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Teledyne RESON

New SeaBat T50-R 
Ultrahigh resolution multibeam echosounder with built-in INS

A member of Teledyne Marine

SeaBat T50, Courtesy of Hamburg Port Authority

Faster than ever survey deliverables
The SeaBat T50-R is the latest addition to the 
world-leading SeaBat T-series platform. The 
extremely compact and flexible rack-mounted 
sonar system with a built-in INS allows for fast 
mobilization, minimal interfacing and extremely 
low space requirements. The class leading 
unprecedented clean data and ultra-high data 
quality provides survey deliverables faster than 
ever before.

Read more at 
www.teledynemarine.com/reson
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cNODE® MODEM EXPLORER

The cNODE® Modem Explorer is a transparent modem and
positioning transponder for integration into any AUV. Fully 
compatible with HiPAP SSBL systems using Kongsberg’s 
Cymbal wideband protocol for extreme range, accuracy and 
high data rates. Supplied in a pressure rated housing or as 
screened board set, up to three remote transducers may be 
connected to suit the operation. 

km.kongsberg.com
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Bright
In this last issue of the year, I would like to look ahead to 2018, but also to the years 

beyond. While 2017 was still a struggle for many in our industry, it feels good to dwell a little 

on a bright future to come after this period, especially in these very dark months in our part 

of the world. I would like to do that with the new Secretary-General of the International 

Hydrographic Organisation Mathias Jonas. Hydro International interviewed the Secretary-

General for this issue (see page 10). Mathias Jonas has been in touch with the IMO and 

IHO since the nineties and therefore appreciates the importance of global cooperation. 

Jonas feels that the international component is currently even more important, because 

new promising technology is peeking around the corner to fi ll the gaps of our image of the 

Earth. The IHO might see its 100th Member State join just before the centenary anniversary 

in 2021. The Member States seeking to join are motivated to invest in hydrographic 

activities, according to Jonas, not just for the purpose of extended economic exploration, 

but also for the purpose of sustainable use of blue resources. In Jonas’ view the new S-100 

framework will put hydrography in the middle of the spectrum. Data from meteorology, 

oceanography and hydrography come together to form a large database integrating 

information from the seas. Together with improved connectivity at sea through broadband 

that will make autonomous operation possible on a much larger scale than today, the 

possibilities to survey, acquire, process and analyse will be way bigger. The project in 

hydrography and oceanography looking ahead furthest is the Nippon Foundation-GEBCO 

Seabed 2030 Project. It aims to create a defi nitive map of the World Ocean fl oor by 2030 to 

empower the world to make policy decisions, use the ocean sustainability and undertake 

scientifi c research based on detailed bathymetric information of the Earth’s seabed. It is not 

completely clear who coined the phrase ‘digital aquarium’ but Jonas is using it now and so 

am I: the digital aquarium will be fi lled with data – a lot of that data coming from 

hydrography - and after that it will become possible to fi sh in this aquarium to support 

business cases of smart entrepreneurs everywhere after the model of GIS is used 

everywhere. Together with the digital image of the complete seabed we will live in a totally 

different world than we do now. Mathias Jonas held a keynote at Hydro ’17, the yearly 

conference of the International Federation of Hydrographic Societies held on the SS 

Rotterdam, from 14-16 November 2017. In a business where companies are still suffering, 

some  more than others, and where hopes are still not too high, Jonas brought some 

optimism to the delegates by outlining his views for the future, in much the same way as he 

does in the interview in this Hydro International. This optimism, together with the optimism 

shown by the young with a high number of students visiting Hydro ’17 last week,  makes it 

feel good to close this last editorial of 2017 in that same atmosphere: looking towards a 

bright(er) future! 

Durk Haarsma durk.haarsma@geomares.nl

  | DURK HAARSMA, PUBLISHING DIRECTOR
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NEWS

Updates to Round 1 Testing Ocean 
Discovery XPRIZE
XPRIZE has announced updates to the first round of testing for the 19 semi-finalist teams 

competing for the USD7 million Shell Ocean Discovery XPRIZE. Before Hurricanes Irma and 

Maria, the deep sea off the southern coast of Puerto Rico was chosen as the original Round 1 

Field Test location for the 19 semi-finalist teams competing in the Ocean Discovery XPRIZE. 

However, due to the island’s ongoing recovery from Hurricane Maria, Round 1 will now be 

a Technology Readiness Test comprised of site visits to each team, judged against 11 key 

measurement criteria. Round 1 begins in November 2017 and continues until February 2018, 

and will ensure the teams are challenged with rigorous criteria that show their technologies are 

capable of meeting the operational requirements necessary for rapid, unmanned, and high-

resolution ocean exploration and discovery.

 bit.ly/2zcvIk9

Submarine Volcanoes of Tonga  
Survey
Nine PMEL scientists 

from the Earth-

Ocean Interactions 

(EOI) Programme 

were studying the 

submarine volcanoes 

in the southwest 

Pacific Ocean aboard 

the Schmidt Ocean 

Institute’s R/V Falkor 

on an expedition being 

led by Dr. Ken Rubin of 

the University of Hawaii, 

from 10 November to 

18 December 2017. 

Major support for the 

expedition is from 

NOAA’s Ocean Exploration and Research Programme. The Falkor and the science team are in 

the Northeast Lau Basin off of Tonga, a region known to have a very high density of submarine 

volcanoes.

 bit.ly/2zaftnr

Forth Ports to Use 
NORBIT Multibeam 
Echo sounder
NORBIT has supplied Forth Ports, one of the UK’s largest port 

groups, with multibeam survey capability for the River Forth 

and the River Tay. The NORBIT iWBMSh is in place with QPS 

QINSy and Qimera software, along with associated sensors and 

training with an investment by the port business exceeding 

GBP250k.

 bit.ly/2zfNqD2

Muir Matheson Becomes Miros 
Scotland 
Muir Matheson Limited has officially changed its name to Miros Scotland Limited. Miros and 

Miros Scotland will use a common logo and website, www.miros-group.com, and a new 

marketing message has been created – ‘Measuring the ocean surface’ – which is now part 

of Miros corporate identity.

 bit.ly/2zf5gGx

Boat Builder Opens Up 
Capabilities Using Au-
tonomous Technology
Sea Machines Robotics today announced a collaboration 

with TUCO Marine of Denmark to offer remote & 

autonomous control products as factory options in their 

line of ProZero workboats. The TUCO Marine Group 

manufactures a range of modern efficient workboats at its 

Faaborg, Denmark location and is specialised in the 

production of carbon fibre hulls.

 bit.ly/2zbelQv

 TUCO’s ProZero workboat to be equipped with Sea 
Machines’ 300 autonomy kit.

 West Cut Grangemouth surveyed with NORBIT iWBMSh.

 Two large volcanic cones and associated deposits near the volcano’s 
summit. Red-pink areas are the thickest depth changes between 
bathymetric surveys in 2016-2017. Image courtesy: Susan Merle.
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MORE NEWS WWW.HYDRO-INTERNATIONAL.COM

Most Shared
Most shared during the last month from www.hydro-international.com

1. Centralised Data for Hamburg Port Authority - bit.ly/2uM36j9

2. Subsea Cable Route Surveying - bit.ly/2zdlEHG

3. Underwater Electromagnetic Propagation - bit.ly/2fjyYjs

4. Increased Resolution Bathymetry in the Southeast Indian Ocean - bit.ly/GA-MH370-1

5. Technology in Focus: GNSS Receivers - bit.ly/2zbDZ7P

 SS William H. Machen (Image courtesy: U.S. Coast Guard)

• box corers

• piston corers

•  gravity corers 

developed by NIOZ

Den Helder  |  The Netherlands
Phone +31 223 613033  |  info@cwpsmit.nl  |  www.cwpsmit.nl

Your Partner 
in Seabed 
Sampling

Divers Discover 1942 
Steamship Shipwreck 
off New England Coast
In 2014, Jeff Goodreau of Rindge and Ryan King of Brentwood 

began a project with fi ve others to search for the SS William H. 

Machen, a steamship which carried coal from Virginia to Maine 

in the USA. This piece of history has now been recovered off 

the coast of Portsmouth, 75 years after it sank. The divers who 

found the wreck over the summer said they work closely as 

a team, sharing in their passion for diving and unlocking the 

traces of the past that have been mostly forgotten.

 bit.ly/2zdVmoE
Insight and Discoveries in Pacific 
Ocean

Seventeen underwater robotic dives have been 

made using ROV SuBastian, completing the fi rst 

expedition off the islands and eastern seamounts 

of the Phoenix Islands Protected Area (PIPA) in the 

nation of Kiribati. This follows an initial exploration of 

the western seamounts by the NOAA Ship Okeanos 

Explorer. According to chief scientist Dr Erik Cordes 

from Temple University, this journey was in the 

tradition of the grand research expeditions of the 

past. His team travelled nearly 3,000 miles across 

 ROV Lead Russell Coffi eld shows the science 
team around the ‘basket’ of ROV SuBastian.

 ASV Global C-CAT 3 on water.

the Pacifi c Ocean and explored a part of the world 

that has remained entirely hidden from view until now.

 bit.ly/2zah5gZ

C-Cat 3 USV Delivered
ASV Global has delivered a 3m autonomous catamaran to the University of 

Southampton, UK. This vessel is the fi rst of the C-Cat vessels to roll off the 

production line. The vessel will be used by the university for scientifi c 

research and development of autonomous behaviours. The investment was 

funded by an EPSRC RAS Capital Award.

 bit.ly/2zdVHHW

06-07-08_news.indd   7 28-11-17   16:38
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NEWS

Live Remote Control  
Technology
Aquabotix has Live Remote Control, which allows users to pilot Aquabotix’s 

underwater vehicles and cameras from any web browser-enabled device, 

remotely, from anywhere in the world. This technology has applications for 

any business, research centre, security force or defence unit with a multi-site 

presence in the underwater world.

 bit.ly/2zbp9OD

Top 5
Geo-Matching.com 
??

Kongsberg GeoSwath USV bit.ly/geoswathusv

NORBIT Subsea iWBMS bit.ly/norbitiwbms

Klein Marine Systems HYDROCHART 3500 bit.ly/hydrochart3500

Teledyne Marine SeaBat T20-P bit.ly/seabat-t20p

Seabed Portable Lightweight Multibeam Set 

(SPLMS)
bit.ly/seabed-splms

NOAA Completed Multi-year 
Ocean Mapping Project off 
Olympic Coast

In September 2017, NOAA’s Integrated 

Ocean and Coastal Mapping Programme 

completed a multi-year ocean mapping 

project off the coast of Washington 

in Olympic Coast National Marine 

Sanctuary. This project grew out of a 

seafloor mapping prioritisation exercise 

led by NOAA’s National Centers for 

Coastal Ocean Science on behalf of 

the State of Washington in May 2015. 

The prioritisation exercise integrated 

the priorities of coastal stakeholders 

representing numerous federal and state 

(Oregon and Washington) agencies, 

coastal treaty tribes, and academic 

institutions to determine where to 

concentrate future survey efforts. One 

identified priority was the need for a better understanding of the bathymetry and 

habitats of Washington’s submarine canyons, particularly three offshore areas in 

need of enhanced data collection efforts.

 bit.ly/2zc6xxW

 Project area and data sources/years 
of the Olympic Coast National Marine 
Sanctuary ocean mapping project.

If you want to know how 
AskFugro.com

IMPROVE THE
SPEED AND
SAFETY OF
MONOPILE
AND JACKET
INSTALLATIONS

If you want to know how 
AskFugro.com

OBTAIN COMPREHENSIVE
HYDROGRAPHIC DATA
IN COASTAL REGIONS

Hydro International-HH-189x125.5-May17.indd   1 4/13/17   4:52 PM
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report  | 

Hydro17: It’s About 
the Network

Hydro17 (from 14-16 November 2017 in 

Rotterdam, The Netherlands) was opened 

by the chief hydrographer of the Royal 

Netherlands Navy. Keynote speakers on the 

opening day of this annual conference were 

Peter Westbroek and Mathias Jonas. During 

the three days, more keynotes – and, more 

importantly, over 45 presentations from the 

business – were presented on the theatre 

stage of the venue: the permanently moored 

cruiseliner SS Rotterdam.

This sharing of knowledge is important 

and creates contact between hydrographic 

professionals. As stated during the conference, 

“the biggest gain can be achieved not by 

accumulating knowledge but by working 

together in a network”. That’s actually one of 

the biggest assets of the event: the people that 

it brings together. The delegates, the speakers 

and the exhibitors interact and discover 

opportunities to work together, enhance the 

profession and create new ideas to map the 

oceans. The scope clearly extends beyond 

just the safety of navigation, as subjects 

listed in the presentation programme also 

include maritime fauna, construction, marine 

renewable energy and seafloor morphology.

 bit.ly/2Bd9MGR

Second TMTW  
Successful
Teledyne Marine successfully hosted its 2017 users’ 

conference, entitled the Teledyne Marine Technology 

Workshop (TMTW), from 15-18 October 2017 in San 

Diego, California. Over 270 customers from around the 

globe converged in San Diego to attend this workshop, 

including over 50 customer presentations detailing their 

utilisation of Teledyne Marine products and technologies 

for applications spanning offshore energy, defence, 

ports & harbours, oceanography, aquaculture, dredging, 

hydrography and hydrology.

The event also included afternoon plenary sessions 

presented by Teledyne Marine’s OneTeam, which 

detailed the company’s joint solutions for applications 

spanning from the surface to the seafloor. These 

presentations were hosted in concert with a wide array 

of afternoon brand level product and software training 

sessions, including a dedicated advanced glider training 

and a hydrology track.

 bit.ly/2BbtG54

 Keynote presentation during TMTW.

 On-water demos onboard SV Guardian during Hydro17.

WÄRTSILÄ CONNECTS THE DOTS 
Wärtsilä ELAC Nautik develops and manufactures state-of-the-art multibeam systems for precise 
charting of water bottom topography for customers in the field of hydrography, for survey of harbours, 
rivers and lakes as well as for oceanography, marine geology and marine biology. No matter what the 
challenges are – Wärtsilä ELAC Nautik delivers. Read more at www.wartsila.com/elac

Ice resIstant desIgn 
for the complete 
survey range

real-tIme
Water column
ImagIng (WcI)

multI-pIng

fm mode

advanced 
transmIssIon 

Beam steerIng

moBIle array 
solutIons

modular desIgn 
for dIfferent 
Beam WIdths

from 600 metres up to 
11,000 metres depth 
performance

Covering it all with 
more than 50 years 
of multibeam 
know-how

patented 
sWept Beamtm 
technology
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interview  | 

‘Arriving at the German maritime administration 

as a young professional mariner and as one of 

the first generations of engineers with computer 

skills in the early nineties, I was appointed to 

certify the first ECDIS device presented to the 

agency’s laboratory. I completed the world´s first 

official ECDIS type approval according to IMO 

and IHO Standards in 1998. Since then I have 

never lost touch with ECDIS subjects. At first I 

was in charge of the technical testing of the 

devices and then, on different levels, for the 

charted content, the ENC in all of its stages of 

production and dissemination.’

The last office you held before 
becoming SG of the IHO was that of 
Hydrographer of Germany. What do you 
consider to be your biggest challenge 
and your main achievement there? 
The transformation from the analogue world of 

printed charts to a digital ENC portfolio affected 

all departments of the office. Starting from the 

digitisation of surveys and the management of 

mass data, via their interfacing to the chart 

production up to the marketing of digital 

products in all facets of licensing, all the 

technology, which meant that many of the 

organisation’s arrangements and many of the 

skills of the employees had to be rearranged but 

always in parallel with a continued and stable 

provision of nautical publications. I am proud to 

state that our team managed this historic 

challenge almost completely during my term of 

nine years. They are not quite finished but there 

is much more than light at the end of the tunnel 

– in fact the sun is already shining through the 

gate.

Why did the position of SG of the IHO 
seem to be  a logical next step for you?
I have been part of IHO technical 

standardisation process for decades and long 

before I ever thought of applying for a position at 

The new Secretary-General of the International Hydrographic Organisation (IHO) Mathias Jonas has had a long 

career now culminating in the highest rank within the world’s leading organisation for hydrography. He took office 

this autumn, succeeding Robert Ward, after he was elected in spring this year by the Member States. Hydro 

International of course wants to know what Dr. Jonas envisions for hydrography and the wider world it influences. 

Mathias Jonas starts off by sharing how he was already in touch with IMO and IHO in the nineties.

Hydrography Will Be Big Contributor 
Filling the Digital Aquarium

Hydro International Interviews Mathias Jonas, Secretary-General of the  
International Hydrographic Organisation

Durk Haarsma, The NeTherlaNds

 Figure 1: Dr Mathias Jonas.

10-11-12-13_interview.indd   10 28-11-17   13:55
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the Secretariat. During all those years I became 

more and more attracted to giving my career 

another spin from a national to an international 

level. Global cooperation is the basic 

prerequisite to survey and chart the seas and 

oceans in a proper way. I felt and still feel 

challenged to facilitate this collaborative process 

on an intergovernmental level in a period 

covering the arrival of new promising technology 

with the unique chance to fill the gaps in our 

image of the Earth. 

How will the IHO membership develop 
in the coming years considering the 
number of Member States and partici-
pation of the Member States?
The new amended IHO Convention, recently 

adopted in November 2016, eases the former 

laborious accession process significantly. The 

Secretariat is now facing a wave of potential new 

Member States over the next two or three years. 

Our ambition is to welcome the one hundredth 

Member State before the centenary anniversary 

of the organisation in 2021. Though technically 

made easier now, the accession process itself 

remains a sensitive one, and I would therefore 

not like to hint any names at this stage, but if I 

look at the candidates of which I am already 

aware, I can clearly identify their vital interest for 

assistance in capacity building in hydrographic 

knowledge, skills and equipment. However, their 

motivation to invest in extended hydrographic 

activities is not solely driven by safety of 

navigation issues anymore. As is the case for  

many other coastal states, those nations are 

becoming more and more aware about the 

value of detailed knowledge of all the physics of 

their coastal waters. Hydrography maintains this 

knowledge to ramp up processes that are 

popularly denoted as ‘blue growth’. It is 

definitely one of our tasks to assist here but 

likewise to explain that this sort of growth should 

not exclusively be understood as extended 

economic exploration. Hydrographic information 

helps to reconcile the various interests to 

maintain sustainable use of the blue resources.

What technique do you think will have 
the most impact on nautical charting in 
the next years?
Our native main project in standardisation – the 

S-100 framework - will offer numerous new 

options to integrate information on the seas 

delivered from different domains such as 

hydrography, oceanography and meteorology. 

Customised backend solutions will diversify the 

use of content carried by all the new data layers 

based on this technology. Our own flagship is 

S-101, next generation ENC, as successor to 

 Figure 2: SG IHO Dr Mathias Jonas and Directors Mustafa Iptes (left) and Abri Kampfer (right).

S-57 ENC. I am confident that we will see the first 

version of S-101 published in the second quarter 

of 2018. Another S-100 derivation, S-104 to 

facilitate safe navigation by real-time provision of 

under keel clearance, is well underway and the 

S-100 concept will finally help to merge 

text-related content (as still mostly provided in 

print) with chart data customised to the task at 

hand. The game changer, however, will be the 

advent of genuine broadband connectivity at sea. 

The breakthrough has already been announced 

for many years but now it seems to be becoming 

a reality. If this happens all the concepts of 

autonomous operation will gain a push and this 

in turn will result in new arrangements of 

navigation beyond the digital nautical charting 

applications we know today. 

You aim to further increase the aware-
ness of mariners (and other disci-
plines) for hydrography. One of your 
thoughts is to do this through lectures 
at the IMO´s World Maritime University 
in Malmö, Sweden. Can you give more 
examples?
It is my observation that mariners are already 

well aware of the importance of hydrography 

and our liaisons with IMO and IALA are very 

helpful here. The problem is to make the step 

out of this circle. The whole team here at the 

Secretariat has just started to draft a complete 

overhaul of our communications strategy 

including internet, print and mass media. I even 

believe that we have to adapt our message. We 

should not limit ourselves to those who measure 

the depth of the waters. I already intentionally 

used this phrase earlier: Hydrography delivers 

information about all the physics of the seas. 

Our measurements to describe the physical 

state form the indispensable basis for 

oceanography which to my personal 

understanding delivers the scientific 

interpretation of the overarching processes. To 

give an example: hydrography measures the 

timely change of the sediments but 

oceanography models the currents and tides 

which make the sands move. Both descriptions 

of the reality are tightly related to each other. 

The task at hand is therefore to attract 

oceanographers to increase the use of 

hydrographic information by merging with their 

own data and this can best be done through 

application of the S-100 framework. An 

excellent case is ice information transmitted in 

Livingstone attempted to erase the white spaces on 
maps of Africa in the 19th century, we now look to 
the oceans to fill the blue spaces

10-11-12-13_interview.indd   11 28-11-17   13:55
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an S-100 data format (S-411) with direct impact 

on all offshore activities and the application of 

tidal and current modelling for real-time under 

keel clearance provision. The latter matches 

perfectly with the aspirations of port operators to 

improve their management of inbound and 

outgoing traffic. Global technical standardisation 

is the key for intelligent use of sea-related 

information and the IHO delivers this. Before 

anyone starts dredging or building expensive 

infrastructures he/she should look for smarter 

use of hydrographic information as, for example, 

delivered by means of dense gridded 

bathymetry in S-102 format. This is our 

message to be conveyed via all channels.

What is the biggest added value the 
IHO can give to national Hydrographic 
Offices?
It depends on their respective state of individual 

development but if I would be tasked to name 

one added value for all: we deliver a platform for 

international collaboration crossing the borders 

between good and sometimes not so good 

neighbours to understand their respective 

intentions, assist them in cooperating technically 

and enable them to learn mutually from best 

practice.

Do you think that new or updated IHO 
standards are implemented soon 
enough by Member States and the 
industry – and if not, how can this be 
improved?
I observe different speeds: industry is keen to 

invest in new products and applications and we 

can never be quick enough to feed them; 

Member States often struggle with shortage in 

resources and domestic bureaucracy such as 

ongoing reorganisations to implement new 

solutions; the shipping industry itself is 

conservative in general and focused on 

environmental aspects these days more than on 

navigation. Overall, I think our speed is 

balanced between the various interests, but if it 

comes to S-100 and S-101 as our flagship 

projects we are surely requested to deliver by 

now. 

There are several initiatives to drive 
further mapping of the oceans. Survey 
of the MH370 flight path has shown 

The Seabed 2030 project will be a flagship 
project to create a complete high-resolution 
bathymetry image of the seas and oceans

that the effort of creating a detailed 
map of the ocean floor requires many 
resources. What are your thoughts on 
the initiatives working on extensive 
ocean mapping?
This campaign reminded us about the 

enormous dimensions of the seas and oceans 

and the fragmented image of what we currently 

hold. To create a detailed image of the deep 

remains difficult but the available technology 

enables us to make a quantum leap. Remote 

sensing, autonomous carriers and smart 

information processing offer expanding 

possibilities for survey and treatment of mass 

data. In the same way as Livingstone attempted 

to erase the white spaces on maps of inner 

Africa in the middle of the 19th century, we now 

look to the oceans to fill the blue spaces with 

detailed information. But in contrast to 

Livingstone who went out alone, we strive to 

federate our efforts internationally and make 

best use of improved options to create a 

harmonised image from all data sources. The 

Nippon Foundation-GEBCO Seabed 2030 

project will, without doubt, be the flagship 

project of this campaign with the ambition to 

create a complete high-resolution bathymetry 

image of the seas and oceans by the end of the 

next decade. To meet this goal it needs 

coordinated contributions from all parties 

involved such as sensor and carrier technology, 

professional surveyors and crowdsourcing. The 

IHO is helping to synchronise these various 

activities by administration of the funding. 

How do you see the cooperation 
between geo-information private 
industries and the IHO being intensi-
fied? What will be the result?
Crowdsourcing is a good example to 

demonstrate how it can work. The guidelines 

developed under the IHO umbrella deliver a 

sound basis for industry to develop technical 

solutions for harmonised data gathering, and 

then the IHO advertises in turn for the concept 

approaching all potential stakeholders such as 

professional shipping, ambitious amateurs, 

offshore companies and cable layers. It all 

ideally results in a much more complete dataset 

of the global seabed topography. But beyond 

this, there should be a far more complex dataset 

of all the conditions of the seas. I once heard a 

Dutch colleague use the term ‘digital aquarium’ 

and I like this phrase. Fishing in this aquarium 

would generate limitless business cases as 

demonstrated by land bound GISs which have 

become standard instruments in all aspects of 

planning, control and supervision. The digital 

image of the seas and oceans will offer the  Figure 3: Mathias Jonas. Image courtesy: Kirk Williams.
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The digital image of the seas and oceans  
will offer a wealth of opportunities and a  
substantial contribution will come from 
hydrography 

same wealth of opportunities and a substantial 

contribution will come from hydrography. 

Will cloud data and application 
services facilitate countries in gener-
ating more, better or new data – espe-
cially the countries that traditionally 
experience challenges in accessing 
modern technologies?
Cloud technology and applications are middle 

ware and backend solutions to speak in 

computer terms. They will not bridge the lack of 

source data but help to compose a better image 

from existing datasets. It appears to me that the 

challenge now lays exactly here. Modern 

multibeam devices and satellite bathymetry 

create mountains of data in minutes but it still 

takes days, weeks and sometimes months to 

derive the correct topography from the data. Big 

data management is definitely a topic to be 

addressed in a better way and customised 

software solutions are key. We have just started 

to investigate if IHO standards could be of help 

here as well. 

Will the profession of hydrographic 
surveyors move from ships to onshore 
desks?
I was a passionate reader of your article ‘As it 

was’ written many years ago by Rear Admiral 

Steve Ritchie, a famous predecessor of my 

current position. The photographs associated 

with his texts often showed men at work with 

special instruments on slippery decks. Beside 

the historic context these illustrations 

transported a specific attitude of those who 

practised: concentration, precision and 

craftsmanship. The same is true for group 

photos of the crew – I always noted dedication 

and pride. On modern images of similar 

situations the instruments have changed and 

the crew is gender mixed but the attitude hasn’t 

changed. It is this habit which will remain 

indispensable in the same way as seagoing 

activities for survey and wreck search will never 

cease completely. 
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Feature  | 

Topographic models of most of the world’s oceans 

are based on a combination of data types and 

resolution, i.e. mainly satellite-altimetry, 

single-beam sonar, Lidar and multibeam sonar 

(listed in increasing order of resolution and 

decreasing coverage availability). The latest global 

topography/bathymetry model available is the 

Shuttle Radar Topographic Model plus bathymetry 

at 15-minute horizontal resolution (SRTM15_plus). 

The bathymetry portion of this model combines 

available soundings with interpolated depths 

based on marine gravity anomalies estimated from 

satellite altimetry. The satellite-derived bathymetry 

technique was originally developed because the 

majority of shipborne acoustic bathymetry data 

available in the remote oceans, especially the 

southern oceans, was and still is celestially 

navigated single beam analogue echo soundings, 

with large gaps between soundings. These 

soundings were used and relied upon to calibrate 

the gravity-to-topography projection algorithm, and 

thus where these are heterogeneous and sparse, 

the model accuracy is limited. For example, the 

soundings available in the broader search area 

(incl. transits) cover < 5% of the total seafloor area 

(Figure 1), and include many old and 

low-accuracy data. 

Nevertheless, satellite-derived bathymetry has 

enough spatial resolution to portray the major 

The disappearance of Malaysian Airlines flight MH370 on 8 March 2014 lead to a deep ocean search effort of unprecedented scale 

and detail in the remote southeastern Indian Ocean. Between June 2014 and January 2017, two mapping phases took place; (1) a 

shipborne bathymetric survey, and (2) a higher resolution search in areas where accurate mapping of the seafloor was required to guide 

the detailed underwater search aimed to locate the airplane wreckage. The latter phase used side - scan, multibeam and synthetic 

aperture sonar mounted on towed or autonomous underwater vehicles (AUVs). The search area covered an arcuate, NE-SW oriented 

swath of ~2,500km long centred on Broken Ridge (Figure 1). When the survey began, the best bathymetric model available was 

almost entirely (95%) derived from satellite-altimetry data (Figure 2). However, over the search period, ~710,000km2 of shipboard 

multibeam data (search and transit data), 4,900 line-kilometres of sub-bottom profiler, and over 120,000km2 underwater systems 

data were acquired. The MBES mapping effort resulted in the largest seafloor coverage acquired for the Indian Ocean, approximately 

equivalent to the size of France or Texas. The spatial resolution of the seafloor improved from an average of 100km to 0.1km 

horizontally and by over 20 times vertically (>100m to ~ 5m). In this article, we focus on the shipborne multibeam dataset and the 

improvement it has made to the bathymetric and geological understanding of the region.

MH370 Search Data
Increased Resolution Bathymetry in the Southeast Indian Ocean

Kim Picard, maggie Tran, JusTy siwabessy and Paul Kennedy, australia; and walTher smiTh, usa

 Figure 1: Location 
map showing 
multibeam 
bathymetry data 
combined with 
sun-illuminated 
relief collected in the 
search for MH370. 
SEIR: Southeast 
Indian Ridge; CIR: 
Central Indian Ridge; 
RTJ: Rodrigez Triple 
Junction; SWIR: 
Southwest Indian 
Ridge.
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Vessel MBES 
model

Manufacturer Beamwidth 
(deg.)

Frequency 
(kHz)

Horizontal resolution at 
nadir between 600 – 
6000m (m)

Vertical 
resolution 
(m)

MV Fugro Equator EM 302 Kongsberg 1 x 1 30 10 – 105 0.050

Zhu Kezhen Seabat 
7150*

Reson 1 x 1 12 10 – 105 0.125

MV Fugro Supporter EM 122 Kongsberg 1 x 2 12 10 – 105 (across)

21 – 209 (along) 0.125

tectonic features of the seafloor. In the southeast 

Indian Ocean and broader MH370 search area, 

the bathymetry model is generally correct, in that 

it shows Broken Ridge, the Diamantina 

Escarpment, Batavia Rise and the other plateaus 

north of Broken Ridge in roughly the right 

position, shape and size to within the resolution 

altimetry can achieve (Figure 1). However, where 

escarpments or other steep changes in depth 

exist, these cannot be captured in the data as 

limited resolution available from altimetric gravity 

creates an inherently smoother model than the 

actual seafloor. For the search, the satellite-

derived bathymetry model was too coarse to 

enable a safe and effective search and therefore 

high-resolution mapping was utilised.

data acquisition and Processing
Over the search period, multibeam shipborne 

data were collected in the search area 

(~278,000km2) and during transits 

(~432,000km2) between the search area and 

the ports in Australia, Bali and Singapore. The 

opportunistic acquisition of transit data 

(acquired by Fugro at no cost) was done with 

the aim to map new areas of seafloor. Many 

vessels and companies contributed to the 

shipborne multibeam data acquisition effort: 

Fugro with the MV Fugro Equator and Fugro 

Supporter, and the Chinese Government with 

the Zhu Kezhen naval vessel (Table 1). 

In addition to the bathymetry, both multibeam 

backscatter intensities and water column data 

(WCD) were acquired by the Fugro vessels. Both 

backscatter and water column data are important 

complimentary datasets that the seafloor mapping 

community should always aim to collect as it 

provides essential seafloor textural and hardness 

information (Figure 2), and pelagic information. 

During the search, the multibeam data 

acquisition, QC processing and daily 

deliverables, such as coverage and data density 

plots, and production rates were generated 

shipboard. Raw multibeam data was transferred 

via satellite communication using the Fugro 

Back2Base system of packaging, store-and-

forward to a cloud-based storage platform. This 

permitted ATSB, Fugro and Geoscience 

Australia to independently process and evaluate 

raw data. Back2base packaged and 

compressed data uploads were typically in the 

range of 3 Gigabytes per vessel per day, a 

significant reduction on original raw data sizes. 

WCD was not transferred via satellite, but rather 

stored locally and offloaded on port calls. 

Geoscience Australia processed and verified 

data using the CARIS HIPS & SIPS v.7.1 SP2 

and created grids at optimal horizontal 

resolution via LASTools and Python to undertake 

further spatial analyses (Table 1). Backscatter 

data were processed using CARIS GEOCODER 

algorithms only within the search area since the 

quality of the transit data was too low due to 

vessel speeds and weather conditions. Banding 

effects were manually corrected and final 

mosaics were gridded at 30m horizontal 

resolution. The backscatter horizontal resolution 

is greater than bathymetry resolution because 

backscatter intensities are recorded as a 

time-series within each beam, whereas only the 

centre of each beam is recorded for bathymetry.

Backscatter and water column data are 
important complimentary datasets

 Figure 2: Backscatter example (a.) showing the hard substrate associated with a volcano (b.) located north of Broken Ridge (see Figure 1 for location).

 Table 1: Technical specifications of the multibeam echo sounders used. (*Modified, upgraded version)
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On commencement of the project, several days 

were invested in the balancing of the various 

sectors and depth ranges of the multibeam 

system in order to acquire in real-time the best 

possible data. We consider this practice to be 

essential if multibeam backscatter is a 

significant deliverable, which is in accordance 

with the recommended practice by the 

international backscatter working group. 

Bathymetric Model Improvement 
A comparison between the SRTM15_plus and 

the new MBES model shows that 60% of the 

SRTM15_plus fall within +/- 100m vertical 

accuracy, suggesting a one-sigma error in the 

STRM of ~100m (Figure 3). Considering an 

average water depth of ~4000m for the area, 

100m represents an error of only ~2.5%. This is 

the best accuracy expected for this model 

considering that the archival data used to 

calibrate the mean depth (averaged over roughly 

100km by 100km patches) cannot be more 

accurate than 2.5%. This is due to the 

uncertainties in the nominal (uncorrected) speed 

of sound in seawater used to communicate data 

between institutions (i.e. 800 fathoms versus 

1,500m/s). The most vertically accurate areas of 

the SRTM are located north of Broken Ridge and 

from 180km west of Australia’s continental shelf 

break (Figure 3). These areas correspond with 

sounding tracks utilised to calibrate the model. In 

contrast, areas of greatest discrepancies (up to 

 Figure 4: Geological Insights of the Diamantine Escarpment (Broken Ridge to Diamantina Trench).

 Figure 3: Difference between the MBES and SRTM15_plus models represented as (a.) a histogram 
highlighting the percentage area for each difference and (b.) a map showing the distribution of 
differences between the MBES and STRM15_plus models.
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 Figure 5: Geological Insights North of Broken Ridge showing extensive debris flow fields. The image also illustrates how 
satellite-derived bathymetry estimates are broadly correct but lack detail.

 Figure 6a and b: Geological Insights South of Broken Ridge showing fracture zones (a. Geelvinck, b. Unnamed), abyssal ridges and volcanoes formed during seafloor 
spreading. These images also illustrate how satellite-derived bathymetry estimates are broadly correct but lack detail.

2,400m) occurred around complex features like 

Broken Ridge and Diamantina Trench. These 

large errors (>500m), however, occur in less than 

1% of the total area and are caused by the 

combined presence of large escarpments 

(>1,000m; Figure 4) and thick sediment cover 

(>500m) overlaying the bedrock. These areas 

thus provide the most striking differences when 

observing and comparing the MBES model to the 

global SRTM model.

Geological Insight 
The new multibeam data reveal the seafloor in 

great detail and thus offer geological insight into 

the tectonic and seafloor processes occurring in 

this remote region. The Diamantina Escarpment, 

which spans from Broken Ridge to Diamantina 

Trench and plunges over 5,100m in relief, 

documents the rifting of Broken Ridge – Kerguelen 

Plateau (Figure 4). Previous studies found that this 

plateau, with some microcontinental components 

(Gulden Draak and Batavia Rises), formed as a 

contiguous large igneous province (LIP) in 

Cretaceous time (between 120 and 90Ma). The 

igneous province subsequently experienced break 

up at ~43Ma and was eventually separated by 

seafloor spreading along the Southeast Indian 

Ridge (SEIR) (Figure 1). Broken Ridge north of its 

rifted southern flank generally has subtle relief due 

to the large amount of pelagic sediment overlaying 

the bedrock. In places, these sediments have 

been reworked downslope by slumps and debris 

flows (Figure 5). South of Broken Ridge other 
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More information  

For more content, sources, videos and 
websites, please see http://bit.ly/
GA-MH370-1
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Areas of greatest discrepancies occurred 
around complex features like Broken Ridge 
and Diamantina Trench

studies estimate that normal oceanic crust of the 

Australian-Antarctic Basin has formed along the 

SEIR at intermediate spreading rates of 59-75mm/

yr. The shipborne MBES data swath traverses ~10 

to ~35Ma old crust north of the SEIR, obliquely 

cutting across tectonic seafloor spreading fabric 

consisting of lineated abyssal ridges (≤200m of 

relief and ≥70km in length) and fracture zones 

(≤900m deep and ≤12km wide; Figure 6). As 

highlighted by other studies, these seafloor 

bathymetric details on the scale of abyssal hills are 

thus not expected to be resolved in satellite-

derived bathymetry models, where they appear as 

an ‘orange peel’ texture, though this texture has 

some clues as to hill size and orientation.

Conclusion
The new multibeam data reveal the seafloor in 

unprecedented detail and confirms that the 

satellite-derived bathymetry model is, for the most 

part, within its accuracy limits and useful for 

resolving broad-scale seafloor features. However, 

the difference between the two models highlights 

the necessity in pursuing high-resolution mapping 

to provide a better understanding of deep seafloor 

environments, including habitats and resources, 

and insights into the geological evolution and 

processes of this poorly known region of the 

world’s ocean. High-resolution mapping also 

enables the conduct of safe and effective 

deep-tow and AUV research in deep water. 

The transfer of raw data from the vessels ashore 

on a continuous basis also provides the 

shore-based management teams the ability to 

quality control, fault-find and issue revised 

tasking orders to optimise operations. The use 

of cloud-based technologies, even from 

offshore, has now become a reality. This project 

also shows that mapping transits adds greatly to 

the value of the product.

Detailed bathymetric information of the Earth’s 

seabed will indeed ‘empower the world to make 

policy decisions, use the ocean sustainably and 

undertake scientific research’ (Nippon 

Foundation – GEBCO seabed 2030 project).

Lesson Learned for Seabed 2030 
Project
The Nippon Foundation - GEBCO Seabed 2030 

project aims to ultimately leave ‘no features of 

the world ocean floor larger than 100 metres 

unmapped’. This will be a considerable 

challenge, especially in regions such as the 

MH370 search areas and southern oceans, 

where the least amount of high-resolution data 

is available. As seen in the difference map 

between the MBES and the SRTM15 plus 

bathymetry models, over 60% is within 100m 

vertical accuracy level. Therefore, in the vertical 

accuracy, satellite-derived data can statistically 

meet the challenge. However, the horizontal 

resolution is more problematic. The MH370 

search data show that for < ~6,000m water 

depths, the present shipborne multibeam can 

meet the requirement for 100m resolution 

(Table 1). However, to realise such resolution in 

deeper areas, underwater vehicles will be 

required or expected resolution will have to be 

reduced. The mapping of the MH370 search 

and transit areas (1% of the Indian Ocean) took 

over 2 years with the effort of one ship, and after 

accounting for bad weather days. Therefore, if 

we consider mapping the entire Indian Ocean 

using the same pace and technology it would 

take in the order of 200 years to map, which is 

in accordance with Seabed 2030 estimates. 

Collective effort is obviously the key to success 

here.
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With that in mind, iXblue, an international high 

technology marine company, launched a new 

multi-purpose craft. The goal is to provide a 

more efficient data gathering solution in the 

ocean sciences domain, in every way. From  

cost control to the expansion of working 

domains. 

Collecting Data Faster 
The Moon’s surface is better mapped than the 

Earth’s seabed. Who has not heard this? It might 

have become a triviality, but it remains reality. A 

reality that needs to be addressed today, given 

the ambitious challenges of mapping the entire 

ocean floor by 2030. The key factor here is not 

sensors technology, as it is available. The 

number of assets available, however, is far from 

sufficient to complete this Herculean task. 

The alternatives are either to build a massive 

new fleet of research vessels or to develop new 

methods of data collection and maybe to 

allocate a bigger workforce to the post-

With an ever growing number of nations and private organisations rallying the path of the Blue Economy, the 

Smart Ocean concept is becoming a reality. And Autonomous Unmanned Surface Vessels (AUSV) can be part of 

it, from a data gathering perspective. In order to reach that point, the challenge for the industry is to provide 

the means to collect data faster without any compromise on quality, and to make the process affordable and 

accessible to a greater number. It means progressively but actively integrating new assets and multiplying the 

number of devices in the water within a tight budget. An equation AUSVs could help solving.

AUSVs Accompanying the 
Smart Ocean Trend

 Figure 1: DriX and survey vessel FeliX.
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processing of the resulting vast amount of data. 

The first option is not realistic given the budgets 

at hand. The latter basically mixes a greater 

number of sensors in the water, the use of a 

larger number of assets, and the inclusion of 

non-specialised existing vessels.

This is where AUSVs can be a key factor. They 

should be effect multipliers and should be able 

to work together with the existing research fleet, 

thus reducing survey times. But not only that. 

AUSVs should also be able to expand the 

vessels’ working domains. 

DriX, iXblue’s new multirole AUSV, is capable of 

working along with a research vessel in joint 

survey operations, both in coastal environments 

and on the high sea. Thanks to its totally 

‘unmanned’ concept, maximum seakeeping 

and stability qualities have been given to the 

design. DriX thus achieved perfect quality 

seabed mapping images at speeds in excess of 

10 knots during sea trials. This revolutionary 

design also enables DriX to work when the 

research vessel has to stop because of the 

weather and to collect data much faster than 

other AUSVs.

Enhancing Existing Assets
Another cost control solution is to make use of 

non-specialised, already existing vessels to gather 

the information. But fitting them with geosciences 

equipment can be very costly, sometimes not 

very reliable, and the data quality might not reach 

the level of expectations. However, it would be 

much safer to use them in easier, but equally 

important, tasks such as support vessels or 

command and control centres for AUSVs. 

That is another milestone the AUSV would have 

had to pass: being fitted for deployment on a 

non-specialised vessel and operated and 

supported by it. This requires at the very least a 

deployable Launch and Recovery System 

(LARS), adaptable on non-specialised vessels 

anywhere in the world. Ideally, it would  

also imply that the AUSV be fast and have 

enough endurance to keep pace with the 

supporting vessel in case of space limitation  

on the work deck and in case of multiple  

AUSV operations from the same support  

vessel. 

Once again, this model makes sense and the 

industry already provides it. DriX has a top 

speed of 15 knots in order to reduce transit 

times, as well as 7-days endurance, which 

reduces the periods of replenishment at sea. Its 

LARS allows it to deploy/receive it safely from 

any kind of non-specialised vessel, provided it is 

fitted with lifting equipment (crane or A-Frame) 

with the right clearance. And as far as logistics 

is concerned, a 40-feet container, deployable 

everywhere, can accommodate both the DriX 

and the LARS.

Being Truly Multirole
Enhancing existing assets and reducing the 

data gathering time are great solutions for 

smarter sea operations. But another way to 

control costs is for the AUSVs to be truly 

multirole in order to conduct a wide range of sea 

operations from the same craft. In essence, 

AUSVs need to be versatile in order to make the 

aforementioned qualities available to a greater 

number of situations. This means that they must 

be agile too, reducing the timeframe needed for 

swift mission reconfigurations. For instance, 

interrupting a seabed mapping mission to start 

echo sounding measures will require a change 

of sensors, antennas and electronic cabinets, all 

in an acceptable timeframe. DriX plays that part 

perfectly. Thanks to its changeable gondola and 

the easy access to its electronic cabinets, DriX 

offers a swift and easy switch of payload in a 

reduced timeframe.

AUSVs will thus play a key role in this new 

Smart Ocean concept, but we need to be 

cautious with how we proceed to accompany 

this trend in order not to try and precede it. This 

is what iXblue does by using sea-proven 

technology, compliant with current international 

regulations, while keeping the door open to 

technological advances. In other words, 

companies need to create solutions fitted for 

future technological changes, but not with 

experimental technologies. 

This article has been brought to you by iXblue.

 Figure 2: DriX at sea.  Figure 3: DriX operating as effect multiplier.

 Figure 4: A wave-piercer shape.

More information  

www.ixblue.com
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Scope of Work
Prior to the installer laying the cable on the 

seabed the survey contractor should provide the 

installer with the integrated geophysical and 

geotechnical data required to finalise the 

installation plan and procedures. Before the 

survey can start a comprehensive desktop study 

is required to address the optimal route, the 

survey methodology and schedule of work. The 

primary study comprises the topography and 

type of seabed vs optimal or shortest routing. 

Based on the designed cable survey route, 

logistics and environmental parameters a route 

survey scope of work is prepared which is the 

basis of the survey plan. 

Since subsea cables are laid shore to shore 

there will be nearshore, shallow (< 1,500m) and 

deepwater (> 1,500m) survey requirements as 

part of the scope of work. The shallow-water 

survey covers typically a 500m – 1,000m survey 

corridor where cable burial is proposed and 

which should be surveyed using a different 

range of sensors such as multibeam echo 

sounder, sub-bottom profiler, side-scan sonar 

and magnetometer. There are also nearshore 

sections (from 0 to approximately 3m) that need 

to be surveyed by divers that collect video 

footage and probe sediment thickness where 

survey vessels cannot operate. The survey 

sensors used in deep water are like those for 

nearshore surveys but with different 

specifications. A burial assessment survey using 

CPTs and coring is also required for ground-

truthing the geophysical interpretation and 

finalisation of the Burial Assessment Survey. In 

deep water beyond the proposed water depth 

for burial a single line of multibeam echo 

sounder data is collected to full ocean depth 

providing survey swaths of 3 x water depth up to 

10 kilometres wide. 

Besides the chosen survey instruments and 

techniques, timing is a third factor and should 

address the optimisation of the survey plan as 

well as contingency plans to avoid any 

operations downtime, especially when the 

survey vessel is required to work in very remote 

areas. Survey timing is critical in areas affected 

by seasonal weather patterns, i.e. monsoons in 

Asia, hurricanes in the Caribbean, cyclones in 

South Indian Ocean, etc. and significant savings 

can be achieved by surveying during the ‘right’ 

time of the year. To achieve an optimum plan, 

particularly for surveying the offshore and 

deepwater section, an accurate segmentation of 

the survey disciplines based on the weather and 

environmental parameters has to be conducted 

and scheduled in the Plan of Work.

Shallow-water Considerations
In addition to the weather and tidal behaviour of 

the coastal waters, the topography of the seabed 

sometimes makes the nearshore survey 

challenging. Achieving a full multibeam 

coverage of the shallow-water section results in 

Ninety-nine percent of international data is transmitted by around 265 subsea cable systems connecting the world 

(Figure 1). The total length of subsea cables exceeds 1.6 million kilometres and they can be found as deep as 8,000m. 

The cables, which can cost hundreds of millions of dollars, must generally be run across flat surfaces of the ocean floor 

and care is taken to avoid coral reefs, wrecks, environmentally and politically sensitive areas and general geological 

obstructions. Diameters are generally no thicker than an average garden hose. Cable laying is an expensive operation and 

is a function of the total length of cable, water depths and required protection and resulting cable types.

Planning Challenges
Subsea Cable Route Surveying

Kam auStine and anthony Pyne, australia

 Figure 1: Current subsea cables connecting different continents.  Figure 2: Multibeam data coverage in shallow water.

22-23-24_featureaustine.indd   22 28-11-17   16:00



Hydro international | november/december 2017 | 23

a very tight line spacing design. A 20% overlap 

requires modification from 50m line spacing at 

9m water depth to 25m line spacing at 5m 

water depth. The multibeam survey is not 

efficient in depths less than 5 metres as shown 

in Figure 2. Another challenge is observed when 

the coastal area has an immediate slope change 

and a very steep and narrow continental shelf, 

such as in remote Pacific islands. In these 

cases, the survey cannot be undertaken in both 

directions and the equipment needs to be 

towed from nearshore to offshore or down  

slope to avoid collision with a rapidly shoaling 

seabed. This will result in additional transits  

and consequently increase in survey time 

(Figure 3).

Lagoon environments comprise shallow waters, 

irregular seabeds and narrow high-energy 

entrances (Figure 4). In extended lagoons, the 

restrictive bathymetry of the coast approaches 

may be too complex for the larger offshore 

survey vessels. Thus, an extended inshore or 

nearshore survey may be required, which 

introduces more costs and mobilisation risks for 

those sections of the survey. This may be 

mitigated by having a daughter survey craft on 

the main survey vessel, but this requirement 

must be considered before arriving on site! 

Deepwater Considerations
As water depths increase there are many 

parameters to take into consideration, for 

example underwater currents affecting survey 

positional accuracy when operating deep tow 

sensors. This is critical for subsea object 

detection and positioning. Also important is how 

the Multibeam Echo Sounder (MBES) bin size is 

changed in different water depths. A Kongsberg 

EM122 (10 x 10 beam angle) gives a footprint at 

500m of 9m and at 3,000m of 50m.

In addition to the MBES bin size, speed affects 

subsea target detection. Usually there is 

additional backscatter or side-scan sonar data 

to detect targets that may not be resolved in the 

bathymetric data alone. A side-scan sonar 

investigation conducted by EGS shows how the 

detection of a one cubic metre target is affected 

by speed and range. A 1m3 metal object was 

deployed on the seabed prior to running a series 

of lines past the object using a Klein 2000 

Side-scan Sonar at a constant offset but 

different ranges and speeds. The results show 

that target recognition decreases as the speed 

and range increases. This experiment proves 

that especially in deeper water a survey speed 

of more than 3 to 3.5 knots will compromise the 

quality of the results (Figure 5). 

To create detailed isopachs, the sub-bottom 

profiler (SBP) data needs to be of sufficient 

density with cross line correlation. High data 

density is obtained by running closely spaced 

lines over the entire corridor, while cross 

correlation is obtained by running cross lines. 

This is easily achievable during inshore surveys 

where typically 11 to 13 survey lines are 

required to get sufficient MBES coverage and 

when cross lines are required for correlation. 

However, it becomes problematic in deep 

waters when only 3 survey lines are required to 

achieve MBES data coverage and no cross lines 

are needed or specified allowing for objects to 

go potentially undetected. This is usually driven 

by economics rather than the desires of the 

on-board survey team. To mitigate against this 

route engineering is as far as possible carried 

out along survey lines. In areas of complex 

geology extra lines along the ‘in-field selected 

route’ may be run to confirm burial depths or 

the burial assessment may recommend 

ploughing with caution.

tow Fish Considerations
Speed not only affects the target detection but it 

also determines the depth of towed systems. As 

the water gets deeper or slopes increase, to 

keep the tow fish flying as close as possible to 

seabed, the vessel speed has to be kept 

constant and as slow as possible. Using 

depressors and extra weights will help to 

submerge the tow fish as deep as possible but 

as soon as the vessel speed increases the tow 

fish may start to glide up from the seabed thus 

decreasing coverage and object detection 

capability.

 

As a rule of thumb, cable out length is three 

times the water depth (4,500m cable out in 

1,500m depth). Depending on winch speed, 

the process of spooling out 4,500m of cable 

may take around 2 hours, which is a lengthy 

process and will increase line turn times. To 

start a line the tow fish has to be deployed prior 

to the start point and can only be recovered 

when the tow fish has passed the end point of a 

survey line, meaning 2 x 4.5 kilometres of extra 

survey time with 4,500m of cable out.

A single line turn with a towed sensor can take 

up to 4 hours in deep waters! Lines should be 

run separately if Alter Course (AC) points in the 

survey route exceed 10°, requiring the vessel to 

complete a full turn and sufficient run-in and 

run-out to ensure that no sub-quality ‘turn data’ 

is issued. Preliminary route engineering should 

be made to avoid unnecessary ACs in deep 

water to minimise lengthy line turns. Current 

can also have a major impact on survey 

operations as tow fish are pushed ‘off line’. If 

any in-fill survey is required and considering  

the run-in and run-out, line turns, etc. the 

survey time will be increased significantly 

(Figure 6). 

 Figure 3: Steep coastal area.  Figure 5: Side-scan sonar object detection at different speeds 
and ranges.

 Figure 4: Lagoon environment survey.
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magnetometer Considerations
Where the survey route crosses existing cables a 

magnetometer survey is required to accurately 

position the cable crossing if this is not observed 

on side-scan sonar to avoid plough incidents 

and cable damage. Magnetometers can be 

affected by the steel hull of the survey vessel, 

the (steel armoured) tow cable and steel USBL 

beacon casings. The solution is to tow 

magnetometer far enough from the vessel, use 

Kevlar tow cable and position the USBL beacon 

a set distance from the magnetometer and 

apply offsets accordingly. This is easily done for 

inshore surveys but becomes much more 

difficult in deeper waters.

 

As an aid to flying the magnetometer in deeper 

waters it may be piggybacked to the side-scan 

sonar so height can be controlled more easily 

than relying on altimeters / depth sensors. As a 

rule of thumb a side-scan sonar should be flown 

at an altitude of 10-15% of sonar range i.e. for 

200m range, the SSS should be flown at 20m 

above seabed. However, at 20m above seabed, 

the magnetometer would only detect large 

objects such as wrecks. So, extra magnetometer 

specific lines have to be run with the instrument 

closer to seabed to detect the smaller ferrous 

content of a buried cable increasing survey 

times and costs (Figure 7).

Data management
Every cable route survey deals with multi 

gigabytes of raw data on a daily basis. The 

survey results and reports are generated in 

real-time on board and are used for analysis of 

the proposed survey route. The data will be 

used to provide an on-board post survey route 

(for installation) and the cable and installation 

parameters will be engineered at this stage. 

Design criteria can be sent to the manufacturing 

factory during the survey. Cable engineering is a 

time sensitive process, the faster the survey 

results are made available, the quicker they can 

be used to manufacture the cable. However, 

telemetry of data to shore is expensive. Online 

real-time monitoring is critical on board the 

survey vessel to reduce the potential of having 

to transit back to problematic areas to conduct 

re-route or deviation surveys. 

 

Conclusion
Cable route surveys present different and 

sometimes unique challenges on a project by 

project basis. A high-quality desk top study is 

required prior to any planning and operations to 

Kam Austine is employed by EGS 
Survey PTY Ltd (Australia) as business 
development manager. He studied MSc 
Hydrographic Surveyor. The EGS Group 
of companies has participated in more 

than 72% of subsea cable route surveys worldwide since 
1997.
 kaustine@egssurvey.com.au

Anthony Pyne is general manager at 
EGS Survey PTY Ltd (Australia). He 
studied BSc (Hons) Oceanography with 
Geology. The EGS Group of companies 
has participated in more than 72% of 

subsea cable route surveys worldwide since 1997.
 apyne@egssurvey.com.au

 Figure 6: Potential plough incident when the smaller rock subcrops are not detected.

 Figure 7: Operations situation with current, survey vessel (green) and tow fish (red).

best prepare for any eventuality. A properly 

defined scope of work is a vital part of the 

process which helps to select the most 

appropriate survey tools for expected survey and 

cable route conditions. Best survey practice 

consistent with acquisition of high-quality data, 

with an ability to modify a survey plan in the 

field are vital. On-board processing and data 

presentation are key for timely decision-making 

and product delivery for manufacture. If field 

works are executed during optimum weather 

seasons, the costs of survey can be reduced 

significantly. However, financial pressures may 

dictate that surveys be conducted in 

unfavourable conditions in favour of a more 

successful installation. 

Cable out length is three times the water depth
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For our case study we collected AIS data over a 

period of six weeks from ships passing through 

the Strait of Gibraltar between 16 May and 30 

June 2017. Only ships longer than 100 metres 

were selected. Data from ships that were 

manoeuvering or calling at one of the ports 

along the route were eliminated. This left 1,700 

east bound ships and 1,600 west bound ships 

from the 4,300 collected AIS data records.

The study area in the Strait of Gibraltar lies 

between 6° W and 5.3° W. This stretch was 

divided into 70 bins, each about 900 metres 

wide. For each ship, AIS data were averaged 

per bin, to reduce the amount of data and make 

sure that fast ships contributed as much to the 

analysis as slow(er) ships.

Figure 1 shows the binned ship positions. Two 

lanes are clearly visible: a northerly for west - 

bound ships out of the Mediterranean Sea and 

a southerly for east - bound ships into the 

Mediterranean Sea. The red lines indicate the 

two tracks along which a tidal analysis was 

carried out. These tracks have a bend at a 

longitude of 5.61° W. The eastern part of the 

track has a direction of 70° and the western part 

of the track a direction of 90° reflecting the 

analysed current component.

Persistent Currents
In the Mediterranean Sea, the evaporation of 

water surpasses the influx of water from rivers 

and rain. This leads to a steady inflow of water 

from the Atlantic Ocean. Thus, ships sailing 

from the Mediterranean into the Atlantic through 

the Strait of Gibraltar sail against the persistent 

currents and will be slower than average. East -  

bound ships into the Mediterranean will be 

faster.

To get a first simple and rough estimate we 

compared the average ship’s speeds in the 

northern and southern lane for each bin, 

deducing the persistent surface currents from the 

difference between these values. This idea works 

surprisingly well. A much more sophisticated tidal 

analysis (see below) was performed to assess the 

persistent currents along the northern and 

southern lanes. The shapes of the persistent 

currents as calculated with these two completely 

different methods are similar and consistent (see 

Figure 2). As a bonus, the simple method also 

provides an estimate for the average persistent 

current along the route, whereas the complex 

regression method can only assess the shape of 

the current.

Tidal Spectra
Tidal variations have specific, well-known 

frequencies; the most important are the 

semi-diurnal (twice a day) constituents M2, S2, 

and N2, and the diurnal (once a day) K1 and 

O1. In a traditional tidal analysis, the spectrum 

of the measured time series is calculated in a 

Fourier analysis. The spectral peaks show which 

constituents can be detected and what the 

amplitudes and phases of the related tidal 

constants are. This approach does not work for 

the binned AIS data because the measurements 

give the ship’s speed and not the currents. In 

our approach, we assume that the speed of a 

specific ship is the sum of a constant cruising 

speed and a contribution from the (tidal) 

currents that vary in space and time. The yet 

unknown cruising speeds range between 3.5 

and over 12 m/s per vessel and cannot be 

neglected in a spectral analysis.

To circumvent this problem, we consider for 

each ship the mean acceleration, a quantity 

suitable for harmonic analysis. This approach 

works as the periodogram (Figure 3) showing 

the three main semi-diurnal and two diurnal 

tidal constants are visible.

Tidal Analysis
The next step is to assess the amplitudes and 

phases of the main tidal constants in each bin 

Traditionally, currents are measured with buoys and drifters but these surveys are expensive and results are scarce. Almost 

all ships are equipped with AIS (Automatic Identification System), primarily to improve shipping safety. Broadcasted AIS 

signals contain information about the ship’s identity, position, speed and heading. These signals are collected at coastal 

stations where time stamps are added. The resulting time series make it possible to track individual ships and analyse their 

movements. This article shows the results of a case study in the Strait of Gibraltar making use of freely available AIS data 

whereby the presented method turns passing ships into moving buoys to obtain tidal information on surface currents.

Tidal Currents from AIS
Studying Currents in the Gibraltar Straits

C.J. CAlkoen and F. leemburg, The neTherlands

 Figure 1: The Strait of Gibraltar and the collected AIS data. Each 
yellow dot is an element of the binned ship’s speed time series. The 
red lines show the northern and southern shipping lanes.

 Figure 2: The persistent surface current calculated from the 
difference between the averaged east- and west-going ship’s 
speeds (blue line) and the results from the regression analysis for 
the northern and southern lanes.
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for both the northern and southern lane. For the 

whole database of binned AIS data, we assess 

cruising speeds (as a constant per ship) and 

amplitudes, phases and persistent currents 

(constant per bin) in one big regression analysis. 

Only the main three semi-diurnal tidal constants 

are considered (M2, S2, and N2). The reason 

for this is that ships cross the study area in 

about 2.5 – 3 hours, which is short compared to 

the 24-hour cycle of diurnal tides. The induced 

speed variations are therefore too small to be 

separated from the estimated cruising speed. In 

the results (Figures 4 and 5) the semi-diurnal 

variations are clearly visible, as well as the 

spring and neap tidal cycles. 

When compared with published model results 

from another study, in which buoy 

measurements have been assimilated, the 

results showed a consistency in the shape of the 

constants: a peak near the Camarinal Sill near 

5.8° W, sloping down towards the east. Also, the 

magnitude of M2 and S2 are in agreement (N2 

was not mentioned in the publication).

This analysis method produces tidal information 

on the surface current component in the 

direction of the shipping lane. In a previous 

study on tracking large eddies with AIS it was 

found that cross currents can also be estimated 

from course deflections. However, this is far less 

straightforward to implement and in the present 

case study cross currents are small.

Conclusions and outlook
The results from this study show that ship’s AIS 

data contain valuable information on (tidal) 

surface currents. Where traditional buoy surveys 

collect accurate point measurements, the AIS 

analyses provide assessments of tidal constants 

along a route. An important advantage of this 

technique is the low costs of data acquisition. 

AIS data can be collected freely and commercial 

providers have collected AIS data worldwide for 

many years and make this data available for a 

relatively low price. The archived AIS data is 

mainly available along the densely-navigated 

shipping routes but for nautical applications, 

Dr. Charles Calkoen studied physics at 
the universities of Utrecht and 
Amsterdam. In the last 30 years, he 
was involved in oceanography and 
remote sensing, developing 

hydrodynamic models and data analysis and fusion 
techniques. 

Feitse Leemburg completed his 
training as Hydrographic Surveyor at 
the Maritime Institute Willem Barentsz 
located on Terschelling in summer 
2017. This research is part of the 

graduation thesis for the final part of the study.

 Figure 3: Spectrum obtained from the AIS ship’s speeds showing various tidal 
frequencies.

 Figure 4: Amplitudes of three semi-diurnal tidal constants for the eastward surface 
currents in the northern shipping lane.

 Figure 5: Time series of current speeds in bin 40, south of Tarifa in the northerly route, estimated from 
the AIS ship’s speeds (black dots), and of the fitted tidal analysis (red dots).

this is exactly where the information is needed. 

The assessment of persistent surface currents 

and of the largest tidal constant M2 was 

possible after collecting data for only a few 

weeks. This means that seasonal variations in 

the persistent currents can also be traced. The 

assessment of the smaller tidal constants, S2 

and N2, is more affected by noise caused by 

weather, eddies, and especially ship’s 

manoeuvres.

The research to extract surface current 

information from AIS data is ongoing. This 

technique can already provide valuable 

information in practical applications such as a 

characterisation of the tidal regime in an area or 

as complementary to a traditional survey. Better 

filters to detect ship’s manoeuvres, more robust 

statistical methods, and better models will 

further improve the reliability of the assessment 

of tidal currents. Also, other information can be 

extracted: during the study, traces of internal 

waves were detected in the time series of 

groups of ships. Finally, AIS databases contain a 

wealth of information on MetOcean conditions, 

waiting to be discovered. 
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Technology in Focus: 
Multi-beam  
Echosounders
The evolution of multi-beam echo sounders (MBES) is leading 

to systems with enhanced capabilities in their traditional 

markets, but also provides features to allow the expansion of 

their use into new areas and applications. This short review 

highlights some of the features of the latest generation of 

systems. The attributes of an MBES system are traditionally 

described by technical specifications, such as operating 

frequency, pulse length, beamwidth, number of beams and 

coverage. These technical parameters define the nature of the 

system, but the fundamental characteristics are of greatest 

interest.

 bit.ly/2BjU1OC

Very Shallow Water Survey -  
a New Approach
Multibeam Echo Sounder and Terrestrial Laser Scanner Data Comparison

Hydrographic surveys in very 

shallow waters can have several 

applications such as nautical 

chart updating, performing 

environmental monitoring and 

characterisation, determination 

of dredged volumes, 

establishing navigational 

channels or defining general 

coastlines. When full bottom 

search is required, surveys in 

such areas will involve many hours of work, require several specialised technicians and, in most 

cases, the use of expensive equipment. Therefore, in order to gather coastline altimetry data, 

many hours can be spent conducting survey lines with GNSS equipment, sometimes in 

unfriendly and rough terrain. In order to find a way to optimise these tasks, Leica Geosystems 

Portugal (LG) and the Portuguese Hydrographic Institute (IHTP) carried out a joint survey to 

gather bathymetric data at an intertidal zone using a Leica ScanStation P20. Data from the 

Kongsberg EM 2040C was used to evaluate the Laser Scanner survey.

 bit.ly/2ziYH5O

 CUBE surface with 25cm resolution created using 
Kongsberg EM 2040C data.
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GEBCO  |  GENERAL BATHYMETRIC CHART OF THE OCEANS

 Attendees at the kick-off meeting for the Regional Centre Heads of the Nippon Foundation-GEBCO 
Seabed 2030 Project. From left to right: Graham Allen (BODC); Vicki Ferrini (LEOD); Larry Mayer 
(University of New Hampshire); Helen Snaith (BODC); Boris Dorschel (AWI); Pauline Weatherall (BODC); 
Martin Jakobsson (Stockholm University); Geoffroy Lamarche (NIWA); Patrick Orr and Henry Gilliver (Raitt 
Orr & Associates – communications advisers).

Regional Data Centres
The Nippon Foundation-GEBCO Seabed 2030 

project will utilise four Regional Data Assembly 

and Coordination Centres (RDACCs). Each will 

be supported by a Regional Mapping 

Committee, and is responsible for a section of 

the world’s ocean fl oor. 

The regional centres will each adopt a 

coherent and consistent approach for gridding 

their compilations, resulting in a database of 

cleaned bathymetric data that will form part of 

the Seabed 2030 global grid. Each will identify 

existing data and work to incorporate it into its 

regional grid through coordination with existing 

mapping projects, as well as highlighting areas 

for which no bathymetric data exists, so efforts 

can be made to map the gaps.

Centre Profiles
North Pacifi c & Arctic Ocean: Responsibility for 

this region will be handled by Stockholm 

University, led by Martin Jakobsson. Martin is 

Professor of Marine Geology and Geophysics 

at the University, and his current research 

interests are the Arctic Ocean 

paleoceanography and glacial history, the 

West Antarctic Ice Sheet, and the use of GIS 

and 3D visualisation for handling and 

analysing marine geological/geophysical data.

Atlantic and Indian Ocean: Efforts will be 

coordinated from the Lamont-Doherty Earth 

Observatory (LEOD) at Columbia University, 

headed by Vicki Ferrini. Vicki completed her 

PhD in Coastal Oceanography at Stony Brook 

University, New York, and has extensive 

experience in using high-resolution 

geophysical mapping techniques to 

understand the processes that create and 

modify the seafl oor.

South and West Pacifi c Ocean: The regional 

data centre is based at the National Institute 

of Water and Atmospheric Research (NIWA) 

in New Zealand. The team is led by Geoffroy 

Lamarche, who obtained a PhD in Geology 

and Geophysics from the University of 

Grenoble in 1987. He has since focused 

his research on the geological processes 

that affect the ocean fl oor around New 

Zealand and in the South West Pacifi c 

region.

Southern Ocean: Based at the Alfred Wegener 

Institute (AWI), the regional centre will be led 

by Boris Dorschel – a research scientist who 

completed his PhD on cold water coral 

carbonate mounds at the University of Bremen 

and MARUM. His research is focused on 

marine geology, with special emphasis on 

seabed and habitat mapping.

Global Data Centre
The Global Data Assembly and Coordination 

Centre (GDACC) will be responsible for 

centralised data management for 

non-regionally sourced data, such as that 

provided by industry working on global scales. 

The global centre will also produce and 

distribute the fi nal Nippon Foundation-GEBCO 

Seabed 2030 grid as a fi nal bathymetric 

product. It is based at the British 

Oceanographic Data Centre, led by Dr Helen 

Snaith of BODC.

Progress will be regularly reported, with a 

schedule of four two-day meetings agreed 

throughout 2018– leading to publication of the 

fi rst Seabed 2030 global grid at the end of the 

year. While incomplete, it will pave the way for 

the production of the defi nitive map of the 

world’s ocean fl oor by 2030. 

In October, the Nippon Foundation-GEBCO Seabed 2030 Project, which plans to map 100% of the 

world’s ocean floor by 2030, held its first meeting of regional data centre heads at the National 

Oceanographic Centre at Southampton University. Along with the head of the global data centre, a 

soon-to-be appointed project director, dedicated research teams, and in partnership with The Nippon 

Foundation, they will be responsible for delivering the project’s mission.

Nippon Foundation-GEBCO 
Seabed 2030 Project

The Team Behind the Map
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HISTORY  |  Capt. albert e. theberge Jr, Contributing editor, Hydro international

Study of Waghenaer’s charts reveals that there 

are few soundings deeper than 30 fathoms, 

one sixty fathom sounding, and one 

anomalous nearshore sounding of 200 

fathoms. This 200-fathom sounding was the 

final sounding of a line of soundings that 

ended with 7, 50, and then 200 fathoms. Was 

this a blunder on Waghenaer’s part, an error 

on the part of the engraver, or indicative of the 

real configuration of the seafloor? Comparison 

with a modern bathymetric map gave the 

answer. These two soundings were made at 

the head of Subetal Canyon – a large canyon 

incising the Portuguese continental shelf and 

slope. The soundings are convincing evidence 

of Waghenaer’s integrity as a hydrographer 

and also his commitment to producing charts 

that were as accurate as the technology of the 

times permitted. 

For the next 340 years, little was done to 

improve the accuracy of depth sounding 

instrumentation. The hydrographer was 

constrained to using the lead-line. However, 

positioning technology began improving in the 

eighteenth century with the invention of the 

octant, sextant, chronometer and station 

pointer. These inventions coupled with the 

evolving understanding that depth information 

had to be placed in the same geographic 

framework as the shoreline and landmarks 

shown on charts, led to a quantum leap in the 

accuracy of charts. This new understanding 

was driven by the work of such British 

hydrographers as Murdoch Mackenzie Senior, 

Murdoch Mackenzie Junior, Graeme Spence 

and the incomparable James Cook. 

In 1747, Mackenzie Senior was the first 

hydrographer to develop a local triangulation 

scheme during his survey of the Orkney Islands. 

In 1750, he wrote, “The lives and fortunes of 

sea-faring persons, in great measure, depend 

on their charts. Whoever, therefore, publishes 

The profession of hydrographer is built upon accuracy of measurement. Ever since Lucas Janszoon Waghenaer 

produced the first true nautical charts in 1584, hydrographers have been working to improve the accuracy of their 

measurements. For anyone fortunate enough to have reviewed Waghenaer’s atlas, the Spieghel der Zeevaert (The 

Mariner’s Mirror), one of the first questions that comes to mind is how accurate are these charts? As the technology 

of the times was crude at best, it would be difficult to evaluate his charts by modern standards. However, two 

soundings stand out as indicative of both the relative accuracy of his data and Waghenaer’s integrity.

Pursuing Accuracy

 Figure 1: Waghenaer’s Chart No. 17. It is oriented with North to left. 200 fathom sounding on north wall of Subetal Canyon is to east of Cape Spichel.
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any draughts of the sea-coast is bound in 

conscience, to give a faithful account of the 

manner and grounds of performance, 

impartially pointing out what parts are perfect, 

what are defective, and in what respects each 

are so….” He then went on to describe his 

methodology of measuring a baseline, 

developing a triangulation network, building 

“beacons, or landmarks” over prominent points 

in the network, and then positioning his 

sounding boat by taking intersecting compass 

bearings to these points during sounding 

operations. The weakest link in this 

methodology was the use of compass bearings 

to position the sounding boat. Murdoch 

Mackenzie rectified this situation in 1775 with 

the invention of the station pointer, or as it 

known in the United States, the three-arm 

protractor. This instrument allowed 

hydrographers to plot three-point sextant fixes 

which resulted in horizontal accuracies of less 

than ten metres within the bounds of the 

triangulation scheme. By 1785 George 

Vancouver was able to report regarding his 

survey of the Kingston, Jamaica harbour that, 

“The positive situation of every point and near 

landmarks as well as the situation and extent of 

every Shoal has been fixed by intersecting 

Angles, taken by a sextant and protracted on 

the Spot, the Compasses only used to determine 

the Meridian, and observe its Variation.”

The United States began making contributions 

to the sciences of geodesy and hydrography in 

1807 with the beginnings of the Survey of the 

Coast of the United States. The Swiss 

immigrant, Ferdinand Hassler, was chosen to 

head this embryonic organisation. He combined 

the talents of mathematician, geodesist, 

metrologist, instrument-maker, linguist, and 

even legal expert. Not only had he worked on 

the trigonometric survey of Switzerland, he had 

also served as its attorney general in 1798. 

Hassler procured books and instruments for the 

Coast Survey between 1811 and 1815 and then 

started the field work in 1816. In 1818, a law 

was passed forbidding civilians from working on 

the survey. Hassler retired to a home in western 

New York for the next 14 years until recalled to 

head the Survey again. In 1825, he published 

Papers on Various Subjects connected with the 

Survey of the Coast of the United States in the 

Transactions of the American Philosophical 

Society. This document served as the 

philosophic underpinning of the work and role 

of the Coast Survey. 

The twin themes of standards and accuracy 

permeate the ‘Papers’. The word ‘standard’ is 

used as either noun or verb over 60 times. The 

word ‘accurate’ or its derivative forms have over 

120 occurrences throughout the document. 

These simple words, combined with the 

inherent integrity of Ferdinand Hassler, were the 

foundation of the Survey of the Coast. Hassler 

addressed the concept of accuracy in the 

‘Papers’ with many practical examples of means 

to eliminate or reduce error and thus increase 

the accuracy of the final results of observation 

and measurement. But he made a philosophical 

leap when he stated: “Absolute mathematical 

accuracy exists only in the mind of man. All 

practical applications are mere approximations, 

more or less successful. And when all has been 

done that science and art can unite in practice, 

the supposition of some defects in the 

instruments will always be prudent. It becomes 

therefore the duty of an observer to combine 

and invent, upon theoretical principals, methods 

of systematical observations, by which the 

influence of any error of his instruments may be 

neutralised, either by direct means, or more 

generally by compensation.” The observer must 

also counteract those errors “to which he 

himself is liable in making his observations. 

Without such a method, and a regular system in 

his observations, his mean results will be under 

 Figure 4: Benjamin Peirce. Figure 3: Ferdinand Hassler.

 Figure 2: Section of 1937 bathymetric map of Portugal continental shelf and slope. Rotated so as 
north to left. Comparing to Waghenaer’s 1584 chart, it is apparent that Waghenaer’s 200-fathom 
sounding was on the north wall of what is now called Sutebal Canyon.
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the influence of hazard, and may even be 

rendered useless by adding an observation, 

which would repeat an error already included in 

another observation.”

Two surprisingly modern concepts that Hassler 

addressed were personal bias in the 

observation of physical phenomena and the 

effect of personal comfort, i.e. ergonomics, 

upon the observer’s results. He was among 

the first to take steps to mitigate various 

systematic errors and analyse their causes. 

Further advances in understanding were 

made by Benjamin Peirce, head of Coast 

Survey longitude operations in the 1850s, and 

Charles Schott, the chief mathematician and 

geodesist of the Coast Survey. Their work, like 

Hassler’s, was related to terrestrial positioning 

problems but ultimately this led to more 

accurate nautical charts. 

Peirce began with the supposition that with 

only one observation of a physical quantity, 

that observation must be adopted as the true 

value of the constant. However, “A second 

observation gives a second determination, 

which is always found to differ from the first. 

The difference of the observations is an 

indication of the accuracy of each, while the 

mean of the two determinations is a new 

determination which may be regarded as more 

accurate than either.”

As more and more observations are acquired, 

“The comparison of the mean with the 

individual determinations has shown, in all 

cases in which such comparison has been 

instituted, that the errors of … observation are 

subject to law, and are not distributed in an 

arbitrary and capricious manner. They are the 

symmetrical and concentrated groupings of a 

skillful marksman aiming at a target, and not 

the random scatterings of a blind man, nor 

even the designed irregularities of the stars in 

the firmament. This law of human error is the 

more remarkable, and worthy of philosophic 

examination, that it is precisely that which is 

required to render the arithmetical mean of 

observations the most probable approach to 

the exact result. It has been made the 

foundation of the method of least squares, and 

its introduction into astronomy by the illustrious 

Gauss is the last great era of this science.” 

Peirce continued, “If the law of error embodied 

in the method of least squares were the sole 

law to which human error is subject, it would 

happen that by a sufficient accumulation of 

observations any imagined degree of accuracy 

would be attainable in the determination of a 

constant; and the evanescent influence of 

minute increments of error would have the 

effect of exalting man’s power of exact 

observation to an unlimited extent. I believe 

that the careful examination of observations 

reveals another law of error, which is involved 

in the popular statement that ‘man cannot 

measure what he cannot see.’ The small errors 

which are beyond the limits of human 

perception, are not distributed according to the 

mode recognised by the method of least 

squares, but either with the uniformity which is 

the ordinary characteristic of matters of 

chance, or more frequently in some arbitrary 

form dependent upon individual peculiarities 

-- such, for instance, as an habitual inclination 

to the use of certain numbers. On this account 

it is in vain to attempt the comparison of the 

distribution of errors with the law of least 

squares to too great a degree of minuteness; 

and on this account there is in every species of 

observation an ultimate limit of accuracy 

beyond which no mass of accumulated 

observations can ever penetrate.” 

“A wise observer, when he perceives that he is 

approaching this limit, will apply his powers to 

improving the methods, rather than to 

increasing the number of observations. This 

principle will thus serve to stimulate, and not 

to paralyze effort; and its vivifying influence 

will prevent science from stagnating into mere 

mechanical drudgery....” 

Peirce’s words are at the heart of modern 

hydrographic surveying. With the coming of 

electronic systems, the need to analyse and 

understand sources of error and the limits of 

accuracy of those various systems has been of 

paramount importance. From the early 

twentieth century onward, generations of 

hydrographers have studied the limitations of 

and made improvements to their navigation 

systems and sounding systems. They have not 

‘stagnated’, but instead have concentrated 

their efforts on ‘improving of methods’. One 

wonders what our future ’ultimate limit of 

accuracy’ will be. 

 Figure 6: The three-point sextant fix was the most accurate positioning technique for inshore 
hydrographic surveying for nearly 200 years. Plotting a three-point sextant fix.

This article brings to a close my ten-year run as the history 
editor of Hydro International. It has been an honour to serve 
the hydrographic community. Fair winds and following seas to 
all of you. 
Captain Albert “Skip” Theberge, NOAA Corps (ret.)

 Figure 5: Lead-line sounding, the primary 
means of determining depth up until the early 
twentieth century.
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The charity is an essential part of a well-

developed humanitarian programme responding 

in complex emergencies such as earthquakes, 

volcanoes, floods or tsunamis. Local 

communities are the first responders, national 

governments carry responsibility for action, local 

support systems can be activated, but 

international organisations such as the United 

Nations’ Office for the Coordination of 

Humanitarian Affairs (UNOCHA) can also be 

called on (it is in this third area that MapAction 

usually operates). Whilst located in the UK, 

MapAction has a global reach with a small 

section of volunteers based in the Caribbean 

and representatives in New Zealand, Australia 

and the Middle East. In addition to its work with 

OCHA, the charity also works closely with the 

World Food Programme in Asia Pacific and with 

UNICEF in West Africa. It is also working 

increasingly with regional organisations such as 

the Association of South East Asian Nations 

(ASEAN)’s Humanitarian Assistance Centre 

(AHA).

The rationale and purpose for the creation of 

MapAction was to answer a few critical 

questions posed by the responding aid 

agencies. The provision of real time mapping 

data to assess the scale and scope of the 

disaster and to identify areas most affected 

where the population is most vulnerable remain 

its principal purpose. Ultimately the goal is to 

enable aid resources to be used as effectively as 

possible and maximise the benefit to affected 

communities so their recovery can begin as 

quickly as possible.

When disaster strikes, people’s lives can be 

destroyed within a matter of seconds. The 

challenge for the aid agencies is to know where 

to start. Within hours of an alert, MapAction 

mobilises a team of highly skilled volunteers to 

map the needs of those affected and help 

coordinate the response. Its aim is to help the 

aid agencies, usually through OCHA, to get aid 

to the right places quickly, so lives can be saved 

and suffering minimised. As the situation on the 

ground evolves, MapAction’s analysis helps 

responders understand the changing needs of 

survivors, who may have been displaced by the 

crisis. The mapping is used to coordinate relief 

work and target relief (food, water, medical 

supplies) as effectively as possible. The 

mapping service helps responders understand 

the extent of the emergency i.e. who is doing 

what, where and how they can use their 

resources most effectively. The mapping 

MapAction is a leading humanitarian mapping charity that works through skilled volunteers. Its purpose 

is to provide rapid, on-the-ground mapping to humanitarian aid agencies, in response to a disaster or 

crisis to help save lives and minimise suffering. Since it was established in 2002, it has responded to 

76 humanitarian emergencies which have impacted on the lives of tens of millions of people.

MapAction Brings Response 
to Disasters

Volunteers Working with Geospatial Information to Update Maps

DR BaRBaRa BonD, United Kingdom

 Figure 1: MapAction working in Haiti.
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essentially provides the glue which binds 

together the entire humanitarian response and 

ensures the sound disposition and deployment 

of those other resources.

MapAction usually deploys an initial 2 - 3 

person team, sometimes up to 5, in less than 

48 hours, for up to a 2 week deployment. 

Examples of volunteer deployments include 

both slow and sudden onset disasters, as well 

as complex conflict and population movements, 

of which the following are a few examples:

•	 The	ebola	outbreak	in	West	Africa;

•	 Flooding	disasters	on	4	continents,	the	most	

recent	of	which	was	Peru;

•	 Earthquakes	(e.g.	Haiti	and	Nepal)

•	 Volcanoes	(e.g	Indonesia)

•	 Tsunamis	(e.g.	Sri	Lanka,	Japan)		

•	 Conflict	(e.g.	Syria)

•	 Post-conflict	(e.g.	Sri	Lanka)

In a natural disaster, the situation is generally 

one of recovery. MapAction’s experience in 

Nepal exemplifies this and the type of mapping 

needed. Immediately following the earthquake, 

reported deaths were used as a proxy to identify 

the worst affected areas and building damage 

was used as a proxy of vulnerability and impact. 

This sort of mapping provides a basis for a plan, 

where best to target assessments and where the 

most vulnerable might be in the earliest days. It 

enables a forward direction of the delivery of 

assistance, although always requiring care to 

ensure that the situation is kept under review as 

new information emerges and the picture of 

vulnerability and unmet needs becomes better 

understood. The mapping has to reflect the 

emerging information and this is where GIS 

techniques come into their own.

MapAction has 13 salaried individuals at their HQ 

headed by a Chief Executive and complemented 

by 12 trustees and several other non-technical 

members. It is a uniquely volunteer-driven charity 

with some 85 volunteers, all of whom are 

supported by their employer in both the public 

and private sectors. All the volunteers are highly 

skilled GIS technology professionals in their day 

job: additional training in the nature of 

humanitarian relief work is provided. The 

selection process is rigorous and, to date, the 

charity counts itself fortunate in having more 

applicants than it needs. Over half the volunteers 

are on 24 hour standby to leave their jobs and 

families to deploy to an emergency. All the 

volunteers have arrangements with their 

employers so that, within limits, they can deploy 

at minimal notice. The volunteer pool is regularly 

refreshed and certainly at least annually.

Donors play a critical role each year in helping 

the charity raise approximately GBP1M in 

addition to the funding it receives from several 

institutions, including the UK Government’s 

Department for International Development 

(DfID) and the Netherlands’ Government, to 

ensure it can respond each time it is called on. 

Money is raised through arranging community 

events, encouraging regular gift-aided 

donations,	through	emergency	appeals;	and	two	

of the charity’s own volunteers ran the Marathon 

de Sable in May 2017 and a number of their 

volunteers ran in the London Marathon. 

Ambassadors and advocates help to raise the 

charity’s profile through their own professional 

and social networks. They seek to attract and 

engage other supporters and benefactors. 

MapAction is privileged to have HRH Prince 

Harry as its Royal Patron.

More information
Further information about the charity is available 

at www.mapaction.org or by contacting the 

author by email bbond@mapaction.org 

 Figure 2: Locations where MapAction has been involved.

 Figure 3: HRH Prince Harry and Rachel Alsop discuss maps at Triplex.

 Figure 4: Examples of core maps.
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Calendar Notices
For more events and additional information on the shows 
mentioned on this page, see www.hydro-international.com/
events. Please submit your event online, using https://www.hydro-
international.com/events/submit . We can help you increasing 
awareness for your event. For more information, please contact 
Sybout Wijma, email: sybout.wijma@geomares.nl. 

Surveying the seas
Stay informed with Hydro International – anytime, anywhere

Hydro INTERNATIONAL, the independent and high-quality information source for the hydrographic industry, focuses
on worldwide issues to bring you the latest insights and developments in both technology and management.

• The very latest edition in your inbox
• An archive of back issues at your fi ngertips
• Online access – anytime, anywhere

www.hydro-international.com/onlinemagazine

Sign up for a free subscription 
to the online magazine 
to ensure you have:

www.hydro-international.com/subscribe
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DECEMBER 

AGU Fall Meeting
New Orleans, US

 11-15 December

fallmeeting.agu.org/2017

JANUARY 2018

Least Squares Adjustment 
for Offshore Survey
Newcastle, GB

 15-17 January

www.ncl.ac.uk/sage.cpd/cpd/

lsadjust.php#aboutthecourse

HYPACK 2018
Savannah, US

 16-19 January

hypack2018.com

FEBRUARY

Subsea Expo 2018
Aberdeen, GB

 7-9 February

www.subseaexpo.com

Ocean Sciences Meeting
Portland, US

 11-16 February

bit.ly/osm2018

Arctic Shipping Summit
Montreal, CA

 21-22 February

www.wplgroup.com/aci/

wp-content/uploads/

sites/2/2017/08/MASn7-Agenda_

MKT.pdf

MARCH

Oceanology International 
2018
London, GB

 13-15 March

www.oceanologyinternational.com

Subsea Forum – AOG 
Exhibition & Conference
Perth, AU

 14-16 March

https://aogexpo.com.au/

conference/subsea-forum

Canadian Hydrographic 
Conference
Victoria, CA

 26-29 March

www.eiseverywhere.com/ehome/

index.php?eventid=222640&

MAY

OCEANS’18 MTS/IEEE Kobe
Kobe, JP

 28-31 May

www.oceans18mtsieeekobe.org

OCTOBER

Sea Tech Week
Brest, FR

 8-12 October

www.seatechweek.eu
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telemetry solutions
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interface

High bandwidth
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S2C TECHNOLOGY: COMMUNICATION AND TRACKING COMBINED

 - time, space and cost - saving solutions
 - low power consumption for autonomous operations
 - advanced data delivery algorithms, addressing and networking, remotely confi gurable settings
 - extendable platform with multiple confi guration options: power-saving Wake Up module, acoustic releaser, 

additional sensors, custom solutions, OEM versions available

USBL POSITIONING SYSTEMS

simultaneous positioning and communication - no need 
to switch between positioning mode and modem mode

 - fl exible SiNAPS positioning software
 - reliable data transmissions
 - range: up to 8000 m
 - accuracy: up to 0.04 degrees

UNDERWATER ACOUSTIC MODEMS

reliable data transmissions even in adverse conditions, 
customizable R-series modems, light and compact M-series 
“mini” modems, new S2CM - HS high-speed modem,
special editions for developers, S2C communication and 
positioning emulator - remote access or standalone device

 - range: up to 8000 m
 - depth: up to 6000 m
 - data rate: up to 62.5 kbps

LBL POSITIONING SYSTEMS

highly accurate, precise and stable performance, 
simultaneous positioning and data transmissions

 - fl exible SiNAPS positioning software
 - reliable data transmissions
 - range: up to 8000 m
 - accuracy: better than 0.01 m

UNDERWATER
COMMUNICATION
AND POSITIONING

SOLUTIONS

Ackerstrasse 76,
13355 Berlin, Germany

sales@evologics.de
evologics.de

tel.: +49 30 4679 862 - 0
fax: +49 30 4679 862 - 01

EvoLogics GmbH

Meet us at

OCEANOLOGY
INTERNATIONAL 2018!

13  - 15 March
London, ExCel
Stand C251
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