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Editorial 

 

This edition of the International Hydrographic Review (IHR) is a tribute to Ian 
Halls, the Editor of this review from 2011 to 2019, ending with his tragic  
disappearance. A huge loss for the hydrographic community, and mostly for his 
family and friends. Ian and I met by correspondence in the beginning of 2011, 
when I joined the then International Hydrographic Bureau (IHB), having the Re-
view in my portfolio of responsibilities, Ian handling the first edition as its Editor. 
The Australian Hydrographic Office (AHO) pays tribute to him in the Obituary. 
 
In order to cover Ian's disappearance, I assumed as the Acting Editor of the  
Review for the second edition of 2019. A hard work that was facilitated by a 
number of contributors who provided high-quality articles and notes, responding 
to my call for action. Responses came from hydrographic services, academia 
and industry, reflecting the benefits of cooperation in Hydrography. The first  
article introduces the use of high-density bathymetry for the production of large 
scale ENCs using IHO Standards. It describes the engagement of two Hydro-
graphic Services with stakeholders enhancing safety of navigation in confined 
waters while improving operation efficiency. 
 
Our second article describes a methodology for comparative analysis of regional 
bathymetric surfaces by applying a set of graphical and statistical tools for  
quantitative and qualitative analysis. The methodology demonstrates the models' 
capacity to detect and delimitate new submarine features, when applied to  
delimitation of maritime boundaries and to the definition of the outer limits of the  
continental shelf.  
 
The third article investigates the performance of airborne bathymetric Lidar in 
shallow waters for safety of navigation, covering the "white ribbons" in nautical 
charts due to the limitations of acoustic methods when surveying nearshore  
shallow waters. Data from multibeam echo sounder and from Lidar were com-
pared using IHO Standards with corresponding ENCs, showing the strengths 
and limitations of different technologies. 
 
A fourth article explores the multidimensionality of marine data and possibilities 
for the development of hydrographic services as providers of elements for  
decision makers, including but not limited to safety of navigation. Technology, 
vision and aspirations are the key ingredients that the hydrographic community 
has to focus now as the future will not wait. 
 
These interesting articles are followed by five very attractive notes. The first 
shows how a hydrographic service sharply identified the challenges and opportu-
nities that arose with the new framework for the Standards of Competence for 
Hydrographic Surveyors and Nautical Cartographers. Instead of "refreshing" an 
old program to be submitted to the International Board on Standards of  
Competence for Hydrographic Surveyors and Nautical Cartographers (IBSC), a 
taskforce generated a successfully recognized Category "A" Hydrographic  
Program. 
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A second note highlights the synergies and potential of marine spatial data infrastructures to  
manage data in a centric way, in accordance with standards, to improve data exchanged between 
stakeholders. These principles are as important to safety of navigation as they are for all areas of 
geospatial knowledge.  
 
Our third note presents the experiences and achievements of a branch of a Regional ENC  
Coordinating Center (RENC). The quality assurance and the support to ENC Producers reflects 
the success of this enterprise.  
 
A note from the IBSC Chair stresses the existing cooperation between the IHO and the  
International Cartographic Association (ICA), and the potential to be explored if closer ties are 
sought between the existing commissions and working groups of each parent organization. The 
IBSC Chair identifies several areas that are prone to cooperation in spatial data infrastructures, 
early warning and responses to disasters, nautical cartography, crowdsourced bathymetry,  
education and standards of competence, cartographic heritage and open source geospatial  
technologies. 
 
Our fifth note introduces the technology and the potential of streaming data for marine navigation 
in small boats and recreational mariners. It showcases many advanced capabilities of the  
underlying technology that could be very useful for the broad spectrum of safety of navigation, 
fitting different business models. A cloud-based, open-sourced infrastructure designed for marine 
solutions, flexible and interoperable to embrace the S-100 framework, enabling the integration of 
real-time information. 
 
I take this opportunity to introduce you to the new Editor of the Review, Capt (Ret) Brian Connon, 
Director of the Hydrographic Science Research Center at the University of Southern Mississippi 
(USM) in the United States of America.  
 
Enjoy the reading! 
 

Alberto Costa Neves,  
IHO Assistant Director, Acting Editor 
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A PRACTICAL APPROACH TO THE PRODUCTION OF ENC 
WITH HIGH DENSITY BATHYMETRIC CONTENT 

By A. Sanchez (Australian Hydrographic Office) 
V. Bosselmann-Borsos (Land Information New Zealand) 

A. Di Lieto (CSMART - Carnival Corporation) 
 

 
 

Abstract 
 

 

 
Résumé 

Over the last two years, the Australian Hydrographic Office (AHO) has published 
and maintained Electronic Navigational Charts (ENC) with greater scale and higher 
density bathymetric content than those derived from paper nautical charts. Land 
Information New Zealand (LINZ) is investigating the production of ENCs with high 
density bathymetric content which will likely replace the traditional berthing ENC. 
 

This article describes the approaches adopted by AHO and LINZ to produce such 
ENC using current IHO standards. The article describes also how AHO and LINZ 
engaged with stakeholders to meet the demands of large ships navigating in  
confined waters with small safety margins. 
 

ENCs with greater scale and high density-bathymetric content represent an  
opportunity for Hydrographic Offices to not only enhance safety of navigation  
under normal circumstances in confined waters, but also to potentially expand the 
range of weather and tidal conditions in which safe navigation may be conducted. 

Ces deux dernières années, le Service hydrographique australien (AHO) a publié 
et tenu à jour des cartes électroniques de navigation (ENC) à plus grandes 
échelles et contenant des données bathymétriques à plus haute densité que celles 
issues des cartes marines papier. Le Land Information New Zealand (LINZ) étudie 
la production d’ENC contenant des données bathymétriques à haute densité, qui 
remplaceront sûrement les traditionnelles ENC d’accostage.  
 
Le présent article décrit l’approche adoptée par l’AHO et le LINZ pour produire ces 
ENC en utilisant les normes de l’OHI en vigueur. L’article décrit également la  
manière dont l’AHO et le LINZ se sont impliqués auprès des parties prenantes afin 
de répondre aux contraintes des navires de grande taille qui naviguent dans des 
eaux resserrées avec de faibles marges de sécurité. 
 
Des ENC contenant des données à plus grandes échelles et des données  
bathymétriques à haute densité représentent l’opportunité pour les services  
hydrographiques non seulement d’améliorer la sécurité de la navigation dans des 
eaux resserrées dans des circonstances normales, mais également d’étendre  
potentiellement l’éventail des conditions météorologiques et de marées dans  
lesquelles il est possible de naviguer en toute sécurité. 
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Resumen 

En los dos últimos años, el Servicio Hidrográfico Australiano (AHO) ha publicado y 
mantenido Cartas Náuticas Electrónicas (ENCs) de mayor escala y con un  
contenido batimétrico de mayor densidad que las derivadas de las cartas náuticas 
de papel. Land Information New Zealand (LINZ) está investigando la producción 
de ENCs con un contenido batimétrico de alta densidad, que probablemente  
sustituirán a las tradicionales ENCs de las zonas de atraque. 
Este artículo describe los enfoques adoptados por el AHO y por LINZ para produ-
cir tales ENCs utilizando las normas actuales de la OHI. Este artículo también  
describe cómo el AHO y LINZ se comprometieron con las partes interesadas para 
satisfacer las demandas de los grandes buques que navegan en aguas confinadas 
con pequeños márgenes de seguridad. 
Las ENCs de mayor escala y de contenido batimétrico de alta densidad represen-
tan una oportunidad para que los Servicios Hidrográficos no sólo mejoren la  
seguridad de la navegación en circunstancias normales en aguas confinadas, sino 
que también amplíen potencialmente la variedad de condiciones meteorológicas y 
de mareas en las que se puede llevar a cabo una navegación segura. 
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 1. Why official ENCs with high density bathymetric content? 
In response to IMO ECDIS carriage requirements, many Hydrographic Offices used their paper 
chart series as the source for the relatively quick creation of ENCs. This is why most of the 
ENCs today contain only the standard series of contour lines mirroring the paper chart. The re-
sult is that ECDIS may not display a safety contour that is optimised for a vessel’s draught, thus 
not allowing mariners the ability to clearly identify non-navigable waters and the full extent of 
navigable waters. 

This is where ENC with larger scale and higher density bathymetric content (than any equiva-
lent paper chart) enable ECDIS to fulfil its full potential. This emerging need is driven by the in-
creasing size of vessels in relation to ports and their channels, pressure to maximise use of tid-
al windows, counteract stronger crosswinds or currents, and the consequent reduction of safety 
margins.  
Electronic charts with greater scale and bathymetric content are not a novelty for many ports 
around the world. However, such charts are typically produced in ‘closed’ proprietary formats by 
Port Authorities and are used only by marine pilots on the Portable Pilot Units (PPU). Further-
more, not being official ENC, they cannot be used on ships’ ECDIS. The difference in detail 
available to the Master and Pilot undermines one of the basic principles of Bridge Resource 
Management (BRM) which is the need to share the same mental model of the operation. 
On the other hand, official ENC with greater scale and bathymetric content – equally available 
to both ECDIS and PPUs – can help ships’ crews and marine pilots to be on the same page 
while navigating vessels in confined waters. Use of S-57 / S-63 ENC allows all parties to  
access and use the same information and is the solution preferred by the IHO ENC Working 
Group. 

Before describing the experiences of AHO and LINZ with the planning, production and mainte-
nance of ENC with high-density bathymetric content, it is important to clarify definitions and  
terminology used by the authors. 

2. Definitions and acronyms 
In 2018, the AHO decided to adopt the term High Density bathymetric ENC (HDbENC) to refer 
to an ENC product that includes bathymetry depicted with depth area intervals of 1 metre or 
closer, with the area of coverage generally limited to below the high water line, focussed on a 
physically constrained waterway, and only including relevant infrastructure in or directly affect-
ing that area. The additional bathymetric information is incorporated in the base ENC dataset. 
Under the current IMO ECDIS Performance Standards, this product is suitable to be displayed 
and operated on any type-approved ECDIS and consequently it can be used to fulfil the IMO’s 
chart carriage requirements. 
The AHO specifies that "High Density" refers to a level of detail greater than the norm, which, 
for bathymetry, is generally taken to mean depth contours of 2, 5, 10, 15, 20 and 30 metres 
within the range applicable to surface navigation. Depth contours are therefore considered High 
Density when the interval between them is one metre or closer throughout the depth range ap-
plicable to surface shipping within the depicted area. 

The suffix "Bathymetric" indicates that an ENC has been clipped such that the area of coverage 
is generally limited to below the high water-line and focussed on the bathymetry within a physi-
cally constrained waterway, but still containing all relevant information regarding aids to naviga-
tion and seabed features existing within the area of coverage. The AHO clarifies that HDbENC 
should not be confused with bespoke products – often misleadingly referred to as ‘bENC’ – 
where the additional bathymetric information is provided as a transparent overlay, but is not in-
corporated in the base ENC dataset. Under the current IMO ECDIS Performance Standards, 
this product is not suitable to be operated on all type-approved ECDIS and therefore it cannot 
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be used to fulfil the IMO’s chart carriage requirements. 
In June 2019, the IHO ENC Working Group drafted production and maintenance guidance for 
High Density ENCs (HD ENCs) for inclusion as an annex to IHO S-65 (IHO, 2019). The AHO 
definition has been accepted in full, with only addition of the following sentence: "the product 
may also include more detailed port infrastructure". The IHO ENC Working Group has opted for 
the more general suffix High Density (HD) without the descriptor of the primary content being 
presented (e.g. bathymetric or topographic). The idea is to leave the High-Density concept open 
to either bathymetric or topographic content, or both. 
However, to date, the IHO Hydrographic Dictionary Working Group has not endorsed the new 
acronym and definition of HD ENC yet. 

In this article, the AHO author has chosen to keep the original HDbENC acronym, whereas the 
LINZ author has decided to use the HD ENC acronym. In both cases, the production processes 
described in the article refer to products with high-density bathymetric content only. 

3. AHO experience – Background and Planning 
In 2015 a cruise ship operator engaged in testing – by using a ship simulator – the safety mar-
gins of its 260m long vessels navigating within the 90m wide channel that leads to the Port of 
Cairns (Figure 1). 

 
Figure1: Port of Cairns (Australia) 

 

However, the level of detail shown in the existing ENC (AU5 @ 1:22000) for the Port of Cairns 
was inadequate to assess the narrow safety margins. More resolution in depth contours and 
soundings was needed, and the AHO decided to support this existing project and produce the 
first HDbENC. 
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In 2016, the AHO organised a stakeholder meeting with the Harbour Master, Senior Pilots, a Port 
Surveyor and the AHO’s regional production manager. Stakeholder meetings are a key milestone 
in achieving a mutual understanding before the production of HDbENC starts. Expected quality, 
geographic extent, and frequency of survey data need to be agreed with the Port. 

Today, the AHO requires ports to submit a business case justifying the need for HDbENC and the 
proposed areas. On this basis, the AHO determines the best way to support each port’s request 
and to establish production priorities as necessary. 

In order to produce ‘fit for purpose’ HDbENCs, since 2016 the AHO has invested in training by 
enabling cartographers to attend simulator based ECDIS training together with Marine Pilots at 
Smartship Australia simulation facility. The intention has been to develop a mutual understanding 
between Australasian marine pilots, vessel masters and AHO cartographers on operational and 
cartographic needs based on simulation scenarios. 
The need for larger compilation scales and for more depth contour ranges were often discussed 
with marine pilots. The most important realisation though, was that official HDbENC – available to 
both PPU and ships ECDIS – support effective Bridge Resources Management (BRM) practices 
in confined waters. With HDbENC, marine pilots and ships’ crew can share the same understand-
ing of safety margins (Figure. 2). 

   
Figure 2: Differences in safety margins displayed on HDbENC (left)  

and on Harbour ENC derived from paper chart (right) 
 

The mutual learning gained through simulation training has brought the AHO to define HDbENC 
as a product that: 

 contains significantly denser depth contour ranges (every one metre or closer), 

 are produced from S-44 Order 1 surveys 

 cover dredged areas or congested waters in narrow passages 

 are compiled at scales larger than 1:4000 (the AHO uses 1:2500) 

 require frequent updates when new survey data is available 

In order to update HDbENC within short timeframes the following principles were followed: 

 Product extents should be defined based on specific port survey areas and frequency.  
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For example, if two geographically adjoining areas are surveyed at different times (quarterly 
and twice a year) two different HDbENC cells will be required. 

 Once a HDbENC is produced its limits should change only in exceptional circumstances 
and with the agreement of the AHO. 

 Survey data must completely overlap and exceed the HDbENC coverage area (M_COVR, 
CATCOV=1) by at least 20 metres. This is to simplify the automated generation of depth 
areas (DEPARE) and contours (DEPCNT). 

 HDbENC are maintained by completely replacing its bathymetric content with new survey 
data. Therefore, replacement surveys must exceed the limit of the HDbENC and old survey 
data must not be merged. 

4. AHO experience – Production and maintenance 
The most important and time-consuming stage is the generation of the depth contours and their 
corresponding depth areas. For this task, the AHO used Caris Base Editor tool. 

The first step was to create a bathymetric surface using the survey point data (ASCII) as a 
source. The key parameters used were 1 metre grid and shoalest depth true position.  
The next step was to use Base Editor’s function to automatically draw DEPCNT objects at a pre-
defined interval (e.g. 1 metre) using the bathymetric surface as source. This step was repeated, 
but only to generate what the AHO calls ‘intermediate’ contours, which are depth contours with a 
value based on the maintained depth of any DRGARE that is now covered by the HDbENC (e.g. 
8.7m). This step is included in order to satisfy specific stakeholder requirements, as it was deter-
mined that mariners would probably use these values as they are, to a certain extent, linked to 
the maximum operational depths. 
Once all the depth contours were generated, the AHO used the ‘Safe Laplacian’ algorithm to 
slightly smooth the resulting line work and to reduce the overall "noise", i.e. a large number of 
very tiny and very close isolated depth areas. Bundling together these tiny areas into larger areas 
drastically improves the clarity of display. By using up to 10 iterations of the Laplacian algorithm, 
the horizontal accuracy of the depth contours is affected by up to 2 metres on the ground (see 
Figure 3 and Figure 4). 

  
Figure 3: Difference between smoothing with 0 Laplacian (left) and 10 Laplacian (right) iterations  
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Figure 4: 10 Laplacians in red colour. Loss of horizontal accuracy is, on average, less than 2 metres  

 

‘Tiny deeps’ may be also deleted from the file in order to further declutter the screen. Depending 
on the sea bottom configuration, this step may not be necessary. 
Using the line work prepared before, depth area (DEPARE) objects were automatically created by 
the software. The attributes DRVAL1 and DRVAL2 were auto populated using the DEPCNT val-
ues available in the sequence. This last step is not perfect and manual intervention may be re-
quired to encode DRVAL2 of the deepest deeps with a meaningful value (e.g. if deepest available 
contour was 16m, some deeps were encoded as DRVAL1=16 and DRVAL2=Unknown). There 
were also some problems with the DRVAL1 of the depth areas situated along the boundary of the 
survey, which also needed to be manually populated. 

The last step to finalise the bathymetric component of a HDbENC is to crop (and delete outside) 
the DEAPREs and DEPCNTs using the M_COVR, CATCOV=1 previously supplied by the stake-
holders. Considering that one of the survey requirements was to exceed the product coverage by 
at least 20 metres, this action will automatically create a topologically correct S-57 file. 

A sounding suppression at the distance agreed with the stakeholders was performed and added 
to the file. SCAMIN was populated to soundings so they remain readable as ECDIS and PPU us-
ers zoom out. For the first HDbENC produced, soundings were requested at 50m intervals. 

If at any point in time, Port authorities or the Hydrographic Office suspect that the accuracy of the 
data may have been compromised either by extreme events (such as heavy floods or cyclones) 
or simply when the agreed survey frequency cannot be guaranteed, HDbENC should be can-
celled. The cancellation must be promulgated in advance via the NtM publication for, at least, a 
fortnight. 
Once new survey data becomes available and the HDbENC is re-compiled, it can be re-issued as 
a New Edition (*.000 - Edition n / Update 0). The edition number must be one higher than the edi-
tion number of the cell that was cancelled. 
In all cases, the Hydrographic Office should contact key stakeholders to discuss the situation that 
causes concern and decide on the most appropriate way forward.  



14 

   INTERNATIONAL HYDROGRAPHIC REVIEW                                                                                                                            NOVEMBER  2019 
      

 

5. LINZ experience – background and planning 
In October 2018 ‘Navigation in pilotage waters’ was put on New Zealand’s Transport Accident  
Investigation Commission’s watch-list (TAIC, 2018). This situation has arisen as a result of  
several recent incident investigations that identified that bridge resource management did not 
meet international standards. Miscommunication and a lack of common understanding among the 
bridge management team were recurring factors of these incidents. In November 2018, during the 
New Zealand Maritime Pilots Association conference, the pilotage community discussed how HD 
ENCs could help to achieve a shared mental model among the bridge management team. 
LINZ has been working with the Port of Napier for the past year to develop a prototype of HD 
ENC. The aim is to accurately define non-navigable waters when approaching the harbour as well 
as to improve the use of available manoeuvring space. 
When creating HD ENCs it is critical to achieve high levels of accuracy and completeness in  
areas of minimal under-keel clearance. Completeness, consistency, accuracy and timeliness 
standards need to be defined. Whilst most of these requirements were achieved during the hydro-
graphic survey, which was executed to a specified standard, it is essential that data quality is 
maintained throughout all stages of production of HD ENCs. 
Working in close collaboration with port stakeholders, LINZ learned the importance of ensuring 
the channel width and shape is charted as accurately as possible. This helped cartographers to 
understand the need for higher resolution data and how it will be used for safe navigation in con-
fined waters. The usability of HD ENCs depth contours and soundings during pilotage, as well as 
their display on Portable Pilot Units and ECDIS (with regard to "small" or "angular" contours) were 
discussed during several meetings. 
During stakeholder meetings it was agreed that the HD ENC for Port of Napier would be defined 
as follows: 

 contain significantly denser depth contour intervals – 0.5m 

 contain significantly denser soundings spacing – 30m 

 produced from S-44 Special Order surveys to achieve CATZOC A1  

 cover dredged areas or congested waters in narrow passages 
 for update purposes a fixed boundary is to be defined which will reflect the extents of the 

HDENC 

 compiled at scale 1:2500 

 channel width needs to be retained as best as possible 

6. LINZ experience – production 
LINZ investigated different algorithms at the model level to find the "ideal" process to create  
uncluttered soundings and depth contours that clearly display the boundary between safe and 
unsafe water. The aim was to create an automated process that requires minimal or even no ad-
ditional modifications. 

The current common practice to generate depth contours and to select soundings for charting is 
either by gridding (where only the shallowest point is retained for every cell in a grid) or by  
interpolation (where each cell is assigned a depth that is an inversely distance weighted sum of 
nearby points).  

Both methods produce the shallowest point for each grid cell but they do not guarantee safe  
contours because linear interpolation is used for contour creation. Using this approach with high 
resolution data may introduce topology issues like self-intersections. 
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A new approach to surface smoothing has become available in CARIS Base Editor software. Sur-
face smoothing reduces noise by generalising the elevation model. The smoothing is guaranteed 
to move elevation values upward to maintain navigational safety. 

The goal was to apply sufficient smoothing so that the resulting HD ENC is still safe, uncluttered 
and with correct topology and morphology. The focus was put on specific areas (deeps, shoals 
and channels) which were defined as important for safe navigation. 

Caris Base Editor provides the following surface smoothing algorithms: 

 Laplacian (restrained and cumulative) 

 Rolling Coin and 

 Expand Shoal 

Surfaces smoothed with the Rolling Coin algorithm reduced the complexity of depth contours. 
Shoals are aggregated to larger areas within a distance tolerance, deeps are ignored and channel 
width and shape are preserved. However, contours produced from such an elevation model may 
appear to follow pixel boundaries to some degree and appear with rough edges. 

These rough edges were reduced by applying the Laplacian ‘restrained’ algorithm to the Rolling 
Coin smoothed surface. Only a moderate amount of Laplacian smoothing needs to be applied as 
the majority of noise reduction has already been accomplished by the Rolling Coin algorithm.  

Machine contouring of the Rolling Coin/Laplacian smoothed surface created a lot of tiny shoals 
outside of the Rolling Coin tolerance that required manual intervention as there is no automated 
tool to correctly enlarge them. The manual effort required to edit these shoal contours had a sig-
nificant impact on the time and efficiency of creating the HD ENC.   
One of the goals of the prototype exercise was to establish an automated process for producing 
HD ENCs that require minimal or even no additional manual interventions. The Rolling Coin/
Laplacian approach did not meet this goal. 

The third surface smoothing option in Base Editor, Expand Shoal, can be used to automatically 
enlarge tiny peaks in the bathymetric grid. Choosing appropriate parameters for shoal expansion 
ensures that soundings fit within the derived contours. In Figure 5 the black contour is the result 
of the expand shoal smoothing, as opposed to the blue contour, without expand shoal function. 

 
Figure 5: Result of Caris Base Editor "expand shoal"  functionality  

 

LINZ as found that three steps are required to produce the optimum smoothed surface; firstly the 
Expand Shoal algorithm is applied to the grid which is then smoothed using the Rolling Coin and 
finally the Laplacian restrained algorithm. 
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The next step is the generation of depth contours, which, in HD ENCs, have smaller intervals than 
traditional ENCs. If depth contours have been created based on a re-gridded surface, topology 
issues like self-intersections are likely to appear. To eliminate these problems within HD ENCs, 
depth contours should be generated from the smoothed surface. 

LINZ has identified that choosing the optimum smoothed surface is vital for automated depth con-
tour creation, so that the contours are fit for purpose and do not require further generalisation 
(Figure 6). 

 
Figure 6: Contours based on Rolling Coin smoothing only (left), on Rolling Coin  

with contour generalisation (centre), on Rollin Coin and Laplacian smoothing (right) 
 

Comparing HD ENC contours derived from a smoothed surface, with contours derived from a re-
gridded surface, it is very clear that the channel width and shape have been preserved without 
sacrificing the depth of the channel (Figure 7). 

 
Figure 7: Contours based on re-gridded surface (left) and based on smoothed surface (right) 

HD ENC soundings have been generated from the unsmoothed original surface to force depths to 
be in their true position. This can lead to a few soundings that are deeper than the surrounding 
depth area, but they can be ignored because they are not safety critical. 

LINZ is now investigating how to fully automate the production process for creating a high quality 
and reliable product. A business case will be developed to justify the need for a HD ENC and a 
decision matrix for the prioritisation of requests for HD ENCs from port operators. From experi-
ence, stakeholder engagement will be an important component in the development of future HD 
ENCs to ensure their expectations are met and they understand their role in these products.  

7. Conclusions 
ENCs derived from paper charts were necessary to make possible the transition from paper 
charts to ECDIS navigation. Today’s surveying and cartographic technologies make it possible for 
Hydrographic Offices to enhance the ENC content and deliver products that can meet the de-
mands of navigation of large vessels in confined waters, as well as enabling marine pilots and 
ships’ crew to share the same mental model of the pilotage on Portable Pilot Units and ECDIS. 

After more than one year of testing, process improvement and ongoing discussions with stake-
holders, the Australian Hydrographic Office and Land Information New Zealand have proven that 
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it is possible to fulfil emerging mariners’ needs to incorporate high-density bathymetric content in 
official charting products using existing IHO standards. 
By using appropriate software tools and following well-structured workflows, these complex  
products can be produced, quality controlled, validated and made available to mariners in a timely 
manner using existing distribution channels. 
Meanwhile as IHO S-100 products make their way to the bridge of ships as ‘official’ products, 
ENCs with greater scale and high-density bathymetric content represent an opportunity for  
Hydrographic Offices not only to enhance safety of navigation, but also to "enable" navigation in 
confined waters, thus contributing to develop blue economies. 
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 Resumen 

There are several projects looking for a better way to represent large areas of  
seabed mapping using Digital Terrain Models (DTMs). Nonetheless, the selection 
of a DTM becomes a challenge in which the result should reflect the model with 
the highest quality. Thus, this paper aims to promote the development of a me-
thodology in order to apply a set of graphical and statistical tools capable of  
supporting quantitative and qualitative analysis by the comparison of one surface 
(called LEPLAC Sul) against other DTMs available (as ETOPO1 and 
GEBCO_2014) and against a bathymetric control data derived from hydrographic 
surveys. The outcomes show that LEPLAC Sul has achieved the highest index of 
quality, presenting itself as an efficient reference for further national scientific  
researches of middle scale, like those related to oceanographic and geomorpho-
logical modeling. 

Il y a plusieurs projets qui visent la cartographie des fonds marins et sa représenta-
tion adéquate par les modèles de terrain numériques (MTN). Cependant, parmi les 
différentes options de surfaces marines disponibles, il est connu que le choix du 
MTN doit être basé sur la recherche du modèle de meilleure qualité. Ce travail a 
pour but de promouvoir le développement d’une méthodologie qui vise à l’applica-
tion d’un ensemble d’outils graphiques et statistiques capables d’aider aux  
analyses quantitatives et qualitatives en comparant les surfaces d’intérêt (LEPLAC 
Sul) à d'autres dont l'accès est libre (ETOPO1 et GEBCO_2014) et aux données 
bathymétriques de contrôle dérivés des levés hydrographiques. Les résultats  
montrent que LEPLAC Sul a atteint l'indice de qualité le plus élevé et s'est présen-
té comme référence pour de futures analyses et études brésiliennes à moyenne 
échelle, telles que la modélisation océanographique et géomorphologiques. 

Hay varios proyectos dedicados a investigar la mejor forma de mapear grandes 
regiones del fondo del mar y su representación a través de Modelos Digitales de 
Terreno (MDT). Sin embargo, al elegir el MDT se debe tener en cuenta el modelo 
de mayor calidad. Por lo tanto, este trabajo pretende promover el desarrollo de 
una metodología que utiliza un conjunto de herramientas gráficas y estadísticas 
las cuales auxilian en los análisis cuantitativos y cualitativos, por medio de la com-
paración de una superficie (LEPLAC Sul) con otros MDT disponibles (ETOPO1 y 
GEBCO_2014) y con un dato batimétrico de control recogido de los levantamien-
tos hidrográficos. El resultado de las pruebas demuestra que la superficie batimé-
trica LEPLAC Sul alcanzó los mayores índices de calidad. Así, puede considerarse 
una referencia eficiente para los futuros análisis e investigaciones brasileñas de 
mediana escala, como el caso de los modelos oceanográficos o geomorfológicos 
submarinos. 
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1. Introduction 
In recent years bathymetric data has presented potential use beyond those restricted to safety of 
navigation. It has implied the development of many initiatives focused on seabed mapping ac-
cording to different purposes and scales: global (IHO, 2014; Jakobsson et al., 2017), regional 
(EMODnet, 2018; 2017) and local (LINZ, 2015; NOAA and USGS, 2018), providing more than 
one product for the same geographic area. 
Regarding scientific researches, the availability of accurate bathymetric surface models capable 
of representing underwater features details can be easily observed in numerical models dedicat-
ed to climate and ocean predictions (Gabioux et al., 2013; Lacasce, 2017) or those concerning to 
marine geomorphological analysis (Fernandes, 2010; IBGE, 2011; CPRM, 2003; Szatmari and 
Milani, 2016). Moreover, it is also possible to highlight the relevance of bathymetric Digital Terrain 
Model (DTM) in studies of geological hazards and the extension of national maritime boundaries 
(Chiocci; Cattaneo and Urgeles, 2011; Galvão, 2017; Mohriak and Torres, 2017; Torres et al., 
2008; Lecours et al., 2016; Zimmermann and Prescott, 2018). 

It is, therefore, possible to realize the benefits of the existence of some public DTMs able to near-
ly represent the marine relief in almost a worldwide coverage. Global DTMs examples, such as 
ETOPO1 – 1 arc-minute Global Relief Model (Amante and Eakins, 2009) and GEBCO_2014 – 30 
arc-second Bathymetric Grid (Weatherall et al., 2015) are widely used for geoscientific studies 
over large unmapped features and regional tectonic investigations. 
However, owing to intrinsic characteristics of their construction based on satellite measurements 
with significant imprecision (Macnab and Varma, 2008), those DTMs may not be suitable for 
some purposes, in special those regarding the description of environmental phenomena of large 
scales (Gabioux et al., 2013) or operations involving search and rescue (Mayer et al., 2018). 
These global DTMs usually have datasets with a small number of conventional soundings in con-
trast to the huge contribution of synthetic bathymetry derived from satellite radar (Becker et al., 
2009). 
Nowadays, this is changing with the support of renowned projects like Seabed 2030 (Mayer et al., 
2018) and products as GEBCO_2019 Grid (GEBCO, 2019); although it still requires some steps 
until the complete reversion of this scenario. 
In this context, this paper looks forward to give a special contribution with the selection process 
between bathymetric grid surfaces already available in overlapped areas. The establishment of 
an analytical method helps the definition of which DTM can represent more successfully the ma-
rine seafloor reality. Based on that, the selected bathymetric surface can be considered as a relia-
ble reference for future studies, respecting their projected purposes and assuring their unbiased 
results (Chiocci; Cattaneo and Urgeles, 2011; FAPESP, 2012). 
 

2. Study Area 
The research was developed over a large area of the South Atlantic Ocean, covering 
2,826,385.52km2 inside NAVAREA V/METAREA V. All information in this region regarding the 
safety of navigation remains under the Brazilian responsibility with the International Hydrographic 
Organization (IHO), International Maritime Organization (IMO) and the World Meteorological Or-
ganization (WMO). This region extends from the national baseline to latitudes from 27°S to 37°S 
and longitudes from 025°W to 054°W, as presented by Figure 1a. 
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Figure 1– (a) Location of the study area over the Brazilian nautical chart n°1. (b) Representation of main  
geomorphological features in the region. (c) 3D visualization of seabed. Source: Made by authors. 

 

The bathymetry in this region reaches a significant range of depth (from 0 to 5,900m), with sea-
bed characteristics varying from smooth to complex features (Figure 1c). 
Among their geomorphological components, it is important to highlight the Rio Grande Rise 
(RGR) and the São Paulo Plateau (SPP). Figure 1b shows the RGR, one of the biggest morpho-
logical expressions of the South Atlantic Ocean, reaching 4,000m above the conventional depths 
and more than 3,000km2. It is whittled by the Cruzeiro do Sul Rift (~1,500km), in which the central 
valley is surrounded by 3,500-m high cliffs. This structure is 1,500km offshore the Brazilian South 
Coast, being delimited by the Brazil and Argentina Basins and the Vema and Hunter Channels 
(Galvão, 2017; IBGE, 2011; LEPLAC, 2015). 
 

3. Background 
 

3.1 THE DIGITAL TERRAIN MODELS FOR MARINE REGIONS 
According to Quadros (2012), a great part of interactions by users of bathymetric data deals with 
contour lines and 3D models. The marine Digital Terrain Model (DTM) is a special type of Digital 
Elevation Model (DEM), that can also include some features like breaklines or land mass points 
irregularly spaced which provide a better characterization of the bare terrain (Wilson, 2012; DSG, 
2016). 

Activities related to environmental management frequently demand an entire comprehension of 
the region of interest, and the use of spatially continuous products, such as the bathymetric grids, 
assumes great relevance (Li and Heap, 2014; IHO, 2017). Thus, Macnab and Varma (2008) and 
IHO&IOC (2018), recommend that marine DTMs must encompass the maximum number of quali-
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fied bathymetric data available and preferably those collected through acoustics methods, like 
the multibeam or singlebeam echosounders used in hydrographic surveys (IHO, 2008; DHN, 
2017). The "EMODnet High Resolution Seabed Mapping" (EMODnet, 2018) and the "Seabed 
2030  

Project" (Mayer et al., 2018) are some examples of practices involving the enhancement of  
marine DTMs. 
 

3.2 COMPARATIVE AND EVALUATION TOOLS FOR REGULAR BATHYMETRIC  
SURFACES 
In general, the quality assurance of something is related to the attendance level of planned/
required parameters for some task or purpose. Regarding the DTMs, the EMODnet "Guidelines 
for Metadata, Data and DTM QA/QC" (EMODnet, 2017), made alongside with GEBCO, describes 
that for compatibility of different bathymetric data sources, the usage of quality controls can be 
made by visual analysis over the DTM (only qualitative aspects); by comparisons between the 
original soundings and the DTM created by them; by using the contrast between the DTM and 
external soundings (providing quantitative analysis by residual variances) and also by performing 
vertical and horizontal checks on a specific zone of the DTM. 

Basically, there is no well-established method of quality analysis for small and medium-scale ma-
rine DTMs. Despite of that, there are many studies related to this subject (Marks and Smith, 
2006; Abramova, 2012). It has been verified that comparison and evaluation methods can be di-
vided into two approaches: qualitative (Weatherall et al., 2015; Becker et al., 2009; Amante and 
Eakins, 2009) and quantitative (Wlodarczyk-Sielicka and Stateczny, 2016; Yang et al., 2004), 
even though it is almost impossible to define a comparative tool exclusively by one or another. In 
any of these examinations, it is recommended that the data resulted by the interpolation are not 
trialed against the control data used in the construction of a DTM (IHO&IOC, 2018). Moreover, in 
the beginning, both procedures usually try to classify the bathymetric grid according to the magni-
tude of the measured errors and then compare one surface against the others to verify where the 
major distortions are found. 
 

3.2.1 Control Data 
For the purposes of evaluating the quality of bathymetric surfaces, soundings from hydrographic 
surveys conducted using qualified singlebeam and multibeam echosounders (IHO, 2008; DHN, 
2017) can be adopted as representatives of the seabed reality and assumed as the control data. 
Šiljeg; Lozić; Radoš (2015) pointed out some difficulties for establishing the enough amount of 
control data or the way they have to be exactly distributed. However, it is well known that this  
data should be spatially well distributed and in a consistent amount to deliver reliable statistics  
(Li and Heap, 2014; Olea, 2009). 
 

3.2.2 General Statistics 
The parameters related to the accuracy and precision of the measurements involved in the ana-
lytical process enhances the knowledge about the dataset (Olea, 2009). The validation process 
could be described mainly through the calculation of the Root Mean Square Error (RMSE) and 
the Mean Error (ME). The RMSE represents, on average, how far the observed values differ from 
the assumed true value, while the ME shows if a set of values were underestimated (negative 
ME) or overestimate (positive ME) in regard to the true value (Mukherjee et al., 2012; Patel et al., 
2016). 
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Moreover, De Silveira et al. (2014) and Olea (2009) demonstrate that side by side comparisons of 
statistical parameters from each bathymetric surface is an alternative method to describe some 
population’s characteristics using the measures of location (such as mean, median, and mode) or 
dispersion (standard deviation, variance, extreme values, and other metrics). The maximum and 
minimum dataset values (depths) are also important references to demonstrate trends or correla-
tions among the surfaces (Wlodarczyk-Sielicka and Stateczny, 2016). 
 

3.2.3 Histogram 
In order to use this tool in spatial analysis, it is important to consider the connection between the 
frequency in which some values occur and its geographical distribution along the study area. 
Sometimes, only the statistics illustrated by the histogram is not enough to describe the general 
situation (De Silveira et al., 2014; IHO&IOC, 2018; Yang et al., 2004). 
 

3.2.4 Correlation coefficient and linear regression 
Normally, the comparison between the control data and the DTMs can be done using linear  
regression and correlation coefficient (R). In this case, it is possible to verify where the parame-
ters were estimated by minimizing the mean square error (R2), associated to a linear model (Olea, 
2009). The results represent the proportion of the analytical dependency or the relationship that 
exists between both variables or studied surfaces. The highest R2 value will point out the most 
successful DTM to represent the marine terrain (Khalid et al., 2016; Mukherjee et al., 2012). 
 

3.2.5 Profile Graphics 
It is also possible to compare different overlapped surfaces by using bathymetric profiles  
generated from control data and their respective representation on the DTMs. This kind of 
graphics may reveal some spatial behavior of the dataset relative to the characteristics of the  
marine terrain or some intrinsic issue of the DTM product (Khalid et al., 2016; Patel et. al., 2016). 

In order to present a parameter for the comparisons in this paper, threshold values (maximum 
and minimum limits) were established from the control data. This tolerance was determined  
according to Equation 1, using the Total Vertical Uncertainty (TVU) for Order 2 within a  
confidence level of 95% (IHO, 2008). 

 

   
 

(Equation 1) 
 

3.2.6 Surfaces Difference 
This mathematical instrument provides the detection of spatial discrepancies among the products. 
Although the results are taken from a reference surface, it is possible to observe the importance 
of cross-checking the techniques to create a wider comprehension of the variations within the 
study area. For instance, the connection between the maximum and minimum statistical errors or 
the mean and the standard variation values could provide additional information for analysis 
about the existence of residual obstacles in the bathymetric surface (Wlodarczyk-Sielicka and 
Stateczny, 2016). 

Another way to express the differences between any of two bathymetric surfaces considered as 
the original (as LEPLAC Sul for example) and its new version, updated by a cluster of new  
dataset of soundings (like LEPLAC Sul*), can be calculated through adjustment with Weatherall 
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et al. (2015) equation (Equation 2): 

 
 
  

(Equation 2)  
 

4. Methodology 
The diagram below (Figure 2) shows the main process applied in this research, which has  
adopted the “Recommended Flow”. 

 
Figure 2: Analysis flowchart used in the present study. (Source: Made by authors). 

 
 

The process of “Bathymetric Surface Analysis” starts by the “Definition of Surfaces and the Study 
Area” (Figure 2). The DTMs used for comparison were GEBCO_2014 and ETOPO1’, available in 
the GEBCO website (GEBCO, 2019) and in the NOAA website (NOAA, 2019), respectively. 
Meanwhile, the LEPLAC Sul surface was provided by the Brazilian Continental Shelf surveying 
Project (LEPLAC) only for this study. It remains integrated into the Partial Revised Submission 
made by Brazil to the UN Commission on the Limits of the Continental Shelf (CLCS), in respect of 
the Brazilian Southern Region (LEPLAC, 2015). 
The LEPLAC Sul surface assembles a huge amount of bathymetric data from hydrographic  
surveys executed in order to map the Brazilian coastal region, the Brazilian continental shelf and 
the deep-sea bottom (Figure 3). 
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Figure 3: Bathymetric dataset applied in the construction of LEPLAC Sul surface  
(except the information of SRTM30_Plus). Source: LEPLAC, 2015. 

 
The Table 1 shows the elementary characteristics of DTMs mentioned above. 
 

 
Table 1: Main bathymetric grid attributes.(Organized by authors).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: AMANTE and EAKINS, 2009; LEPLAC, 2015; WEATHERALL et al., 2015  
 

Parameter GEBCO_2014 ETOPO1 LEPLAC Sul 
Spatial 

resolution 
Arc of 1/2’ or 30’’; 

926m 
Arc of 1’; 
1,852m 

Arc of 1.8898’; 
3,500m 

Coverage Global Global Regional 
DTM 

coverage 
90°N to 90°S; 

180°E to 180°W 
90°N to 90°S; 

180°E to 180°W 
27°S to 37°S; 

025°W to 054°W 
Projection Geographic; 

WGS84 
Geographic; 

WGS84 
Mercator; 
WGS84 

Data released December 2014 August 2008 April 2015 
Data 

acquisition 
period 

From 80’ to 2014 From 1993 to 2008 From 1988 to 2014 

Generation by GEBCO NGDC/NOAA DHN 

Interpolation 
methods 

Algo-
rithm“surface”derive

d of Spline and 
scripts “remove-

restore” of Generic 
Mapping Tools Sys-

tem (GMT) 

Algorithm “mbgrid” 
derived of Spline of 

MB-System and 
“rdsample” of GMT 

Algorithm “rangrid” 
derived of Spline of 

GX/Oasis Montaj v8.1 
of Geosoft 
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In order to “Setup the Surfaces” for comparisons through a specific application platform, the same 
reconstruction method was adopted in all surfaces (Figure 2). Focusing on the maintenance of 
the data values and the different resolution cells, the reconstruction of grids was made by the 
nearest neighbor interpolation method. Besides that, it was important to define the same geo-
graphic limits for all overlapped surfaces. These operations were performed though the CARIS 
BATHY DataBASE system, which is widely used by Hydrographic Offices, including the Direc-
torate of Hydrography and Navigation (DHN). And among its applications, the BASE Editor pro-
vided most of the tools used in the steps that involve matchings between grids and control data. 
Because of DHN’s participation in the Crowdsourced Bathymetry - CSB initiative (IHO, 2014, 
2018), the metadata and the raw data of the “Control dataset” remain available in the IHO Data 
Center for Digital Bathymetry (DCDB) (IHO, 2019), as demonstrated in Figure 4. 

Figure 4: Bathymetric control dataset (in blue) collected by DHN and provided to IHO for international  
distribution. Tracking line of “Cruzeiro do Sul”, 2015. Source: IHO, 2019. 

 

The hydrographic survey in Figure 4 was conducted by the Brazilian Navy Ship “Cruzeiro do Sul” 
from 26 March to 27 May 27 2015. The bathymetry collected with a singlebeam EA600 
(Kongsberg) echosounder was processed and the hydrographic survey was classified as Order 2, 
according to IHO Publication S-44 5th edition. The resulting bathymetric surface was named 
RA003-2016. The spatial distribution over the study area, with 5 vertical lines of sounding regular-
ly spaced (222km) and long bathymetric profiles (2,100km) covering from the coast to the deep 
ocean, was also considered for the selection as a control data. 

As soon as the surfaces and the control data were established, the flow diagram leaded to their 
own “Tests” (Figure 2). This step consisted in performing the test tools described on the theoreti-
cal background (items 3.2.2 to 3.2.5), as follow: computing general statistics, calculating  
histograms, making linear regression and verifying the correlation and the determination index, 
and building the profile graphics. 
From the “Sample outcomes" (Figure 2) capable to lead to reliable conclusions about the  
behavior or trends of the dataset, the next step consisted in verifying the “Errors Analysis” (Figure 
2). The IHO-IOC GEBCO Cook Book (IHO&IOC, 2018) describes the quality control as a set of 
procedures used to assure that the products are in accordance with the required standards and 
specifications. Then, one approach over this subject was designed through the establishment of 
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limits or tolerances from the control data. Although the IHO Publication S-44 5th edition does not 
addresses the application of the TUV in DTM analysis, these metrics were applied as presented 
in this publication in order to define some comparison parameters between the DTMs  
(Equation 1). 

The aim of this process consists in finding the bathymetric surface that is able to describe the 
main geomorphological features of the region and presents the lowest values of discrepancy from 
the control data. Achieving this "Final Surface" by "Normal Flow" (Figure 2) would already satisfy 
the objective of this research. However, focusing on continuous improvement of survey  
techniques and bathymetric process capacity, the DTM can still be enhanced through the 
“Recommended Flow” (Figure 2). In this case, the original data can be “Regridded” with the  
control data, making the new surface able to incorporate more qualified information, as well as 
making the interpolation more realistic. Therefore, the "Surface Difference" among the DTMs may 
be used to provide the amount of the main residuals between the products and its spatial location. 
 

5. Results 
 

5.1 GENERAL STATISTICS 
Table 2 presents the global statistics of each marine DTM from this study. The difference 
among the bathymetric grids is verified through the different number of cells of each DTM as the 
result of their spatial resolutions and the negative depths observed in GEBCO_2014 and 
ETOPO1 surfaces, which reached -383m and -281m, respectively. According to the convention 
applied during the process, only positive values were supposed to be found. However, the 
GEBCO_2014 had 994 negative cells and ETOPO1 had 239 negative cells. The LEPLAC Sul  
surface was the only one in which this behavior could not be seen. 
 

Table 2: Global statistics from bathymetric surfaces.(Organized by authors). 
 

 

 

 

 

 

 

 

 
 
                                   
 
In sequence, Table 3 shows the statistical outcomes from the relationship between the bathyme-
tric surfaces and the control data. It is noticeable that the number of samples presents a small 
variation due to the influence of spatial resolution of the grids when in contact with the control  
data. The values of extreme error determine the possible amplitude of errors, indicating the DTM 
LEPLAC Sul as the one showing the highest variation (3,979.2m). The Mean Error (ME) indicates 
that ETOPO1 was deeper on average than the control data, while the LEPLAC Sul was shallower 
on average. The RMSE shows that LEPLAC Sul model was the nearest to the values considered 
as true, while the ETOPO1 was the farthest on average from the control data. 

Parameter GEBCO_2014 ETOPO1 LEPLAC Sul 
Total number of 

cells (N) 3,831,187 956,108 317,092 
Minimum depth 

(m) -383 -281 2 
Maximum depth 

(m) 5,968 5,967 5,911.7 
Range (m) 6,351 6,248 5,909.7 

Mean depth: µ
(m) 

3,665.6 3,668.8 3,676.6 

Standard 
deviation:σ (m) 1,313.9 1,309.3 1,305.5 
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Table 3: Statistical analysis of bathymetric grids and the control data.(Organized by authors). 
 

 

 

 

 

 

 
 
 

5.2 HISTOGRAMS 
The use of histograms allows the comparison of the distribution curves among the different sur-
faces, as well as the detection of extreme values in each product. The graphs in Figure 5a illus-
trate variations of up to 10 times in frequency, with 2,500 occurrences of a same value in 
GEBCO_2014 while the maximum frequency in LEPLAC Sul were 250 events. This difference is 
due to the variation in the number of cells of each DTM under analysis (see Table 2, index "N"). 
Figure 5b demonstrates that bathymetric models GEBCO_2014 (in green) and ETOPO1 (in 
blue) show negative values in depths, while the LEPLAC Sul (black) distribution does not indicate 
depths below 0m. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 
Figure 5: (a) Depth frequency distribution from the analyzed DTMs. (b) Detail of the frequency distribution 

of negative values found in DTMs GEBCO_2014 and ETOPO1. Source: Made by authors. 
 

Parameter RA003-2016 x 
GEBCO_2014 

RA003-2016 x 
ETOPO1 

RA003-2016 x 
LEPLAC Sul 

Number of cells of sample (n) 272,184 271,357 271,234 
Minor error of sample (m) -1,726.8 -1,712.8 -1,750.2 

Maximum error of sample (m) 2,230.2 2,221.2 2,229 
Error range (m) 3,957.1 3,934.1 3,979.2 

ME (m) 0.539 -14.716 8.714 
RMSE (m) 143.971 145.338 140.125 
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Figure 6 presents the histogram of contrast between the depths derived from the DTMs 
and those obtained from the control data (RA003-2016). Figures 6a, 6b, and 6c show the histo-
grams with the distribution of errors between the difference of the depths modeled by the DTMs 
and those derived from the control data (RA003-2016). Thus, the greater the occurrences of error 
values equal to 0m, the more precise the DTM will be. Figure 6b shows the maximum frequency 
range for the LEPLAC Sul with 5,885 occurrences of 1.90m, followed by ETOPO1 (Figure 6c) 
with 4,469 events of 1.20m and finally the GEBCO_2014 which obtained 4,179 measurements of 
3.15m (Figure 6a). In addition, the Figure 6d presents these three overlapping curves, pointing 
out a concentration of events around 0m (errors close to zero meter) according to ME values  
previously obtained (Table 3), with the dispersion form of a Normal Distribution. A brief analysis of 
asymmetry and kurtosis of these curves demonstrates a leptokurtic behavior, which is a more  
vertically concentrated distribution (Olea, 2009). In this sense, it is understood that the higher the 
vertical concentration, the more the DTM will be similar to the control data. 

Figure 6: Histograms of discrepancies between (a) GEBCO_2014, (b) ETOPO1, (c) LEPLAC Sul  
and the control dataset. (d) Overlapping of three curves of error distributions. Made by authors  

 

5.3 LINEAR REGRESSION AND CORRELATION COEFFICIENT 
The graphics in Figure 7 introduce the correlation between the depths calculated from the  
bathymetric DTMs (GEBCO_2014, ETOPO1 and LEPLAC Sul) and the control data  
(RA003-2016). They demonstrate the distribution trend of values and the associated linear  
regression provided the correlation coefficient (or Pearson) and the determination coefficient (R2). 
The correlation presented by all was considered high, as follow: GEBCO_2014xRA003-2016, 
99.519%; ETOPO1xRA003-2016, 99.514% and LEPLAC SulxRA003-2016, 99.544%. The  
proximity of these values confirms the need to apply additional tools to improve the analysis. 
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Figure 7: Correlation and linear regression between the depths of (a) GEBCO_2014, (b) ETOPO1’, (c)  
LEPLAC Sul and the control dataset (RA003-2016). Source: Made by authors. 

 
5.4 PROFILE GRAPHICS 

This profile was plotted from the extreme south of the Brazilian continental shelf (750m deep) 
eastwards offshore, to the deep waters of the Atlantic Ocean (4,500m) over a bathymetric line of 
control data (Figure 8a). Figure 8c details a section of approximately 500km long of the profile. 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
Figure 8: (a) Trackline (in red) and its segments (A, B, C, D) plotted over one line of the control dataset and the 

match of marine DTMs. (b) Bathymetric profiles of three DTMs and the control dataset (in red); (c) The detailed analysis 
in Sector B control data “RA003-2016” (in red), GEBCO_2014 (in green), ETOPO1 (in blue), LEPLAC Sul (in black)  

and the threshold (in yellow). Source: Made by authors. 
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The LEPLAC Sul surface proved to have a smooth tendency in comparison to the other DTMs. 
Moreover, due to the application of parameters of Order 2 from IHO Publication S-44 (IHO, 2008) 
onto Equation 1, it was possible to build the threshold (yellow limits in Figure 8c) from control data 
and realize that LEPLAC Sul owned 71.2% into the tolerance, while the GEBCO_2014 and 
ETOPO1 had 62.4% and 57.4%, respectively. 
 

5.5 DIFFERENCE SURFACE 

Based on the domain of the construction parameters of DTM LEPLAC Sul, in the access to its 
original dataset and the new bathymetry from hydrographic surveys acquired in the region (such 
as RA003-2016), it was possible to use all of the information available to update the bathymetric 
grid. 
Therefore, the "Recommended Flow" presented on Figure 2 was performed by LEPLAC Project 
Team for the construction of a new version of the LEPLAC Sul surface. During this update, the 
addition of new qualified soundings in its interpolation process filled some geographic gaps, im-
proving the spatial resolution of this model from 3,500km to 2,500km, now named LEPLAC Sul*. 
Besides that, it is possible to notice through the application of Equation 2 that the updating pro-
cess resulted in a new grid with approximately twice the number of cells (620,858 units). From the 
number of cells of LEPLAC Sul*, 460,027 cells (74%) remained within the tolerance range of 1% 
of the maximum observed difference (18m). Similarly, 595,722 cells are contained onto the limit of 
5% of the maximum discrepancy, reaching about 95% of total variations. 

 

Figure 9: (a) Difference surface between LEPLAC Sul* and GEBCO_2014. The rectangles (in red and yellow) 
reveal the occurrence of extreme values. (b) Difference surface between LEPLAC Sul* and ETOPO1. The yellow rec-

tangle highlights the maintenance of only that extreme value. (c) Artefact detected in GEBCO_2014  
(red rectangle in Fig.9a). Source: Made by authors. 

The Figure 9a indicates the existence of some points of extreme values located near the 28°S 
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parallel and the longitudes 032°W (yellow rectangle) and 048°W (red rectangle). Unlike the first 
feature mentioned, the event near the coast (coordinates 28°S, 048°W) is only detected on 
GEBCO_2014 surface (red rectangle). This situation was a warning call to a detailed investigation 
in this sector, which is presented by the magnified image (Figure 9c). Being an area located close 
to the Brazilian coast, it was possible to verify the bathymetry records from hydrographic surveys 
performed near this site. In this situation, the existence of a conspicuous element (green) - which 
has a vertical discrepancy of more than 1,500m relative to the surveys taken in this region - was 
not detected. This attested the existence of an artifact in the GEBCO_2014 surface. 
 

6. Discussion 
The adoption of statistical tools capable of describing (graphically and analytically) attributes of 
the behavior of bathymetric surfaces provided an integrated analysis of the results as illustrated 
by Table 4. 

Table 4: Summary of characteristics among the bathymetric grids evaluated.(Organized by authors).  

**SID - Source Identifier Grid.  

Parameter GEBCO_2014 ETOPO1 LEPLAC Sul* 

Spatial resolution 926m 1,852m 
Starts with 3,500m (in 

2015) toward to 2,500m (in 
2017) with improvement 

trend 
Source data  

information and its  
construction’s  

description 

SID** and technical 
report is available to 

public 

Don’t have SID**, 
however its technical 
report is available to 

public 

Contain SID** and a  
technical report, however 
due to CLPC process it is 

not available to public 

Match of errors and 
uncertainty checked 
over the study area 

A median result for its 
profile values (62.4%) 
into the tolerance of 

TUV order 2. Howev-
er, even showing the 
smallest value of ME, 

this model has 
the highest standard 

deviation(σ) of its  
dataset. 

Reaches the lowest 
number of values 
(54.7%) within the 

threshold 
TUV order 2.Presents 
the lowest index of R, 
R2 and the greaters 

absolut values of ME 
and RMSE. 

This profile achieved the 
best adjustment (71.2%) 
regarding the tolerance 

limits stablished from TUV 
order 2. It also presented 

the highests index of R, R2 

and the lowest value of 
RMSE. 

Issues regarding 
source data accuracy 

Contain a sparse 
number of soundings 
data over the study 
area, and the most 
part of altimetry val-
ues were estimated 
by satellite-derived 

gravity data. 
Its quality control was-
n’t capable to detect 
and remove all spuri-

ous data over this 
region. 

It has the lowest num-
ber of soundings data 
in the study area. It 

was basically calculat-
ed 

from satellite-derived 
bathymetry dataset. 

Its quality control was-
n’t capable to detect 
and remove all spuri-

ous data over this 
region. 

With the greatest number 
of soundings over the study 

area, has a good perfor-
mance of internal  

consistency. It was capable 
to detected and  

represented the new  
geomorphologic features. 
Its robust quality control 
was able to identify and 

remove the spurious data 
over the region. 

About artifacts 
Possess some artifi-
cial elements of high 

magnitude. 

The spurious spots 
are present in general 

smooth due to  
satellite data. 

No spurious data was  
detected. 
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The outcomes show that LEPLAC Sul surface reached the highest R (99.544%) and R2 (0.9909), 
as well as the lowest RMSE (140.125m) while the ETOPO1 grid showed the highest RMSE 
(145.338m). The histograms demonstrated the dispersed behavior of GEBCO_2014 and 
ETOPO1 models, reaching the highest values of standard deviation in their bathymetric datasets 
(1,313.9m and 1,309.3m, respectively). The comparison of the bathymetric profiles along with the 
control data proves that the LEPLAC Sul surface reached the highest percentage of its depths 
within the established tolerance (71.2%), higher than GEBCO_2014 and ETOPO1 models. In ad-
dition, it is noteworthy that the GEBCO_2014 and ETOPO1 bathymetric models registered unex-
pected depths for the study area (presence of artifacts and negative depths), while LEPLAC Sul 
surface was the only one without this kind of behavior. Therefore, although LEPLAC Sul surface 
does not have the highest spatial resolution grid, it stands out for the highest number of argu-
ments to support its superior quality when compared to other DTM assessed in this study. 
 

7. Conclusion 
The DTM quality analysis will always be connected to its purpose. In this study, the processed 
data was evaluated under a qualitative and quantitative perspective focusing on the definition of a 
bathymetric surface as consistent as possible with the objective of making it able to be used as a 
reference to future regional research, in the scope of ocean modeling and marine geomorpholo-
gy. 
Although some global seabed DTMs, such as GEBCO_2014 and ETOPO1 models, have spatial 
resolutions greater than 1km, it is possible to notice the demands of several countries for more 
detailed DTM, as well as the need for a greater reliability on the measurements. Thus, it is not a 
rule that the greater spatial resolution will result in a surface with best quality. This analysis shall 
consider as many parameters as possible in order to completely understand the relationship  
between the mathematical modeling and the reality of the represented terrain. 
Therefore, in this study we developed a methodology applying a series of comparative analysis 
allowing the assessment of the main characteristics of each DTM. In addition, such methodology 
stands out for the capacity of adopting multiple tools, allowing a conjugated and robust approach 
over the subject. This method can be improved and applied in other areas of interest, expanding 
the evaluation procedure to other DTMs and other regions of the world. 

Finally, among the verified models, the LEPLAC Sul surface demonstrated its precision by 
achieving good quality index and its detection and delimitation capacity of new submarine fea-
tures. In this way, it is expected that it will be useful as a reference for further scientific research-
es, as well as tasks focusing on the delimitation of maritime boundaries and on the definition of 
the outer limits of the continental shelf, according to Art.76 of UNCLOS. 
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VERTICAL ASSESSMENT OF LIDAR BATHYMETRY 
By M. Leger , J. Gong, I. Church  (University of New Brunswick, Canada) 

 
 

Abstract 

 
Résumé  

 
Resumen 

Validation of Airborne Light Detection And Ranging (LiDAR) Bathymetry (ALB) is 
necessary for the production of nautical charts to fill coastal charting gaps and to 
quickly and accurately measure shallow dynamic seafloors. Previous assessments 
concentrate on the validation of ALB data within overlapping regions of Multibeam 
Echo-Sounder (MBES) data. This paper presents new coverage environments to 
the MBES overlap validation method, and proposes an alternative method for  
comparison between ALB data and ENC vector information. Analysis of the valida-
tion methods favour comparisons using overlapping MBES data; however, the 
overlap of ALB and ENC information provides an additional assessment method 
with substantial overlapping regions. The ENC comparison proves to be useful at 
locations where MBES data is absent and in the assessment of chart adequacy. 

La validation des données bathymétriques issues de levés LiDAR (Light Detection 
And Ranging, en français : détection et estimation de la distance par la lumière) 
aéroporté (ALB) est nécessaire pour la production de cartes marines afin de  
combler les trous dans la cartographie côtière et de mesurer rapidement et effica-
cement l’évolution des planchers océaniques peu profonds. Les évaluations précé-
dentes étaient axées sur la validation de données ALB au sein de régions où des 
données issues de sondages acoustiques multifaisceaux (SMF) se chevauchaient. 
Le présent article présente les nouvelles conditions de couverture de la méthode 
de validation par recoupement des données SMF, et propose une méthode  
alternative de comparaison entre les données ALB et les informations vectorielles 
des ENC. L’analyse de ces méthodes de validation favorise les comparaisons  
utilisant le recoupement des données SMF ; toutefois, le recoupement de données 
ALB et ENC fournit une méthode additionnelle pour les régions comprenant  
d’importants chevauchements. La comparaison d’ENC s’avère utile à des endroits 
où il n’existe pas de données SMF et pour l’évaluation de l’exactitude de la carte. 

La validación de la batimetría mediante la detección y el alcance de la luz  
aerotransportada (LiDAR – Light Detection And Ranging) es necesaria para que la 
producción de cartas náuticas complete los vacíos de la cartografía costera y mida 
con rapidez y precisión los fondos marinos dinámicos poco profundos. Las evalua-
ciones anteriores se concentran en la validación de los datos ALB en el seno de 
las regiones de solapamiento de los datos de la Ecosonda Multihaz (MBES). Este 
documento presenta nuevos entornos de cobertura para el método de validación 
mediante el solapamiento MBES, y propone un método alternativo para la compa-
ración entre los datos del ALB y la información vectorial de las ENCs. El análisis 
de los métodos de validación favorece las comparaciones utilizando los datos de 
solapamiento  MBES; sin embargo, el solapamiento de la información ALB y ENC 
proporciona un método de evaluación adicional con importantes regiones de sola-
pamiento. La comparación de las ENCs resulta útil en los lugares en que no hay 
datos MBES y en la evaluación de la idoneidad de las cartas.  
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1. Introduction 
National hydrographic offices are mandated to guarantee safe navigation across their marine ter-
ritories through the production of quality nautical charts (Fisheries and Oceans Canada, 2017). 
Conventionally, the acoustic-based technologies, such as multibeam echosounder (MBES) sys-
tems, have been primarily relied on in nautical chart production. However, these conventional 
technologies have also displayed a critical limitation in extending bathymetric coverage towards 
nearshore shallow waters, where ship accessibility has been restricted due to ship draft and com-
plexity in seafloor terrain (Scharff, 2007). This inaccessibility during a hydrographic survey has 
traditionally resulted in uncharted nearshore regions, also widely known as “white ribbon” gaps, 
persisting on nautical charts (Kotilainen & Kaskela, 2017). Uncharted extents on nautical charts 
raise a potential risk for the mariner to encounter ship accidents with shoals near these uncharted 
areas. To address this limitation, Airborne Light Detection And Ranging (LiDAR) Bathymetry 
(ALB) progressively emerges as a promising alternative to acoustic-based technologies in map-
ping coastal regions, considering the capability of ALB to fill in those “white ribbon” gaps. Still, the 
credibility and reliability of ALB in nautical chart production requires further validation for broad 
acceptance. It is, therefore, worth investigating the performance of ALB in shallow water bathym-
etry for navigational safety (Saylam, Hupp, Averett, Gutelius, & Gelhar, 2018).  
 
In this paper, qualitative and quantitative systematic approaches that include adapting a widely 
accepted surface differencing method for the assessment of vertical accuracy between ALB and 
MBES, are adopted for the Atlantic Canada region and additionally adapted for comparisons be-
tween ALB and published Electronic Nautical Charts (ENC). An evaluation of ALB datasets using 
hydrographic survey standards prescribed by the Canadian Hydrographic Service (CHS) and In-
ternational Hydrographic Organization (IHO) is presented, along with a method for identifying are-
as of ENC inadequacy. 
 
2. Study Area 
Data sources for the comparison were provided by CHS, covering a range of environments  
including rocky and slopped seafloor regions from Grand Manan (GM), New Brunswick; and  
Mahone Bay (MB), Nova Scotia to consistent flat seafloor composition seen in Pictou (PI), Nova 
Scotia. (See Figure 1). The datasets for each location included coastal MBES surveys completed 
by the CHS, overlapping ALB data sets provided to the CHS by contractors, and official CHS 
ENCs. Table 1 lists the datasets and each corresponding metadata, including coordinate  
systems, data types, and data collection methods such as instrument used and data collected. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Geographic Location of the Provided Datasets 
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Table 1 – Study Area Data Sources  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
3. Background 
Previous research has been completed on developing processes to validate, examine accuracies 
and  
investigate applications and weaknesses of ALB for integration into nautical charting products and 
limitations of ALB, such as Pastol (2011), Imahori et al. (2013), and Costa, Battista, & Pittman 
(2009). Scharff, 2007, specified and highlighted the advantages of ALB for providing depth infor-
mation at locations difficult for multibeam sonar to access, lists environmental factors as a limita-
tion to ALB technology, and indicates plans to perform comparative analysis for establishing ALB 
as a useful survey tool  
 
Many techniques for comparative analysis between ALB and multibeam echosounder (MBES) 
data are described in Imahori et al. (2013) and Pastol (2011). Both references contain many simi-
lar comparisons and validation methods of the depth component between ALB and MBES refer-
ence surfaces. Imahori et al. (2013) focuses on four coastal areas of the United States that have 
different seafloor compositions. Surface difference comparisons conclude that three of the four 
study areas have a comparable agreement to one another. The fourth study area “Pensacola” 
contains a significantly larger standard deviation much greater than the 0.4 metres consistency 
reported between the other three areas. Imahori et al. (2013) suggest that this area contains more 
turbidity, which may have been a factor resulting in this larger standard deviation. Pastol (2011) 
contains a similar analysis along two coastal regions of France. Study areas include an area fa-
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vorable for conducting surveys with clear water properties and another area encompassing a tur-
bid and rugged coastline. Surface differencing results between the ALB and MBES surfaces are 
at a comparable level of 0.3 metre at standard deviation to the result of 0.4 metres reported by 
Imahori et al. (2013) at the 2 sigma level.  
 
Costa, Battista, & Pittman (2009) offered a comprehensive combination of methods for comparing 
between the ALB and MBES datasets, despite the focus on benthic habitat mapping, rather than 
nautical charting. Bathymetrically, to check their discrepancy in depth against International Hydro-
graphic Organization (IHO) allowable vertical uncertainty, a pixel-to-pixel subtraction was per-
formed between the ALB and MBES derived raster surfaces, with both being preprocessed to be 
at identical spatial resolutions. 
 
Pastol (2011) compares ALB laser measurements directly to MBES measurements. Similar  
magnitude values for the standard deviation is observed with a value of 0.3 metres. There are 
however some discrepancies greater than reported 0.3 metres at specific locations, such as close 
to piers. These depth discrepancies are suggested to be caused due to properties of an ALB la-
ser that returns values from a spot at the top of a pier as opposed to the actual seafloor value that 
a MBES would return. 
 
A shoal detection method described in Masetti, Faulkes, & Kastrisios (2018) investigates discrep-
ancies between ENCs derived depths, and a MBES survey derived depths, through interpolation 
of S-57 ENC hydrographic feature layers. S-57 layers are standard data formats established by 
IHO, and abided by hydrographic offices across the globe for the transferring and sharing of data 
sources, such as an ENC, to mariners, and other hydrographic offices. An ENC is an electronic 
form of a chart composed of several of these S-57 layers (UK Hydrographic Office, 2019). Masetti 
et al., (2018) utilized a selection of the ENC S-57 layers including the depth soundings 
(SOUNDG), depth contours (DEPCNT), and coastline (COALNE) layers to create a triangulated 
irregular network (TIN). A TIN in general, “consists of a network of irregular triangles generated by 
connecting the nodes of a dataset in a way that guarantees the absence of intersecting triangle 
edges and superposed triangle faces, but also ensuring that the union of all the  
triangles fills up the convex hull of the triangulation…” (Masetti, Faulkes, & Kastrisios, 2018). The 
TIN is then compared with MBES depths through several algorithms to detect potential discrepan-
cies between the data sources as areas the MBES soundings report shallower than reported on 
the ENC. The study did not consider ALB depths. 
 
The results from the previous comparisons of ALB and MBES show consistency in the magnitude 
of the vertical differences. However, these studies have been limited to a handful of study areas 
using only a few ALB sensors and comparative methods. To improve and establish ALB as an 
effective survey tool, analysis is required over a range of sensors, locations, and exploring  
alternative methods (Imahori, et al., 2013).  
 
 
4. Methods 
ALB vertical accuracy is quantitatively assessed by estimating the difference in depth between 
ALB datasets and a dataset assumed to be the baseline, and then comparing the estimated depth 
difference with respect to the maximum allowable vertical uncertainty, as prescribed by IHO’s and 
CHS’ allowable vertical accuracy for hydrographical surveys (Figure 2). Considering data availa-
bility at a specific location, the baseline dataset is MBES depth rasters, as investigated in other 
studies, or depth rasters interpolated from ENC layers, as an extension of the MBES to ENC 
shoal detection method described in Masetti, Faulkes, & Kastrisios (2018). Therefore, the assess-
ment is realized through surface-to-surface comparison with MBES dataset and ENC surfaces.  
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Figure 2– Survey order levels  
 

 
The depth raster datasets for ALB and MBES were imported into Caris Base Editor. Datasets that 
were provided in Caris Spatial ARchive format (CSAR) were directly imported; however, those not 
provided in this CSAR format were imported to Caris Base Editor through the Import Wizard as 
XYZ files. Difference statistics between MBES with respect to ALB surfaces were calculated for 
each area using the Surface Differencing tool in Caris Base Editor. For consistency in compari-
sons, ALB was always subtracted from MBES or ENC derived surfaces, and all depths were  
positive down. Difference CSARs were exported to GeoTiff raster for processing with ArcMap to 
analyze depth differences at each node with respect to First Order, Special Order, and Exclusive 
Order from Figure 2. By using the Total Vertical Uncertainty (TVU) equation (International Hydro-
graphic Organization (IHO), 2008) and the MBES depth, a surface containing the allowable  
uncertainty for each node was computed at each survey order and was compared with difference 
surfaces referred to as “pass and fail” surfaces. A pass-fail surface determines areas that are  
inside and outside of the allowable uncertainties associated at each survey order based on the 
depth at the node. These surfaces were created for comparisons of MBES and ENC with respect 
to ALB. Figure 3 shows the model used to compare the depth difference values with survey order 
uncertainties. First the “a” and “b” values (see Figure 2), and depth value from the MBES or ENC 
surface were used as input into the calculation that used the TVU equation to determine the  
allowable uncertainty at each node. The calculation result created an allowable uncertainty raster 
created by replacing the depth value at each node with an absolute allowable uncertainty for that 
specific depth. This raster was then used to compare each node of the depth difference surface to 
evaluate whether the corresponding node from the depth difference surface was within the value 
from the allowable uncertainty raster. If the value was within the allowable uncertainty, the node 
was assigned a value of 1, and if it was not within the allowable uncertainty, a value of 0 was  
assigned to create a new surface to represent regions where depth differences meet the allowa-
ble uncertainties. Statistical analysis was conducted through Matlab to compare difference values 
of MBES and ENC datasets with respect to ALB. Statistics for each dataset, including the mean, 
median, and standard deviation at the one and two sigma levels were computed and compared 
with survey orders uncertainties.  
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Figure 3- Depth comparison model 

 
 
Adopting the methodology for creating a TIN provided by Masetti, Faulkes, & Kastrisios (2018), 
an ENC derived depth surface was created for comparison to ALB. The TIN was generated in 
Caris Base Editor through selection and creation of a HOB file containing the ENC depth contours 
(DEPCNT) and ENC soundings (SOUNDG) layers. This HOB file was created through a Select by 
Feature Acronym and by exporting the selection to a HOB file. TINs for each ENC from Table 1 
were created using this HOB file (see Figure 4). TINs included Delaunay triangles which passed 
through land features that required removal, as these provide false depth values. Using the Arc 
Map Model Builder process that uses a land feature polygon to cut out overlapping regions from 
the interpolated surface, all falsely interpolated values that appear over land were removed. This 
process is illustrated through a flow chart and images in Figure 4.  
 

 

 

 

 

 

 

 

 

 

 

 
Figure 4 - ENC layers to depth raster  
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Figures 5 and 6 illustrate the process followed for comparisons and analysis of MBES and ENC with 
ALB, respectively.  

 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 

Figure 5  MBES processing and anaylysis  
with respect to ALB    

Figure 6  ENC processing and anaylysis  
with respect to ALB 
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5. Results 
MBES vs ALB Comparison 
Depth Differencing using MBES as a baseline in Pictou, and Mahone Bay NS show that over 
90% of depth differences fall within the allowable uncertainty at each node for First Order survey 
(see Table 2). A pass and fail map shown in Figure 9 describes areas that are within First Order 
survey standards. Blue areas represent regions in Pictou that do not conform to the survey stand-
ard requirements, in this case, the First Order level. Closer investigation of satellite images in 
these areas suggests that dense under-water vegetation may have been an affecting factor for 
the ALB to penetrate through to the seafloor in Pictou (Kuus, Hughes Clark, & Brucker, 2008). 
Figures 11 and 12 profile graphs illustrate this possibility by ALB (red) depth values  
reporting much shallower than the MBES (blue) derived depths. In Mahone Bay difference values 
that are not within survey First Order uncertainties correspond to the blue areas in Figure 10.  
Local inspection through profile analysis show ALB (red) reporting depths with magnitudes of up-
wards to 2 metres deeper than the MBES (blue) reported depths (see Figure 11 and 12). The red 
box over the left tail of the difference histogram in Figure 8 shows that ALB is reporting depths 
that are statistically deeper than MBES approximately 8% of the time. This is of concern for safe 
navigation as if the ALB depths were to be incorporated directly into navigational products; this 
deep bias could lead to vessel accidents where published depths on navigational product are  
incorrect. 

Table 2 - Percentages of Depth Difference within each Survey Order 

 
 
 

 

Figure 7-Pictou, NS MBES Histogram of Depth Differences compared with Survey Orders 

Location Technol-
ogy 

PASS Percentage 

Order 1 
PASS Percent-

age SO 
PASS Percent-

age EX 
GM ENC 17 8 5 
MB ENC 31 16 10 

MB MBES 91 52 27 
PI ENC 61 32 19 

PI MBES 95 89 79 
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Figure 8-Mahone Bay, NS MBES Histogram of Depth Differences compared with Survey Orders 

 

    
 

Figure 9 and 10-MBES Pass/Fail Map at First Order (left Mahone Bay, NS, right Pictou, NS)  
 

 
Figures 11 and 12-profile analysis (Depth is positive down, MBES shown in Blue,  

and ALB shown in red left Pictou, NS, Right Mahone Bay, NS  
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An additional finding with the Mahone Bay dataset was visible systematic flight-line patterns in the 
ALB dataset. Figure 13 illustrates a systematic bias in each flight line that can be correlated to the 
skew noticed by the histogram in Figure 8.  
 

 

 

 

 

 

 

 

 

 

 
Figure 13- ALB Flight lines at Mahone Bay, NS 

 
ENC vs ALB Comparison 
The ENC surface contained a significantly larger amount of overlap with ALB than compared to 
the MBES surface, as expected (see Figures 14 and 15). Although a larger amount of coverage 
was provided, the depth differences reported only 61% to be within the First Order for Pictou, 
31% for Mahone Bay, and 17% for Grand Manan (see Table 2). Figures 16 illustrate the per-
centages for each location in blue that were within First Order uncertainties. Simplified cartog-
raphy data were interpolated to a surface for comparison with high-density ALB surface leading to 
a conclusion that the TIN interpolation using depth contour, and depth sounding layers, does not 
represent the detailed seafloor between the depth values. While this result is expected, the power 
of the comparison methodology is in shoal detection. The region outlined by the red boxes in of 
the histograms of Figure 17, 18 and 19 show that 23%, 25% and 43% for the locations Pictou, 
Mahone Bay, and Grand Manan respectively have depth differences between ALB and ENC larg-
er than the allowable First Order survey level with ALB reporting depths shallower than the 
ENCs . These regions signify where chart updates and further investigations are required to en-
sure safe and accurate depths are shown on navigational products.  
 
 
 
 
 
 
 

 
 

 
 
 
 

 
 
 

Figure 14 and 15-ENC overlap with ALB compared with MBES and ALB overlap  
(left Pictou, NS, right Mahone Bay, NS) 
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Figure 16- Area within first order accuracies from ENC  

 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17- ENC Grand Manan, NB Histogram of Depth Difference between ENC and ALB Surfaces 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

Figure 18- Mahone Bay, NS Histogram of Depth Difference between ENC and ALB Surfaces 
 
 

43% 

25% 
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Figure 19- Pictou His-
togram of Depth Dif-

ference between ENC and ALB Surfaces 
 
6. Conclusions 
Vertical depth differencing comparisons between ALB and MBES datasets provided a good 
agreement for Pictou and Mahone Bay locations, with over 90% of depth differences within the 
allowable uncertainties of the First Order Survey Level. Results in areas with pronounced natural 
seafloor attributes, such as vegetation in Pictou and slopped areas from Mahone Bay, deviated 
from this high percentage of agreement with most differences in these areas well outside of the 
allowable uncertainty ranges.  
 
The use of ENCs was explored to interpolate a surface for comparison and assessment of ALB 
datasets. This comparison produced the poorest statistical results of all the vertical comparison 
methods, mainly due to how the surface was interpolated for the ENC layers. The ENC depth dif-
ference and assessment with ALB did, however, highlight areas to consider for ENC chart up-
dates, providing an efficient means of focusing ALB data assessment and processing.  
 
In summary, the most effective method for vertical assessment of ALB datasets is depth  
differencing with MBES datasets, but the comparison results vary greatly by region. The techno-
logical limitations of ALB are highlighted in areas of dense seafloor vegetation (Pictou) and steep 
slopes (Mahone Bay), but the efficiency gains are clear, especially in relatively flat, shallow areas 
(Pictou). Comparisons with ENCs provides an additional method for assessment,  which may 
prove especially useful in locations where MBES datasets are not available or where focused da-
ta processing areas need to be identified for chart updates.  
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MULTIDIMENSIONAL MARINE DATA: 
THE NEXT FRONTIER FOR HYDROGRAPHIC OFFICES 

By R. Ponce (Mexican Naval Academy) 
 

 
Abstract 

Résumé 

 

 
 
Resumen 

Hydrographic offices today exist in a world of accelerating technological change 
that is influencing human behavior, creating new needs and ways for exploiting 
data to understand our world. Hydrographic offices have traditionally been the  
producers of nautical information for safety of navigation. By the end of the 20 th 
century, with the appearance of the IHO S-57 Standard, their main challenge was 
to evolve into a central database production system. Now, the main challenge and 
opportunity is to evolve from there into a true geospatial agency, developing a  
hydrospatial information system capable of providing products and services for 
multidimensional analysis and decision-making through apps and web browsers at 
the "speed of trust." The technology to do this is there; it is a matter of vision and 
desire to move toward the next frontier. 

Les services hydrographiques évoluent aujourd’hui dans un monde où les change-
ments technologiques s’accélèrent, influençant le comportement humain, créant de 
nouveaux besoins et de nouvelles manières d’exploiter les données afin de  
comprendre notre monde. Les services hydrographiques sont les traditionnels  
producteurs des informations nautiques aux fins de la sécurité de la navigation. A 
la fin du 20ème siècle, avec l’apparition de la norme S-57 de l’OHI, leur principal défi 
était d’évoluer pour devenir un système central de production de base de données. 
A présent, leur principal défi et opportunité est d’évoluer de ce rôle pour devenir 
une véritable agence géospatiale, en développant un système d’informations  
hydrospatiales capable de fournir des produits et services aux fins d’analyse multi-
dimensionnelle et de prise de décision via des applications et des navigateurs web 
à la « vitesse de la confiance ». La technologie pour relever ce défi existe, c’est 
donc une question de vision et de volonté d’avancer vers la prochaine frontière. 

Los Servicios Hidrográficos existen hoy en día en un mundo de cambios tecnológi-
cos acelerados que están influyendo en el comportamiento humano, creando  
nuevas necesidades y formas de explotar los datos para entender nuestro mundo. 
Los Servicios Hidrográficos han sido tradicionalmente los productores de informa-
ción náutica para la seguridad de la navegación. A finales del siglo XX, con la  
aparición de la Norma S-57 de la OHI, su principal desafío fue evolucionar hacia 
un sistema central de producción de bases de datos. Ahora, el desafío y la oportu-
nidad principales son evolucionar hacia una verdadera agencia geoespacial,  
desarrollando un sistema de información hidroespacial capaz de proporcionar  
productos y servicios para un análisis y una toma de decisiones multidimensiona-
les mediante  aplicaciones y navegadores web a la "velocidad de la confianza". La 
tecnología para hacerlo está ahí; es una cuestión de visión y de deseo de avanzar 
hacia la próxima frontera. 
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1. Introduction 
Hydrography - from the International Hydrographic Organization (IHO) S-32 Hydrographic  
Dictionary (IHO, 2019a) - is defined as follows: "Hydrography is the branch of applied sciences 
which deals with the measurement and description of the physical features 
of oceans, seas, coastal areas, lakes and rivers, as well as with the prediction of their change 
over time, for the primary purpose of safety of navigation and in support of all  
other marine activities, including economic development, security and defense, scientific  
research, and environmental protection". 
 
From this definition, it is clear that there are several opportunities for hydrographic offices (HOs) 
to grow without diminishing their fundamental responsibility for safety of navigation. All those are-
as of influence mentioned in the definition, arranged and organized together (but not mixed), 
where time and space are fundamental, constitute what we can call a hydrospatial information 
system (HIS), the "water" version of what would be a geospatial information system on land. It is 
a system of systems in which a nautical information system, a bathymetric information system, 
and an oceanographic information system (and any other type of required system) coexist and 
complement each other, acting as multiple and integrated systems of record and enabling a sys-
tem of engagement with a large community to collaborate, analyze, and understand the hy-
drospatial environment and make evidence-based decisions.  
 
This paper addresses how a hydrographic office, or HO (a generic term to refer to the authorita-
tive agency of a country in charge of hydrographic data and related activities), similarly to its 
counterpart mapping agency on land, can evolve into a (geospatial) hydrospatial agency by or-
ganizing and exploiting its data assets in many different ways, taking advantage of multidimen-
sional analysis technology by creating a hydrospatial information system. In doing so, this paper 
is divided into three main areas of influence in which the use of hydrographic data is fundamental 
for HOs success: 
 

- The marine environment, complementing the ocean sciences, to understand the physical, 
chemical, and biological properties of our ocean and its relationship with the rest of the 
planet 

- The blue economy, contributing to the sustainable development of countries and regions 
through safe, secure, and efficient maritime activities such as e‑navigation, offshore ener-
gy, port construction and operations, and aquaculture  

- Safety and security, defining sovereign rights of nations to protect their waters and activities 
taking place within, enabling armed forces and law enforcement agencies to plan and de-
ploy their forces with the appropriate information for contingency management, search and 
rescue, environmental protection, and naval operations. 

 
For that, we will discuss some examples of how hydrographic data organized in an HIS (Figure 1) 
contributes to activities within the three main areas mentioned above and their impact - in other 
words, how hydrographic data helps in understanding the marine environment, supports opera-
tions such as shipping and law enforcement, and contributes to determine maritime limits and 
boundaries that are subject to different jurisdictional rights. 
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Figure 1. A Hydrospatial Information System for Multi-dimensional data 
 
2. A Hydrospatial Information System and the Marine Environment 
 
Realizing information from underwater acoustic signals 
Perhaps the most important data asset that a hydrographic office possesses is bathymetry. This 
capricious measurement takes a lot of effort and dedication to collect - in the old days, with me-
chanical methods such as rods and lead lines, and later, indirectly with sound, laser, and imagery. 
At the end of the day, the final result is a number in a location at a time. In the beginning, there 
were a few of those numbers; today, there can be billions. But regardless of how many, the main 
purpose of these numbers was to populate a navigational chart product. Collecting bathymetry for 
chart production can thus be considered the traditional use of this data. These same sound sig-
nals (echoes) are also used for seafloor characterization of sub-bottom sediment layers, looking 
into the acoustic interaction with the seafloor sediment and the changes produced to the echo sig-
nal coming back to the sonar.  
 
Sonars used as sediment profilers, also called sub-bottom profilers (SBP), look into the first layers 
of sediment below the seafloor, normally several tens of meters. Using very high-level and low 
frequencies (1 to 10 KHz) through frequency-modulated and compression techniques, hydrogra-
phers came to have a better penetration into the seafloor and thus greater understanding of the 
nuances of the sonar signal. The echo comes from reflection, not from the backscatter, on the 
boundaries between layers, which correspond to changes in impedance contrast. The echoes 
gathered by the system are "piled up" graphically, reconstituting a vertical cross-section of sedi-
ment layers. Using echo amplitude processing techniques and calibrated SBPs, it is possible to 
retrieve the reflection coefficients and absorption coefficients associated with sediment layers 
crossed by the signal and then use them to classify these layers and identify sub-bottom areas of 
interest (AOI). 
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2.1 When noise became information 
 
With better understanding and postprocessing of underwater acoustics and the advancement of 
computer systems and software packages, analyzing this data became easier and faster. And 
what once was considered noise is now used to determine important information such as the sea-
bed type from which these measurements were taken; that noise is known as backscatter, or dis-
persion, from the incident acoustic wave hitting a target now acting as a source back to the sen-
sor. The backscatter field will depend on the roughness or incident angle to the surface; close to 
the normal to the surface it will reflect a maximum backscatter energy. At oblique incidences, the 
backscattered wave comes from sources distributed as a function of surface roughness. The 
physical process and how it is interpreted and modeled will vary significantly with the frequencies 
used. At high frequencies, there is little penetration of the surface; at low frequencies, the model 
must include the signal interaction with the sediment layer, which lets hydrographers realize the 
composition of sub-bottom layers.  
 
As technology progresses, hydrographers now analyze a more challenging signal - the volume 
backscattering - that is to be defined as the sum of the backscattering contributions from each 
target contained in a specific volume of water. This volumetric measurement contains valuable 
information of the AOI between the sea surface and seafloor, from which biomass and physical 
phenomena and gas bubbles can be measured. Water column mapping is (or can be) now part of 
a hydrospatial information system, extending the usability of acoustic signals collected to ecologi-
cal habitats, natural resource identification, and other oceanographic areas of study. 
 
Now, just from properly collecting and analyzing the acoustic signals generated by echo sounder 
systems, the HIS can start to be built with sounding measurements (bathymetry), sub-bottom pro-
files, sediment classification, and water column information. 
 
2.2 More than acoustic signals 
 
Bathymetric data acquisition and its postprocessing has traditionally been obtained from under-
water acoustic signals and through different techniques, as explained above, to produce bathy-
metric products that are exploited in different ways.  
 
But there are other important sources of bathymetric data, such as marine Lidar (Light detection 
and ranging) and satellite-derived bathymetry (SDB), that complement and can be integrated into 
the acoustic ones in a seamless bathymetric information system as part of the HIS. Although con-
strained by the physical characteristics of the water and atmospheric conditions, these other 
sources are collected at a much faster pace than sonar systems and in quantities not seen  
before, making the volume of bathymetric data several orders of magnitude bigger than what it 
used to be. Bathymetric lidar and SDB allow its use for coastal zone applications at the "speed of 
trust” (when coming from authoritative sources through the HIS). 
 
2.3 Evolving from chart production to location Intelligence  
 
In the late 1990s and early 2000s, the challenge was to build central database systems from 
which paper/raster and Electronic Navigational Charts (ENC) could be created simultaneously. 
Some HOs have reached that level; others are in the process of doing it. In general, nearly all 
HOs, just like their land office equivalents, understand the advantages of having a central data-
base approach for production, and the technology to build an enterprise production system is 
readily available. Of course, we acknowledge the challenge of migrating to a new S‑101 (IHO, 
2018b) production system; but that is moving in slow motion compared to the marine world needs 
of today, and automation will support a smooth transition when it happens. Now that we are ap-
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proaching the third decade of the 21st century, the challenge is to evolve that existing chart pro-
duction system into a location intelligence system, from which production continues to transform 
through automation and expands the use of hydrographic and oceanographic data in response to 
new demands from the marine world. This expansion requires building a spatial data infrastruc-
ture (technology, standards, governance, and organizations) to address those new demands - in 
this case, a Marine Spatial Data Infrastructure (MSDI) - as the framework to develop an HIS and 
distribute new products and services and to keep existing ones available to a much larger user 
group. It is also increasingly requiring results as fast as possible given the bandwidth of infor-
mation transfer. Where this once required hand carrying paper surveys from the ship, now it is 
throttled by the satellite throughput; though that is rapidly improving through market innovation 
driven by such applications as video transfer - per ocean exploration requirements for collabora-
tion in real time - hence the speed of trust built by bringing the experts to the ship virtually rather 
than waiting for the next voyage or year. 
 
2.4 Nautical charts: From artisanal to artificial intelligence production 
 
There is no question that nautical (or navigational) charts are extremely important products in 
maritime traffic. They can be compared to highway maps at sea, allowing ships to safely go from 
one place to another and enabling commerce and economic growth. Centuries ago, these prod-
ucts were made by hand by cartographers that were great artists too. Later, in the last quarter of 
the 20th century, computers became a common tool used in making these charts more standard-
ized. Although the process was no longer completely manual, it was still very labor intensive. 
Even in the first few years of the 21st century, making a paper chart product was still a very hu-
man-driven process, with hundreds of clicks involved and the potential for human error to over-
come the quality assurance processes of the HO. That's not the case anymore; software technol-
ogy now allows the use of automated processes that reduce the manual work to a minimum, even 
to zero if the organization's workflows and policies allow the standardization of output. Now, with 
the impending use of artificial intelligence (AI) and deep learning, even those decisions that a hu-
man used to make for producing charts will be done by an AI that focuses on standardizing pro-
duction output. Machine learning will enable new production systems to make decisions based on 
approved best practices for presentation of information such as labels and text positioning, mask-
ing of features, sounding selection, and establishment of surrounding elements. All the source 
data necessary to make nautical charts will be arranged in a nautical information system, another 
component of an HIS, and delivered in a timely fashion to meet the needs of tomorrow's robotic-
assisted navigators. 
 
And this is just for production. Machine learning connected to location data (the geospatial com-
ponent) will improve processes and predictive modeling and help organizations gain business ad-
vantages that would allow them to grow and evolve to the next level. Through location intelligence 
- the use of spatial information and analytics to reveal patterns and trends - an organization can 
observe the environment, predict the future state, and then plan and execute its modification by 
understanding the problems that lie ahead. Cartographers will evolve to become hydrospatial an-
alysts. 
 
2.5 Oceanography, the sister science of hydrography  
 
We can say that oceanography is indispensable for hydrography to be successful. Physical 
oceanography parameters (such as pressure, temperature, and density) combined with chemical 
parameters (such as salinity) are used for determining sound velocity profiles, and together with 
tidal data, help in determining bathymetric measurements; these datasets collected by HOs are 
very important for other studies. There are biological factors in spreading the sound as well and 
understanding the variability with tide and wind action often leads to more questions than an-
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swers. These are fundamental to what we might now call ocean weather (Hughes Clarke, 2017), 
and they contribute to the creation of an oceanographic information system (OIS). This OIS is  
also part of the HIS and the next step of a hydrographic office toward achieving a digital transfor-
mation. This oceanographic information is part of the location intelligence used in the HIS to  
identify, understand, and predict the occurrence of phenomena. 
 
2.6 A hydrospatial information system role in multidimensional marine data analysis 
 
Bathymetry, sediment types, tides, currents, water mass physical characteristics, and more can 
be used for marine data analysis. Here, hydrographic offices, through an HIS, play an important 
role. Evidence of that relevance can be found in a recent study that shows how the rising of 
ocean temperatures is affecting sea grass, which together with mangroves and salt marshes, 
stores up to 100 times more carbon than tropical forests at 12 times the speed (Aydin, 2017). In 
identifying these environmental conditions, sea surface and water column temperatures, along 
with depth measurements and their trends - combined with other oceanographic parameters - are 
very important (Figure 2). 

Figure 2. A Decision Tree, Created Using ArcGIS® Pro, for Classification of Sea Grass 
 
The use of bathymetry is fundamental to determining depth zonation for classifying different types 
of ecosystems. Marine mapping by use of echo sounding technology detects not only the seabed 
morphology but also the presence of fauna and other materials in the water column, as men-
tioned before (volume backscattering). Based on the deep scattering layer (DSL) and higher-
density sound-scattering layer (SSL), scientists can detect animals moving vertically at different 
times of the day for feeding and protection. These acoustic signals help in defining the epipelagic 
and mesopelagic depth zones that can be correlated to climate change phenomena and, with the 
use of GIS models and algorithms in an MSDI, can predict biomass accumulation due to tempera-
ture-driven metabolism, growth, and trophic efficiency in the food chain (Costello and Breyer, 
2017). 
 
In classifying different pelagic regions, depth for stratifying the ocean is the first required parame-
ter, which becomes really valuable and more difficult to assess accurately as we go deeper and 
farther away from the coast. Then, temperature and salinity (parameters that, depending on the 
instrument type, sometimes are collected during hydrographic surveys) are necessary. A statisti-
cally based classification of seabed habitats can be influenced by data contained in an HIS, such 
as bathymetry, slope, sediment thickness, and geomorphology. Surface primary production,  
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bottom temperature, and oxygen complement the HIS data to identify different seascape types 
and then define a Marine Protected Area (MPA) network that can be used for analyzing environ-
mental variability in the water column and for comparing the surface and the seabed. This analy-
sis allows scientists to classify blocks of ocean water mass as Ecological Marine Units (EMU) 
(Esri, 2019c) and identify pelagic zones around the world. EMUs provide a 3D framework up to a 
depth of 5,500 meters to stratify ocean sampling (Costello et al., 2018) where bathymetry is the 
literal geospatial foundation on which to plot everything else (Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Ecological Marine Units 3D visualization 
 
These EMUs can be built at any area coverage level, from the worldwide network through the 
public-private partnership led by the US Geological Survey (USGS) and Esri, using the National 
Oceanic and Atmospheric Administration's (NOAA's) oceanographic data and commissioned by 
the Group on Earth Observations (GEO), to regional and local networks that can be built through 
an MSDI. Combined with the fundamental contribution from an HIS of HOs in partnership with 
other agencies, these organizations support the wise use of the ocean for development and envi-
ronmental resilience. For example, in improving the regional ocean observation within the Marine 
Biodiversity Observation Network (MBON) (Esri, 2018), determining seascapes, a work funded 
under a National Aeronautics and Space Administration (NASA) Research Opportunities in Earth 
and Space Science (ROSES-16) A.50 GEO Work Programme exists. The proposed work will 
evaluate dynamic seascapes on a global scale with a case study focused in the Arctic. These  
include comparisons of boundaries of surface seascapes to surface EMUs, particularly on sea-
sonal scales, and comparisons of species distributions across classification schemes. This joint 
effort will also facilitate the delineation of a useful MBON framework from pole to pole (Wright et 
al., 2018). 
 
All these examples highlight the relevance that a hydrospatial information system, as a compo-
nent of an MSDI, has in multidimensional marine data analysis and in the creation of new  
products and services that can be used for a wide variety of applications involving the monitoring 
and evolution of our planet, from micro to macro levels and from environmental protection to  
economic and social development. 
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3. A Hydrospatial Information System and the Blue Economy 
 
Many things have been written about this subject in the past few years. The World Bank defines 
the blue economy (World Bank, 2019) as the "sustainable use of ocean resources for economic 
growth, improved livelihoods, and jobs while preserving the health of ocean ecosystem."  
 
Basically, the concept suggests better stewardship of ocean resources while allowing sustainable 
development, and curbing the exploitation of marine and maritime resources - such as offshore 
energy, shipping, commercial fishing, and mining - to preserve ocean health and maintain the 
productivity of those resources.  
 
Following are some important blue economy facts (The Commonwealth, 2019): 
 

- The total global ocean economy is valued at around US$1.5 trillion per year. 

- Eighty percent of global trade by volume is carried by sea. 

- Fisheries provide 350 million jobs worldwide. 
- By 2025, it is estimated that 34 percent of crude oil production will come from offshore drill-

ing. 
- Aquaculture provides 50 percent of fish for human consumption and is the fastest-growing 

food sector. 

 
3.1 Shipping industry 
 
Shipping is a fundamental activity that contributes to the blue economy. However, to make it safe, 
efficient, and sustainable, several measures have to be taken, from greenhouse gas (GHG) emis-
sions control to the International Convention for the Prevention of Pollution from Ships (MARPOL) 
discharge regulations and from the International Maritime Organization (IMO) Safety of Life at 
Sea (SOLAS) to e-navigation and port operations.  
 
The shipping industry and naval forces are the main customers of HOs, consuming ENCs and 
paper and raster charts as main products; here there is no question about the contribution of hy-
drography to the blue economy. Up-to-date charts distributed in a timely manner would reduce 
the risk of accidents at sea and improve efficiency with better navigational routes. These products 
are also used ashore, where monitoring ship traffic and port operations is important not only for 
safety and efficiency but also for regulating shipping emissions by including AIS data (location 
and speed) in a GIS, with parameters such as engine power and fuel consumption rates to esti-
mate emissions in time and space. This has been an important application in the Green Ports 
movement. An HIS would provide the necessary resources to efficiently plan for navigation 
routes, ship speeds, bilge water management, and port services. 
  
3.2 IMO E-navigation and IHO S-100 
 
The International Maritime Organization e-navigation initiative is a way to systematically ensure 
"safe berth-to-berth navigation," with the additional benefits of improving efficiency when ap-
proaching and leaving a port. The letter e does not necessarily mean electronic; it could also 
mean enhanced, or if someone takes some liberty with the IMO definition, it could also mean en-
terprise or efficient or effective. The goal is to address and provide key solutions to five main chal-
lenges: 
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- An improved bridge design, harmonized and user-friendly 
- Standardized and automated reporting to authorities of ship system status 
- Integrated presentation of information in graphic displays received through communication 

equipment 
- Improved reliability, resiliency, and integrity of bridge equipment and navigation information 
- Improved communication of VTS Service Portfolio 

 
It is important to note that IMO expects to complete its required list of tasks for the above areas in 
2019 so that industry can use this information and start designing e‑navigation products and ser-
vices. These products and services can be created and provided through an HIS and should be 
made available through the Maritime Services Portfolio (MSP) as in IMO, 2019, defined as "a set 
of operational and/or technical services" that could be added for specific purposes.   
 
To enable these MSPs, it is necessary to create a Common Maritime Data Structure (CMDS) that 
could be considered a subset of an MSDI, through which those products and services can be pro-
vided to both the ship and the port state authority as well as the individual port administration 
ashore. Services such as Under Keel Clearance Management (UKCM) through accurate and up-
to-date information on bathymetry, water levels, salinity, and currents, with ENCs as their refer-
ence frame, would be key hydrographic products out of an HIS for this type of service. 
 
While many of these new products and services are required to be provided in the form of MSPs, 
some will need to be IHO S-100 (IHO, 2018a) compliant; the new Universal Hydrographic Data 
Model will enable several of these products to evolve dynamically with technology and be GIS 
compliant for analysis and decision-making. For example, ENC in S-101 (IHO, 2018b), bathyme-
try in S-102 (IHO, 2019c), tides in S-104 (IHO, 2017), and currents in S-111 (IHO, 2018c) are all 
combined to provide the proper information for the UKCM in the S-129 (IHO, 2019b) MSP. The 
UKCM package will be used in shipboard systems for e-navigation and ashore for harbor master 
planning and operations. 
 
The IHO working groups have already defined several MSPs that directly relate to HOs' products 
and services. These can include (but are not limited to) MSP 5 maritime safety information ser-
vice, MSP 6 pilotage service, MSP 12 nautical chart service, MSP 13 nautical publications ser-
vice, and MSP 16 real-time hydrographic and environmental information services. All these MSPs 
can be derived from a hydrospatial information system and augmented with other GIS infor-
mation.  
 
In essence, this has been the core business of HOs; the main difference now is that, with geospa-
tial information technology and new standards, it is possible to extend their capabilities and pro-
vide more products and services much faster and of better quality than before. These new prod-
ucts and services are not only static but dynamic, too, ready to be consumed by GIS systems. 
GIS leverages artificial intelligence, complex algorithms, and deep learning to significantly im-
prove the way e-navigation was originally conceived. Geospatial intelligence provides the analysis 
to the maritime community for better decision-making and preparation for more automation in the 
future. 
 
Special attention has to be given to maritime autonomous surface ships (MASS), which are a new 
type of customer for HOs. These ships are considered independent of human interaction, capable 
of making decisions and determining actions by themselves. So far, IMO's regulations, 
COLREGs, SOLAS, and STCW only consider manned ships, so it has a challenge ahead. How-
ever, the IMO Maritime Safety Committee (MSC) has endorsed a framework for a regulatory 
scope that includes definitions for MASS and degrees of autonomy, so we can see that some 
steps are already being taken to prepare for the future. Underwriters are noticing this new type of 
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vessel, and the insurance company Gard has insured the autonomous container ship, Yara Birke-
land, from the company Yara International of Norway. HOs also have a challenge to meet the re-
quirements of this new kind of user - one that could acquire and update its navigational infor-
mation at the speed of light - meaning that HOs would need to provide and update their products 
faster than before; and for this, an HIS would be a key technological resource. An even bigger 
challenge, currently trapped in discussions of human-reviewed crowdsource bathymetry, is the 
process by which the navigation information that these ships will need to create and share, like 
autonomous vehicles are developing on highways. 
 
3.3 Ports 
 
The shipping industry is a large ecosystem that includes multiple participants that impact ports, 
and they also will need to adapt to the new opportunities being brought by technology. While ship-
pers focus on the supply chain efficiencies, reducing friction of transport from production to deliv-
ery through several modalities, ports must compete through optimized decision-making about 
their asset usage for improved services. Several ports around the world are taking action and 
have started their complete spatially enabled digitalization, creating their "digital twins," thus tak-
ing advantage of geospatial intelligence and automating processes and services. The Port of Rot-
terdam is a prime example of this transformation, where it has created the concept of PortMaps, 
bringing together the companies working in the port and providing reliable information about their 
interconnected activities (PortMaps, 2014). APM Terminals (Figure 4) has even developed a port 
terminal at Rotterdam where no human being needs to be physically present - where 80 percent 
of the cranes are automated and the rest are remotely operated (APM, 2019). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Maasvlakte II Terminal at Port of Rotterdam 
 
As the world's forward-looking ports are becoming greener, safer, and more efficient through  
automation - taking advantage of GIS technology and AI - they are not only growing physically but 
also digitally and becoming more competitive, receiving larger ships and servicing them faster. 
Through a geospatial technology and strategy, the necessary products and services are provided, 
several of them coming from HOs and the ports' own hydrographic departments. Whether large or 
small, from a national HO or a port's hydrographic department, an HIS at the proper scale will  
provide these products and services more effectively and efficiently. 
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3.4 UN Sustainable Development Goals 
 
At a global scale, nothing is more relevant than the United Nations (UN) Sustainable Develop-
ment Goals (SDGs), an ambitious call for action to help countries achieve 17 social and economic 
development objectives by the year 2030. In doing this, location information plays a very im-
portant role; and for the maritime community, this is particularly true in achieving SDG‑14, Life 
below Water. Hydrographic information (bathymetry) is the foundation in the "Elevation and 
Depth" theme. Comprehensive and authoritative bathymetric data complemented by geological 
and soils datasets from the seabed in an HIS are an essential feature to be provided by national 
HOs. The nautical chart is fundamental for the "Transport Networks" theme, providing marine and 
inland waterways that impact SDGs 2 (Zero Hunger), 3 (Good Health and Well-Being), 8 (Decent 
Work and Economic Growth), 9 (Industry, Innovation and Infrastructure), and 11 (Sustainable Cit-
ies and Communities) (UN, 2019a). While an HIS can provide new products and services to sup-
port SDG-14, traditional products such as nautical charts have a very significant (and sometimes 
overlooked) impact on several other Sustainable Development Goals.  
 
An important effort is being made by the UN Statistics Division in maintaining an open SDG Data 
Hub, where there are over one million observations. An SDG indicators API was created to give 
programmatic access to the global indicators database using the OpenAPI specification (UN, 
2019b) and to thus enable live information services to be provided. 
 
The UN Economic and Social Commission for Asia and the Pacific (ESCAP) has created a gate-
way to data portals, allowing people to access and download statistical information and filter it by 
specific SDG (ESCAP, 2019). From here, the Resource Watch, which provides hundreds of da-
tasets on the state of the planet and human well-being, can be found at (ResourceWatch, 2019). 
Filtering the data by the word oceans will render dozens of layers containing relevant hydrograph-
ic, oceanographic, biological, and shipping information, among other types, that users can com-
bine for their own analysis. This is an example of how an HIS can support this important global 
endeavor.  
 
4. A Hydrospatial Information System and Maritime Safety and Security 
 
4.1 Naval and law enforcement agencies 
 
Like HOs belonging to their national navies have the mission to support naval operations, many 
civilian HOs also complement their catalogs with S-57 (IHO, 2000) Additional Military Layers 
(AMLs) and other tactical products. These support a wide variety of missions, from antisubmarine 
warfare, littoral operations, and surface and mine warfare to law enforcement activities, fisheries 
regulation, pollution control, and search and rescue, among others. The use of geospatial data in 
an HIS - historical, near real-time, and real time - in combination with rich nautical content, as a 
reference framework such as the ENC, supports all these activities. HOs provide not only the fin-
ished ENC product but also high-resolution bathymetry, tides, currents, sediment types, and  
several oceanographic parameters to help in understanding the water mass and its behavior.  
 
An MSDI is the backbone of any environmental emergency management and an HIS its techno-
logical axis, from planning for a disaster to the immediate response in the aftermath and the re-
covery phase. After a hurricane or tsunami affects coastal areas, having clear shipping routes to 
ports to support those affected areas, as well as delivering essentials for community resilience, is 
key, and critical in remote areas. Rapid response hydrographic survey teams play a very im-
portant role in collecting data and providing information for future recovery phases. This data 
must be organized and managed efficiently in the HIS to make it accessible for all involved par-
ties. The survey teams are the key resources to assess the damages by providing real-time or 

http://www.sdg.org
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near real-time reports via mobile devices along the coast to a central location for planning the re-
covery phase. An example of the importance of this geospatial information, including hydrograph-
ic information, can be seen in the Hurricane Florence event that affected the US states of North 
and South Carolina in mid-September 2018. A story map summarizes the relevance of not only 
the immediate aid of water, food, medicines, and temporary shelters that was provided but also of 
the long-term recovery of people rebuilding their lives, homes, jobs, and businesses (Esri, 2018b). 
 
4.2 Maritime boundaries delimitation 
 
One area that has always been critical for a maritime nation's development is the realization of its 
maritime limits and boundaries, which will be defined in the new IHO S-121 (IHO, 2019d) Mari-
time Limits and Boundaries product specification. Based on the UN Convention on the Law of the 
Sea (UNCLOS), these maritime limits define what level of jurisdiction and what resources a mari-
time nation has rights to beyond the shoreline. Part of the responsibility of determining these lim-
its lies with the national HO, which intervenes in delimiting the baselines. These baselines deter-
mine the establishment of the territorial sea, contiguous zone, and exclusive economic zone. This 
information, along with the foot of the continental slope derived from bathymetric analysis, is com-
bined with other criteria to determine the extended continental shelf zone. The proper and accu-
rate justification for claiming these areas to the UN is backed up by hydrographic, oceanographic, 
geological, and geodetic data and will have a very significant effect on the nation's economy and 
well-being.  
 
Nautical charts are the legal documents portraying the above-mentioned maritime boundaries. 
These lines are used by mariners to know where they are and what legal jurisdiction they are sail-
ing in and thus what activities are allowed within those waters. The law enforcement agencies al-
so use this geospatial information to ensure that the regulations are not violated and for resources 
surveillance in the water column, seabed, and subsoil.  
 
4.3 Port security 
 
Besides port operations, asset management, and all the logistics aspects, a very important safety 
consideration is security in ports - not only above water but also below water, where the human 
eye or electromagnetic-based sensors can't penetrate from above. The International Ship and 
Port Facility Security (ISPS) Code is a set of measures that enhance security of ships and ports 
and was developed as a response to perceived threats to ships and port facilities. This ISPS 
Code outlines the responsibilities of governments, shipping companies, crews, and port admin-
istrations to "detect security threats and take preventive measures against security incidents  
affecting ships or port facilities used in international trade." Besides diving operations and under-
water video cameras that require manual intervention, there are several ways of providing port 
security where underwater acoustics play an important role in detecting suspicious objects on the 
seabed and even on the hull of ships below the waterline. For this, a variety of equipment is being 
used, mounted on platforms such as remotely operated vehicles (ROVs) and small launches.  
Different types of echo sounder systems can be used for object detection, and a GIS with AI can 
aid human analysts to identify artifacts. This is not yet a common area for exploiting hydrographic 
data for most ports, but it's becoming a relevant issue for some, and we can anticipate that it will 
be relevant for many more in the near future.  
 
4.4 Submarine cables 
 
They appeared almost immediately after the invention of the telegraph by the mid-19th century. 
Today, submarine cables are strategic assets of national and international security. Contrary to 
what some may think, satellite communications are of very little importance compared to subma-
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rine cables. Just in the US, based on statistics from the US Federal Communications Commis-
sion, satellites account for just 0.37 percent of all US international capacity. Cables can carry far 
more data at a far lower cost than satellites. Today's cables can carry 208 Tbps (terabytes per 
second, or 208,000 gigabytes per second). According to the International Cable Protection Com-
mittee (ICPC) (IPC, 2019), there are approximately 378 submarine cables in service around the 
world, with 1.2 million kilometers lying on the sea bottom.  
 
With just the above-mentioned numbers in mind, the relevance of location - understanding where 
these cables are in order to avoid any accidental damage, and the dangers of not knowing exactly 
where they are in order to avoid any attempt of sabotage - is evident. These considerations are 
even more important in shallow waters and near ports, shipping traffic, and anchorage areas. 
Submarine cables must be accurately portrayed in nautical charts so that mariners, dredgers, and 
any other person with interests on the seabed know if they can safely drop an anchor, dredge 
sediment, or drill an oil well.  
 
The ICPC engages and coordinates with the International Seabed Authority to ensure that deep 
sea mining contractors will not damage submarine cables during their operations, and with the 
IHO to adapt chart specifications for submarine cables, ensuring they are represented clearly. 
 
A submarine cables layer is another very important piece of information that complements a  
hydrospatial information system, as it can be appreciated in Esri (2019b). 
 
5. Conclusion  
 
A hydrospatial information system organizes hydrographic, oceanographic, and other maritime 
data to focus on the business value of three main areas: marine environment, the blue economy, 
and maritime safety and security. A variety of use cases for an HIS and the role HOs can play be-
yond their traditional safety of navigation responsibility has been illustrated through examples 
where, in some cases, the multidimensional analysis requirement is evident. These examples  
also provide a horizon of where hydrographic authorities or their proxies could bring additional 
value to market and grow in their responsibilities. Making a centralized nautical database and car-
tographic production system is no longer a difficult technological challenge. Soon there will be the 
task of migrating from an S-57 to an S-101 production system, and through automation, there is 
opportunity to make the production processes more efficient and standardized. Yet, of course, the 
challenge still is to acquire good data and to populate the additional features and attributes of the 
new standard to feed the system; and there is a need to capture the best practices of the current 
generation of senior cartographers and adapt them to new information services. The advent of 
these new, GIS-enabled S-100 products and services, combined with constantly evolving, cutting-
edge geospatial technology, allows HOs to build their HIS and grow their capabilities. Soon they, 
too, will perform multidimensional analysis, providing new products and live services so that  
others can do the same under the MSDI concept in a multiplying effect.  
 
Recognizing that the demands for hydrographic data are growing and in order for the technology 
to address those demands are the first steps to go beyond charting. It will require a clear vision to 
establish the strategy for setting the destination of the hydrographic offices and determining the 
voyage route to successfully reach the next geospatial frontier.  
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RECOGNITION OF CATEGORY "A" COURSE  
ON HYDROGRAPHY AND OCEANOGRAPHY FOR OFFICERS  

"THE CHILEAN EXPERIENCE" 
 

Training Center of the Hydrographic and Oceanographic Service of the Chilean Navy  

 
THE START 
 
The first program of the Hydrographic and Oceanographic course presented by the Hydro-
graphic and Oceanographic Service of the Chilean Navy (SHOA) to the International Board 
on Standards of Competence for Hydrographic Surveyors and Nautical Cartographer (IBSC), 
constituted by the International Federation of Surveyors (FIG), the International Hydrograph-
ic Organization (IHO) and the International Cartographic Association (ICA), was recognized 
at the level of Category "B" in 1989. Almost immediately improvements and adaptations 
were incorporated to this program and, consequently, in 1990, the program was again sub-
mitted to the then IAB, at its meeting held in Bandung, Indonesia. The IAB, after examining 
the documentation submitted, decided to award Category "A" to the program which included 
two options: hydrography for nautical charting and port and nearshore surveys. SHOA con-
siders this as being the starting point of the Officer Course.  

In order to comply with the international requirements currently in force, SHOA kept updating 
its curriculum according to the relevant provisions of the various editions of the publication 
"Standards of Competence for Hydrographic Surveyors and Nautical Cartogra-
phers" (originally S-5 Category A, presently S-5A). This publication indicates the minimum 
necessary knowledge and skills that a hydrographic surveyor must possess in order to  
comply with the international hydrographic requirements aimed at satisfying the various  
expectations and competency levels demanded by relevant institutions and the industry. In 
2000, SHOA requested the then IAB to re-recognize its updated program of the course. The 
IAB, at its 23rd session held in Valparaíso, Chile, from 12 to 18 April 2000, agreed to grant 
SHOA re-recognition at the level of Category "A" with options 1 and 2 (nautical charting  
hydrography and hydrography for coastal zone management), to its program.  

In order to maintain the programme’s recognition, in 2010, SHOA again decided to undergo 
a refreshed recognition procedure for its program. In this occasion, at the 33rd session held 
in Port of Spain, Trinidad and Tobago, in March 2010, SHOA´s representatives submitted 
the program to the IBSC and gave a presentation about the objective, entry requirements, 
content of the syllabus of course, as well as clarifying details to the IBSC members at the 
session. In this opportunity the IBSC decided to award recognition to the specialization 
course on Hydrography and Oceanography for a six-year period.   

 
NEW STANDARD – REDUCTION OF THE PERIOD OF VALIDITY OF THE 
RECOGNITION 
 
Indeed, it was from the year 2010, that the IBSC changed the recertification period for the 
recognition of programmes, due to the rapidly increasing rate of the advancement of technol-
ogy and improvements of knowledge in hydrographic surveying. The change led to a reduc-
tion from 10 to 6 years for a period of recognition, each institution being required to resubmit 
its documentation for review by the members of the IBSC within the reduced period. 

Following this new scenario, in 2015, SHOA initiated the compilation of the documentation 
needed to be submitted to the IBSC at the end of that year, for its consideration in April 
2016, at the 39th meeting of the IBSC held in Brest, France. 
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However, on that occasion, the extension of one year to the current recognition was granted for 
the introduction of improvements recommended by the IBSC to be included. Such improvements 
included, among others: 

 the final training project should be undertaken near the end of the programme to reflect the 
knowledge gained through the essential subjects; 

 the course content for core hydrographic subjects, as evidenced by the assessment, was 
not presented at an appropriate level for a Category "A" programme; 

 the provision of a full set of examination papers in the S-5A essential subjects or S-5A hy-
drographic sciences subjects; 

 the provision of descriptions of the content of the course modules with more details than the 
S-5/S-5A item descriptions and with proper reference to the S-5/S-5A syllabus. 

This set of recommendations that should be complied throughout the year and be presented to 
IBSC in an upcoming presentation before March 2017 was a huge challenge for SHOA, since the 
work involved an overall restructuring of the course and the documentation submitted in 2016. In 
addition to this need for restructuring, the IBSC recommended SHOA to consider revising its new 
presentation to be based on the new edition of the Standard (S-5A), the publication of which was 
then still in draft format and only became issued officially in August of that same year. 

The new Publication S-5A, "Standards of Competence for Category "A" Hydrographic Surveyors" 
not only offered new contents, but also established the need for meeting advice received from the 
IBSC of the need for a series of new entry requirements criteria for applicants and the require-
ment for a complex final multidisciplinary practical work project. Additionally, the new program 
should be developed using a competency-based model.  

 

PREPARATION OF A NEW PROGRAM – A TEAM-WORK CHALLENGE  
Being aware of this challenging work, SHOA decided to allocate one month to think on a strategic 
approach, aiming at finalizing the new program within a period of less than eight months at the 
end of which time a draft publication should be made available, assuming the risks that such draft 
program would require an iterative improvement before it could be published. The result of the 
brainstorming process undertaken resulted in the need to establish a multidisciplinary team of  
experts in curricular design and evaluation. The team was formed with representatives belonging 
to the Universidad de Playa Ancha de Ciencias de la Educación (UPLACED) and to the Naval 
Polytechnic Academy (APN), who worked with staff of SHOA’s training center and hydrographic 
surveyors who had previously completed a Category "A" program. 
Later, this team was complemented with a graphic designer, who was tasked to produce the sub-
mission dossier. Additionally, a translator was added, who translated all documentation into Eng-
lish and worked as coordinator of the entire work team.   
The responsibility to lead the team was assigned to the Head of the SHOA’s Training  
Department, with the specific task to meet the objective within the time allocated. The approach is 
reflected in Figure 1. 



73 

   INTERNATIONAL HYDROGRAPHIC REVIEW                                                                                                                            NOVEMBER  2019 
      

 

 
Figure 1: Internal Review Process. 

 

As a result of this work, a new competency-based curriculum was designed. It has several ad-
vantages for the training of our specialists, since this approach allows for a better understanding 
of the abilities achieved by graduated students upon their completion of the studies included in 
the program. This facilitates the process of transition that occurs between the end of their studies 
and the time they join the real exercise of their functions as hydrographer and oceanographer. On 
the other hand, the competency-based training helps to train graduates that are more efficient 
since the practical work developed in the study stage together with the activities of the hydrogra-
pher allow them to reach the international standards of competencies required by a Hydrographic 
Surveyor and widely recognized across the industry. 

The educational model adopted (Bloom’s model revised for the 21st Century) is shown in Figure 2 
(Nota del Editor para el autor: si la figura fue copiada, por favor indicar el libro o artículo). 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2: The education model adopted as a result of the Internal Review Process.  
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Likewise, in accordance with S-5A Publication, it established the need to create a mechanism that 
will evaluate the competences in basic sciences of both Chilean and foreign applicants, for which 
a written Admission Test in five areas was created. On the other hand, a b-learning platform 
(combination of classroom work and online work, internet and digital media) was designed to sup-
port tutorial classes, and the Admission Test, which in the first experimental phase showed excel-
lent results to evaluate the basic knowledge of the applicants. 
As the final component of the program, a complex and multidisciplinary work project was included 
and is divided into two parts: a hydrographic project and fieldwork on board a hydrographic  
vessel. The final hydrographic project takes place during the entire last semester. This require-
ment is quite different to the former curriculum requirement, which considered the development of 
a thesis in parallel to the classroom attendance. The main objective of this hydrographic project is 
to have students facing the real conditions of a hydrographic survey and at the same time be able 
to compare the theory and the practice and exercise their learned skills as a capstone to their ed-
ucational experience. As a result, students should be competently able to design, prepare,  
conduct and carry out a hydrographic survey of a particular area to generate different marine  
geospatial products. 

 
Figure 3.- Practical Activities on board Hydrographic Surveying Vessel . 

 

 

 

 

 

 

 

 

 
 
 
 
 

Figure 4.- Configuration of GPS. 
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The documentation was translated into English, designed and diagrammed with all components 
required by the Publication S-5A “Guidelines for the Implementation of the Standards of Compe-
tence for Hydrographic Surveyors and Nautical Cartographers” and submitted in December 2016, 
to the 11 members of the IBSC, for review.  

The new program was considered at the 40th session the IBSC, held in March 2017 in Wellington, 
New Zealand. The Chilean Delegation, headed by the Director of SHOA and the head of the 
Training Department, provided a presentation to the IBSC members on the curriculum, contents, 
lecture hours and the type of evaluations in the course. The IBSC recognized the Course on  
Hydrography and Oceanography at Category "A", for a period of six years. 
It is worth mentioning, that during this meeting, probably reflecting the complexities of transition-
ing to the revised S-5A Standard, only three programs were awarded re-recognition without the 
need for subsequent revision. These courses, in addition to the Chilean course, were presented 
by Germany and Portugal. The decision allows SHOA to continue delivering the course to  
national and foreign officers in accordance with the highest levels of competency required and 
recognized internationally. 

 

CONCLUSIONS AND EXPERIENCES   
While the certification process was a long and arduous process that involved two years of work, 
this is just the beginning, since competency-based training involves great challenges to train 
SHOA’s new specialists. The incorporation of the early practice and "know-how" as a central  
element of the curriculum and training produces a paradigm shift not only in the curriculum, but 
also to the teacher who must modify the procedure used in the previous teaching methodologies. 
In addition, the teacher should be responsible for the students to achieve the competencies of the 
profile according to pre-established standards and criteria, for which partial compliance status is 
not acceptable. 
As a first phase for the implementation of this new IBSC re-recognized program it has been  
necessary to train teachers on competency-based assessment and upgrade them in the applica-
tion of the technology used for the b-learning platform associated with the tutorial and self-guided 
classes. Subsequently, it is considered necessary to adopt a continuous follow-up with the imple-
mentation of major field work activities.  

The joint teamwork, which included different specialists adding their relevant skills, contributed 
strongly to the re-recognition of the Hydrography and Oceanography Category "A" Course  
Program for Officers which is delivered by SHOA, in Spanish.  
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WILL HYDROGRAPHIC GEOSPATIAL DATA PASS  
THE “FITNESS TO USE” TEST 

By Dr M. Osborne and J. Pepper (OceanWise) 
 
 

OceanWise provided a news item in August 2017 for Hydro International 
(Reference), outlining the work of the United Nations Committee of Experts on Glob-
al Geospatial Information Management (UN-GGIM) and reported on the presenta-
tion to its 7th Session given by the then Secretary-General of the International Hy-
drographic Organization (IHO), Robert Ward; the Committee of Experts endorsed 
the terms of reference for establishing a Working Group on Marine Geospatial Infor-
mation (UN-WGMGI). It seems timely to now provide an update. 
  
UN-GGIM aims to address global challenges relating to how geospatial information 
is created, managed and utilised. The UN seeks to overcome these challenges by 
improving access to fit for purpose geospatial information and it to be an essential 
enabler to meeting the global community's Sustainable Development Goals (SDGs, 
Reference). UN SDG 14 refers to Life Below Water, and several other SDGs, have 
a marine component (Figure 1).  
 

 
 

Figure 1: The 17 United Nations Sustainable Development Goals (Reference) 
  
 The terms of reference of the newly formed UN-WGMGI are focussed at a policy 
level, raising awareness and highlighting the importance of reliable, timely and fit for 
purpose marine geospatial information to support the administration, management 
and governance of the marine environment. To deliver this, the working group is en-
couraging the use of internationally agreed frameworks, systems and standards, to 
improve the relationships between people and the marine environment, and to sup-
port the committee of experts to develop the availability of high quality and reliable 
regional capacity building initiatives, under the UN-GGIM's wider mantra of 'nobody 
left behind'. 
  
It is no coincidence that the objectives of the UN-WGMGI mirror those of the IHO 
Marine Spatial Data Infrastructures (MSDI) Working Group (MSDIWG). Established 
in 2007, the MSDIWG has done much to promote and foster the wider use, and re-
use, of hydrographic data and information. The IHO Publication C-17 document first 
published in 2009 provides an excellent reference text for those wanting to know 
more about MSDI (Reference). In 2016, the Open Geospatial Consortium (OGC) 

https://www.hydro-international.com/content/article/working-group-on-marine-geospatial-information-established-by-un-ggim-7
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.iho.int/iho_pubs/CB/C-17_Ed2.0.0_EN.pdf
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjbvcfSl53hAhWozYUKHQrVB1YQjRx6BAgBEAU&url=https://www.sustainabilityprofessionals.org/SDGs&psig=AOvVaw2QoPIZQcOmZaXgBxhAZaMu&ust=1553599556229587
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Marine Domain Working Group was established to act as a focal point for OGC activities and to 
present interoperability requirements, use cases, pilots, and implementations of OGC standards 
within the marine geospatial community. As with the UN-WGMGI, this group helps to build under-
standing between the marine and geospatial communities. As an example of how this is being 
achieved, one of the outputs from the recent inaugural face to face meeting of UN-WGMGI in 
Busan, Republic of Korea in early March (Figure 2) was to ask OGC to compile a non-technical guide on 
the different standards and their role in SDI.  
 
 
 

 

Figure 2: participants of the 1st Meeting of the Working Group on Marine Geospatial Information (WGMGI)  
of the United Nations Committee of Experts on Global Geospatial Information Management (UN-GGIM) 

 
 The fact that the aims of the these three working groups are so closely aligned is of great benefit 
as witnessed at the first joint meeting, when it was agreed to pursue these aims, and in doing so 
thereby create a common set of objectives, and joined up work-plan, supported by the technical 
capability of the OGC and the weight of the UN in influencing policy at a national level. The first 
meeting of the UN WGMGI marked a major milestone in the evolution of marine geospatial  
information management and re-use.  
  
With the backing of the UN, and links to the OGC, the hydrographic community now has more 
reason than ever to pursue an agenda much wider than just safety of navigation. This means that 
this community should make their data more freely available and be encouraged to move towards 
managing it and making it available in such a way so as to support a wider range of products and 
services developed by industry, such as those provided by OceanWise, aimed at non-traditional 
markets such as spatial planning, conservation, aquaculture, leisure and tourism). 
  
MSDI is often seen as something separate from a national hydrographic office's main purpose of 
providing nautical charting and publications. This viewpoint could not be farther from the truth, as 
all the basic principles of MSDI - to manage data centrally, to consistent standards, and improving 
how data and information is exchanged between stakeholders - applies equally to navigational 
safety as it does to any other application area, be it marine spatial planning and licensing, or 
emergency planning and response. Figure 3 presents the four pillars of MSDI. 
  
For national hydrographic offices, this new way of working represents a real challenge. Not only 
do they have to educate their workforces, adapt their processes and traditional ways of working to 
make data, not product, central to their operations, but they also need to assess which types of 
geospatial information they are responsible for, and which other data authorities they need to  
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connect with. If national hydrographic offices embrace this new way of working, they will form part 
of an overall 'marine geospatial data ecosystem'. The issues of data quality (see Table 1), lifecy-
cle and ultimately governance are key success factors so that they as data originators, value added 
resellers, and an expanding range of users will be much better off, and the goals of the UN-GGIM can be 
met. 

 
 

Figure 3: The Four Pillars of Marine Spatial Data Infrastructure (MSDI, Reference) 
 
 

Table 1 - The seven characteristics that define data quality (DAMA International, Reference): 
 
 
 
 
 
 
 
 
 
 
 
 

 
There is much work still to do, but already some key issues are being identified that provide the 
evidence for further work. Making existing product data more easily accessible as a legitimate 
means to accessing marine geospatial information can only go so far, but it is start. There are  
so many reasons why a nautical chart is not fit for any other purpose than navigation; shoal-bias, 
discontinuities across chart boundaries and features that are removed or modified for reasons of 
safety are just a few. These are issues of data quality (see Table 1) and need to be addressed in 
terms of creating products and services that meet the exact needs of users. The temptation to 
make navigation product data, or the source data such as individual hydrographic surveys, more 
accessible is to miss the point. The former can be misleading, and the latter can result in signifi-
cant amount of data processing requiring specialist software to get the data in a fit state to use in 
GIS for example. What is required is a coordinated effort to create a range of products and  
services that have an authoritative and comprehensive base and that are fit for purpose for the 
application they are designed to support. Navigation is one such application, but there are many 
others, as users of OceanWise marine mapping data will testify.  
  
This all emphasises, even more strongly, the need for fundamental change and improvement in 
how marine geospatial information is viewed and managed. The first meeting of the UN-WGMGI 
made this point loud and clear. Let's hope it will go from strength to strength and we can continue 
to build a hydrographic marine geospatial information community that is forward thinking, inclu-
sive, responsive and meets the aims of the UN-GGIM and beyond. 
 
 

1.       Accuracy and Precision 
2.       Legitimacy and Validity 
3.       Reliability and Consistency 
4.       Timeliness and Relevance 
5.       Completeness and Comprehensiveness 
6.       Availability and Accessibility 
7.       Granularity and Uniqueness. 

https://www.iho.int/iho_pubs/CB/C-17_Ed2.0.0_EN.pdf
https://www.dataversity.net/what-is-data-quality/
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THREE YEARS OF THE LATIN AMERICAN BRANCH 
OF THE INTERNATIONAL CENTRE  

FOR ELECTRONIC NAVIGATIONAL CHARTS (LA RENC) 
By Capt. N. Roscher, LT A. Mileze, SO I. M. de Brito and SG B. Pinheiro  

Brazilian Directorate of Hydrography and Navigation (DHN) 
 

 

On 21 July 2016 the Directorate of Hydrography and Navigation (DHN) established 
in its headquarters a full operational Regional Electronic Nautical Charts "Validation 
Office" for Latin America (LA-RENC) under the infrastructure and guidance of the 
International Centre for Electronic Nautical Charts (IC-ENC). This was supported by 
the IC-ENC Members during its 16th Steering Committee (SC) Meeting in 2015. In 
its first year of operations, the LA-RENC was visited by the IC-ENC Chair, Capt 
Mark van der Donck (Netherlands) and by the IC-ENC General Manager, Mr James 
Harper (UK) (Figure 1). 
 

 
Figure 1: the 2016 Visit from the IC-ENC (from left to right: Capt Pinto, Admiral Palmer,  

Capt Roscher, Mr James Harper, PO Bruna Pinheiro, Capt Mark van der Donck and Mrs Claudia Bon. 
 
 
The IC-ENC is a Regional ENC Coordinating Centre (RENC) which supports the 
IHO Worldwide ENC Database (WEND) principles. It is a low cost, not for profit or-
ganization which was set up in 2002 with a remit to assist ENC Producers in harmo-
nizing the production and distribution of high quality ENCs. This is achieved through 
ENC validation and distribution processes always with the mariner in mind. Brazil is 
an IC-ENC member since 2006 and has been working to maintain the quality stand-
ard of its products, in order to meet the requirements of IC-ENC’s ENCs. As part of 
this effort, an ISO-9001 certification exists in the Navy Hydrographic Center (CHM) 
since 2008. 
 
The current membership of IC-ENC stands at 45 Member States (with new mem-



82 

   INTERNATIONAL HYDROGRAPHIC REVIEW                                                                                                                            NOVEMBER  2019 
      

 

bers joining on a regular basis): Argentina, Australia, Bahrain, Bangladesh, Belgium, Brazil, Chile, 
Colombia, Cuba, Denmark, Ecuador, Egypt, Germany, Greece, Netherlands, Slovenia, Spain, 
Solomon Islands, Iceland, Italy, Israel, Malaysia, Malta, Mexico, Mozambique, Nigeria, New Zea-
land, Oman, Panama, Pakistan, Peru, Philippines, Portugal, Romania, Russia, Saudi Arabia, 
South Africa, Suriname, Tunisia, United Kingdom, United States, Uruguay and Venezuela (http://
www.ic-enc.org/Membership.html). 
 
There are four IC-ENC Offices in different parts of the world as seen in Figure 2: 
 

 IC-ENC UK (HQ) - based in Taunton, UK  

 IC-ENC Australia - based in Wollongong, Australia  

 IC-ENC Latin America - based in Niteroi, Brazil  

 IC-ENC North America - based in Washington, USA  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: location of the four IC-ENC Offices (yellow stars) 
 
The LA-RENC's mission is to ensure that the validated ENCs are compliant to the international 
standards, consistent across the global data-set and readily available for use so that shipping can 
navigate safely, efficiently and confidently whilst ensuring that other maritime users are using the 
same available data. To this end the validation team operates policies based on ISO-9001/2015 
to assist ENC Producers and to harmonize the production and distribution of high quality ENCs. 
The final aim is to ensure safe navigation by assessing any non-conformities that may impact the 
safety of navigation. 
 
A great deal of challenges, hard work and dedication happened in the past three years after the 
creation of the LA-RENC. This dedication was rewarded with the improvement of the quality of 
the cells and the confidence generated in the Latin American countries, resulting in improved  
navigation safety. 
 
In order to prepare for this challenge, in 2015 the DHN sent two of its Staff to a Silver training in 
Panama and to a Gold training at the IC-ENC headquarters, in Taunton-UK. These trainings led 
to improvements to the Validators' skills to work autonomously at the regional office, in a different 
time zone and giving support in Spanish, for most of the Latin American countries. In a next step 

http://www.ic-enc.org/Membership.html
http://www.ic-enc.org/Membership.html
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the LA-RENC started to validate cells from countries outside Latin America, such as Denmark, 
Germany, Iceland, Italy, Malaysia, New Zealand, Philippines, Portugal, Spain, Russia and United 
Kingdom. 
 
On completing its third anniversary on 21 June this year, the LA-RENC had validated more than 4 
000 ENCs, of which almost 3 000 from Latin American countries. Complementarily to the valida-
tion of the ENCs, the LA-RENC Team assisted many of the Latin American hydrographic services 
on their ENCs production and on the understanding of the validation reports. The proximity and 
the small differences in time zones contributed to this support. The team currently is composed of 
three Validators, one being also the Technical Manager.  
 
To maintain the quality of the services offered, the IC-ENC monitors the ENC validation process 
at the LA-RENC operation by conducting audits and providing trainings. The IC-ENC ensures 
high quality hydrographic services structured around the Quality Management System (QMS). In 
July this year, the IC-ENC Senior Validator Aaran Champion delivered a two-week training to up-
date the validation team (Figure 3), contributing with his experience to improve the validation  
processes of LA-RENC. 
 

 
Figure 3: Two-week training in 2019 (from left to right SG Bruna Pinheiro, Mr Aaran Champion,  

LT Ana Mileze and SO Isaias de Brito). 
 

The quality assurance and the support to ENC Producers are reflected in the improvement of the 
quality of the ENC produced by the IC-ENC, especially in Latin American countries. This was  
observed, on detecting fewer errors in each new validation of the Charts, and this way  
contributing to offer safer and more reliable end-user products delivered to the Maritime Commu-
nity. To further contribute to the IC-ENC's objectives, the LA-RENC also hosts Capacity Building 
activities of the IC-ENC. In Figure 4 the 2018 training in Niteroi, Brazil. 
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Figure 4: the 2018 LA-RENC Training Course (Niteroi, Brazil) 
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THE NEED TO PROMOTE CLOSER LINKS BETWEEN 
THE INTERNATIONAL HYDROGRAPHIC ORGANIZATION (IHO) 

AND THE INTERNATIONAL CARTOGRAPHIC ASSOCIATION (ICA) 
By R. Furness (Australia) 

 

Chair of the Commission on Marine Cartography 
of the Internation Cartrographic Association (ICA) 

 
Marine or nautical cartography is intrinsically present in the manifestation of visual-
ized hydrographic data in general and which is typically published in the form of 
nautical chart images (paper and digital), as well as associated products, for the 
broadening uses of mariners and society. The rightly proud achievements of the 
IHO’s Member States over the years in standardizing nautical charts, ENCs, RNCs 
and their production arguably has had an effect of rendering less visible to many the 
fundamental cartographic principles embodied within those products. It is suggested 
that familiarity of users and producers with such standardized images has led to a 
degree of unintentional insularity on the part of each organization with respect to the 
other. Arising challenges from technological imperatives in the last few decades de-
riving from, for example, massive data collection abilities, use of statistical data 
quality analysis, visualization necessities, automation opportunities for product pro-
duction methods, including printing and display efficiencies, increasingly suggest 
definite benefits from enhancing closer ties between the IHO and the ICA, thus 
building on potential synergies from the professional expertise that abounds in both 
organizations. 
 
Cooperation between the IHO and the ICA has been variously consistent over many 
decades, at least for the last twenty years or so. This was solidified in the form of a 
Memorandum of Understanding (MoU) signed in 2012 by the then Presidents of ICA 
and of the IHO Directing Committee. The MoU document encourages regular con-
tact between both organizations, especially through closer ties between their Com-
missions and Working Groups. This encouragement is promoted by the aim of this 
Note. 
 
Senior officers of both organizations have attended the Conferences of the other 
organization and, at the committee level, the ICA has strongly supported the work of 
the FIG/IHO/ICA International Board on Standards of Competence for Hydrographic 
Surveyors and Nautical Cartographers (IBSC). This support is evident through the 
direct and continuous membership on the IBSC of two Members (Ron Furness and 
Emeritus Professor Lysandros Tsoulos) since 2002, following an approach from the 
President of the then IHB Directing Committee and the Chairman of the then 
(Advisory) Board for ICA in 2001 for ICA support for the development and introduc-
tion of what became the Standards of Competence for Nautical Cartographers, cur-
rently promulgated by IHO as Publications S-8A and S-8B (www.iho.int/downloads). 
 
ICA support for IBSC is channelled through its Commission on Marine Cartography. 
This body was re-established as a Working Group in 2015 and elevated to the sta-
tus of a Commission at the 18th General Assembly of ICA, held contiguous to the 
29th International Cartographic Conference (ICC2019) that was conducted in Tokyo, 
Japan, during July 2019. 

http://www.iho.int/downloads
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The ICC2019 was very successful and illustrated the continuing significance of cartography with 
its overall theme Mapping Everything for Everyone that generated 44 sub-themes. The formal 
Opening Session was granted the honour of the presence of Their Imperial Highnesses, Crown 
Prince and Crown Princess Akishino with the 400 plus delegates packing the hall (with telecasting 
to another venue) receiving a supportive address from the Crown Prince. Overall, the Conference 
was attended by some 950 delegates from about 75 countries. They had the choice of 750 
presentations in 150 sessions that included Marine Cartography. Liaison between IHO and ICA is 
typically evident in the International Map Exhibition (IME) which is held during the international 
conferences. Sometimes, this has seen the separate classification of nautical charting, but more 
usually, as in IME2019, most exhibiting ICA Members include charting within their exhibits. Many 
nautical charts were displayed at IME2019, which displayed overall, some 385 exhibits from 30 
countries, and which was held in the vast public area of the Telecom Center Building in Daiba. 
Public access was a feature and a steady stream of visitors was able to view the exhibits in paper 
and digital forms. The International Children’s Map Competition attracted 188 maps from 33 coun-
tries. Twenty-two booths comprised the Technical and Commercial Exhibition and some 50 grants 
were made for young researchers. The Programme and Proceedings, as well as the details of the 
General Assembly, can be found at https://icaci.org/icc2019/. 
 
Much of the work of both IHO and ICA is conducted through their various Commissions and/or 
Working Groups. There is much to be gained from better cross-relationships and networking be-
tween the compatible groups and with each reaching out to at least achieving observer status be-
tween them. The following table identifies and suggests some potential liaisons. The full list of the 
ICA Commissions can be found at https://icaci.org/commission-proposals-2019-2013/ 
 
Table: Suggested IHO-ICA Commissions/Working Groups with sympathetic aims (not exclusive) 

 

IHO Body Suggested compatible ICA Commission 
Marine Spatial Data Infrastructures 
(MSDIWG) 

SDI and Standards 
Cartography in Early Warning and Crisis  
Management 

Crowd Sourced Bathymetry Working Group 
(CSBWG) 

Marine Cartography 
Ubiquitous Mapping 

IHO Data Centre for Digital Bathymetry 
(DCDB) 

Marine Cartography 

FIG/IHO/ICA International Board on Stand-
ards of Competence for Hydrographic Sur-
veyors and Nautical Cartographers (IBSC) 

Marine Cartography 
Education and Training 

IHO Nautical Chart Working Group (NCWG) Marine Cartography 

IHO Capacity Building Sub-Committee 
(CSBC) 

Marine Cartography 
Education and Training 
  

IHO S-100 Working Group (S-100 WG) SDI and Standards 
Open Source Geospatial Technologies 

IHO History and Heritage (IHO) Marine Cartography 
History of Cartography 
Cartographic Heritage 

https://icaci.org/icc2019/
https://icaci.org/commission-proposals-2019-2013/
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The full list of ICA Commissions, together with their detailed Terms of Reference, can be found at 
https://icaci.org/files/documents/generalassembly2019/24-commissions/24-tors.pdf. 
Specifically commenting on Marine Cartography, the Commission on Marine Cartography was 
established with the following Terms of Reference and an immediate period of existence of four 
years: 
 

 Disseminate information on Marine Cartography as the ICA Expert Marine Cartography Fo-
cus Group to ICA members and to other affiliated organisations, covering research on cartog-
raphy relating to the visualisation and management of ocean data. 

 Promote the establishment of a global network for marine cartographers using media to facili-
tate the strengthening of the access of interested communities to marine cartographic 
knowledge. 

 When practicable, foster and support local meetings for workshops on Marine Cartography 
and assist in engaging appropriate recognised experts. 

 Liaise and coordinate with other relevant ICA Commissions and Working Groups.  
 Liaise and coordinate with relevant groups from other organisations and associations (e.g. 

IHO, FIG, IGU...). 

 Provide appropriate qualified members representing ICA membership on the FIG/IHO/ICA 
International Board on Standards of Competence for Hydrographic Surveyors and Nautical 
Cartographers (IBSC). 

 Encourage and promote policies of equal opportunity wherever possible within the Marine 
Cartography profession. 

 
The Commission was proposed by Australia. Chair is Ron Furness (Australia); Vice-Chair, Emeri-
tus Professor Lysandros Tsoulos (Greece) and Secretary, Dr Shachak Pe-eri (United States). 
 
After their continuous contributions as members to the work of IBSC since 2002, the Chair and 
Vice-Chair are focussed on achieving a succession plan for their replacements. Furthermore and 
noting that IHO and FIG are both represented on IBSC by four members and that IHO additionally 
provides the Secretary, the IBSC itself has mooted a need to consider expanding ICA representa-
tion to four members, thus the ICA Commission will additionally need actively to seek out  
additional contributors to the ongoing vital work of the IBSC. The need arises from the increasing 
general workload of the IBSC as well as increasing interest in the development and maintenance 
of programmes that comply with S-8A and/or S-8B, the Standards of Competence for Nautical 
Cartographers. This is in addition to the maintenance of the Standards themselves. 
 
Partly to this end, any reader interested and who feels they are qualified and experienced to  
contribute through the ICA to the work of the IBSC is invited to make direct contact with either the 
Chair (Ron Furness ron.furness.ibsc@gmail.com) or Vice Chair (Lysandros Tsoulos  
lysandro@central.ntua.gr ). 
 
The aim of this Note has been to bring to the wider notice of readers the cooperative nature in the 
relationship between the IHO and ICA, with an objective of seeking to strengthen the relationship 
by building on opportunities presented from closer ties between the existing Commissions and/or 
Working Groups of each parent organization. The Members of the Commission on Marine Cartog-
raphy look forward to promoting and supporting such enhanced cooperation. 
 
 

https://icaci.org/files/documents/generalassembly2019/24-commissions/24-tors.pdf
mailto:ron.furness.ibsc@gmail.com
mailto:lysandro@central.ntua.gr
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 NaAVIC THE MOBILE APP FOR MARINE NAVIGATION 

USING STREAMED DATA 
By D. Peyton, A. Gerones, E. Kuwalek (IIC Technologies Inc.) 

and A. Alla (NaAVIC) 
 

 

ABSTRACT 
NaAVIC is a free and downloadable Electronic Chart System app, specifically  
developed for safe and professional navigation, functional on mobile devices and/or 
laptops. Downloading and updating of the electronic chart is not required because 
data is streamed in real-time from a cloud based open source database. The data 
supply engine behind NaAVIC is Nautilus Cloud, a cloud-based infrastructure  
designed for marine solutions and services that leverages high quality, open source 
components as its base technology. It uses open standards throughout to build a 
low-cost system which is flexible and has a much greater degree of interoperability. 
A key feature is the expansion of data holdings into a much wider family of related 
geospatial data products including the S-100 framework, harmonized metadata,  
raster and real-time sources. This enables the integration of real-time tides, weather, 
currents and other oceanographic information. 

 

1. INTRODUCTION 

1.1 Current chart carriage requirements 

The International Maritime Organization (IMO, 2019) is the United Nations specia-
lized agency with responsibility for the safety and security of shipping and the  
prevention of marine and atmospheric pollution by ships. The agency has  
established a comprehensive regulatory framework of over 50 international  
conventions and agreements that allow all of its 174 Member States to consistently 
implement and enforce a set of international maritime regulations. 

The International Convention for the Safety of Life at Sea (SOLAS) is one of the key 
IMO conventions as it sets minimum safety standards. SOLAS, specifically Chapter 
V, sets forth the safety of navigation provisions applicable to all vessels on all 
voyages. A key safety provision is the requirement for all ships to carry up to date 
nautical charts and publications on board to be able to plan and execute the  
intended voyage safely. The same Chapter V defines additional provisions related to 
the use of an Electronic Chart Display and Information System (ECDIS) as an  
accepted way of meeting the chart carriage requirements. 

 

1.2 Role of the International Hydrographic Organization (IHO) 

Although the IMO is responsible for establishing all key safety provisions which re-
quire type approved ECDIS to be used in conjunction with up to date official ENC 
data, it is the IHO who develops and maintains the portfolio of relevant data stan-
dards (IHO 2019), including: S-57 for data content and encoding, S-52 for data ren-
dering, S-58 for data validation, and S-63 for data protection specifically referenced 
by the IEC testing standard, which verifies an ECDIS against the IMO performance 
standard. The IHO is also working on the new family of S-100 standards that will 
eventually replace S-57 for ENC provision. 
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1.3 SOLAS and Non-SOLAS ships 
The rules surrounding carriage requirements for ECDIS equipment have evolved considerably 
over the last 25 years. The implementation path gradually transitioned ECDIS equipment loaded 
with Electronic Navigational Charts (ENCs) from being approved as permitted replacement for 
paper charts in 2002 to eventually becoming a mandatory system for almost all vessels on inter-
national voyages in 2018.  
The related rules were implemented using a rolling timetable factoring in vessel size, type and 
age to eventually make ECDIS mandatory for all vessels over 500 GT. This rolling implementa-
tion schedule distinguishes between the ships which must carry ECDIS and comply with all re-
lated provisions and those who do not. Fundamentally when an ECDIS is being used to satisfy 
SOLAS carriage requirements, it must: be type approved, have an adequate backup in place, be 
adequately maintained, remain compatible with the latest applicable International Hydrographic 
Organization (IHO) standards and use up to date ENC data. 

 

1.4 One SOLAS convention - two different user communities  
The ECDIS system is without a doubt one of the most significant advancements in marine navi-
gation. The efforts of countless professionals are paying off and we are observing a well-
established ecosystem with global data coverage, well established international standards, ma-
ture data distribution chains, and sophisticated bridge systems all greatly contributing to safety 
and operational efficiencies. 

At the same time, outside the primary SOLAS community, there is a much larger Non-SOLAS 
user community of smaller, mainly recreational boat operators which has considerably different 
operational needs. This community also has markedly different service level expectations. Ac-
customed to an instant information delivery, these users expect to simply turn on a mobile app 
and start navigating with real time data simply  "being there ", without having to go through a 
complex process of ordering official ENCs, waiting for them to arrive, manually uploading and 
updating them on a certified piece of equipment - the steps professional ECDIS users normally 
have to deal with. 

 

2. INNOVATIONS 

2.1 NaAVIC 

NaAVIC is a free and downloadable ECS app that can function on any mobile Android or iOS 
device, where the data, including the ENC information, does not physically reside within the on-
board device. The app offers a wide range of essential features needed to maintain safety and 
situational awareness while making navigation easier and more reliable. There is no downloa-
ding and local storage of data. All data, including chart data, is streamed in real-time from a fully 
maintained and up-to-date database. The data comes from the Nautilus Cloud, a cloud-based 
infrastructure specifically designed for marine data. The on-demand data delivery model is not 
confined to conventional chart data. Whilst it includes ENC-derived data as a base layer, it is al-
so designed to take additional data layers, like raster satellite imagery, high-resolution ba-
thymetry, weather radar imagery, predicted tides and currents, as well as real-time weather data 
streams and domain and locale-specific information. 
The technology is designed to provide the basis for maintenance and distribution services for 
any marine data supplier. The Nautilus Cloud adopts a  "cloud native " approach where the tech-
nology is built from components designed to run in cloud environments as well as leveraging 
open standards and open source components. The NaAVIC ECS can operate on real-time and 
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up-to-date information from data providers. This can include the government agencies looking to 
make more efficient the accessibility to their data without compromising its integrity. 
The app offers a comprehensive range of essential features needed to maintain safety and si-
tuational awareness while making navigation easier and more reliable. The result is a powerful 
and flexible system with a much greater degree of interoperability in its components. This com-
patibility includes the emerging S-100 framework, harmonized metadata, raster datasets and 
real-time sources. 

 

2.2 Core Navigation features  
Designed to provide a top of the line navigation experience, the NaAVIC app incorporates func-
tionality for increased safety and enjoyment, even for the unseasoned sailor. Unlike many other 
apps available in the market, NaAVIC provides full ENC support using familiar S-52 feature co-
lours and styles. This allows mariners to view the same content as normally seen on a type ap-
proved ECDIS, as data is rendered with high quality in the same way, in the app. 

With accurate positioning being essential to any voyage, the software application is integrated to 
the GPS on the mobile phone to allow for safe and intuitive navigation. This mobile GPS integra-
tion not only provides accurate positioning, but also underpins all the related functionality allo-
wing for route planning and sharing using waypoints. Mariners can save and share the existing 
routes with other fellow mariners for improved voyages. 
A set of features aid navigation by showing safety contours, maritime boundaries, navigation ha-
zards etc. Since staying on course and avoiding hazards while following a route is tantamount to 
any seafarer, route monitoring is another feature that makes NaAVIC the go-to app for sailing. It 
integrates tools that make route monitoring simple and effective with alarms and indicators 
helping ensure safety and avoid accidents. The mariner can create scripts in English and other 
languages and can also view feature names in their local language. In addition, data layers can 
be activated and deactivated at will for an optimum view of a geographic area.  

Figure 1 below provides a view of the app’s interphase and its key features.  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. NaAVIC ECS features. 
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2.3 Add on Features 
On top of its core navigation functionality, the app also has Add on Features to provide extra 
confidence during sailing.  Voyages and tracks can be stored to avoid repetitive tasks when tran-
siting regularly through an area. The mariner can also add annotations to tracks and locations to 
record elements of interest found in the route and points of interest can be added or removed as 
needed. The mariner can plan voyages either online or offline for added convenience. 
The app is also equipped with key navigation features like the capability to display high resolu-
tion bathymetric data and the details of wrecks and obstructions can be viewed in greater detail. 
Also, to make the app even more versatile, sailors can access online tides and weather data ser-
vices to obtain a more complete picture of the area they are transiting through. 

The goal is to provide the mariners with a complete view of the route, pairing features inherent to 
positioning and navigation with other important aspects like voyage info speed, bearing along 
with Estimated Time of Arrival, together with information on the next waypoint. Another exciting 
feature of the app is the capability to add Points of Interest during a voyage and the possibility to 
share them with fellow mariners and the sailing community in general. 
As mentioned in the previous section, one of the essential navigation features of the app is the 
capability to set up warnings and alarms, allowing the mariners to stay alert in the face of route 
changes or potential navigation hazards like low depth areas, etc. (Figure 2)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Warning set up in NaAVIC 
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2.4 Points of Interest 
With its wide array of options and functionality, NaAVIC presents a significant value, especially 
to the recreational users, whose access to reliable and up to date information can become diffi-
cult due to them requiring a different level of service from data providing agencies. On the other 
hand, traditional hydrographic offices can now have access to a solution that can help provide 
fast and efficient services to this other large community of users of navigational data. 
The app not only allows seafarers to navigate safely, but also implements all the benefits of mo-
dern mobile communications so that users can create communities and forums to stay in touch 
and send notifications to their fellow mariners on points of interest like hazards, fishing or diving 
areas or other elements that require attention during their voyage. 

In addition, the Points of Interest feature can also provide access to detailed localized informa-
tion about small craft facilities, local services, gas stations, current gas prices and many others 
that typically large vessels would not need. Recreational boaters can use this common informa-
tion to know where they can get services for their vessels, where they can go for a nice dinner or 
where to get gas. This makes NaAVIC a socially able application as mariners can post and 
share reviews and opinions related to specific details like the quality of a marina as well as tech-
nical services or amenities available in any given area. 

The importance of the Points of Interest feature becomes even more relevant to the sailors as it 
allows them to share and access information that is not included in the chart, pushing the versa-
tility of the app beyond the use of cartographic information for safe navigation. 

 

2.5 The Nautilus Cloud Framework 
The data powering the ECS is supplied by Nautilus Cloud, a cloud-based platform for marine 
data, designed for solutions and services within government organizations, industry and consu-
mers. Nautilus Cloud is an enterprise-grade system which is both flexible and has a much grea-
ter degree of interoperability with pre-existing components and multiple data sources. As such, 
Nautilus Cloud is optimized for import, validation, and data management, as well as commercial 
distribution of marine geospatial data for government organizations, the marine industry, and 
end consumers. Figure 3 illustrates the many additional ECS features that are supported by the 
Nautilus Cloud framework. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3. Geospatial features supported by NaAVIC ECS. 
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2.6 Key benefits 
One of the key features of Nautilus Cloud is the expansion of data holdings into a much wider 
family of related geospatial data products. It is designed to handle the many forms of marine 
geospatial data under the emerging IHO S-100 framework. The modular design allows front-end 
applications to access the spatial data feed on any platform, from desktop and mobile platforms 
to OGC-compliant (OGC 2019) web service clients and web map tile services for onward con-
sumption of data by other organizations. 

The NaAVIC ECS app takes full advantage of many advanced features provided by Nautilus 
Cloud making it possible for charting agencies to distribute pre-updated data in real-time. This 
includes distribution of temporal services such as tides, weather, currents and other oceanogra-
phic data. This achieves a group of three important requirements for the ECS: content, quality, 
and data updating. 

 

2.7 Reliability of data delivery 

NaAVIC addresses the concern of reliable internet connection by providing a smart, user-
controlled data caching functionality. It is capable of automatically caching data to ensure con-
sistent availability. Users, based on their environment, will be able to set the app to auto-cache 
required data ahead of time for a predefined area. Alternatively, they can interactively define the 
area to cache before departure. Even for users using the app in nearshore coastal areas where 
modern data networks have coverage readily available however, caching can fulfill an important 
redundancy feature. 

2.8 Key enablers  

The Nautilus Cloud platform has the following key features: 
- A ’cloud-native’ approach where the technology is built from components designed to be 

run solely from cloud environments. 

- A strong integration between data distribution and storage/management. 
- A system leveraging open source components as its base technology and which utilizes 

open standards exclusively building a low-cost system which is flexible with a great de-
gree of interoperability. 

2.9 Connecting the data producer and end user 
The approach taken is a conscious attempt to connect the user with the producer of nautical da-
ta. This closer engagement between supplier and consumer is a phenomenon often seen across 
the many domains in the geospatial industry. Data holdings are ever expanding and becoming 
more accessible, and under a common framework, S-100, which provides unparalleled opportu-
nities for compatibility and interoperability between previously unrelated marine geospatial do-
mains. 

This approach facilitates ’pluggable’ architecture and allows for extensible, customizable data 
imports into the system, future-proofing it for a wide variety of organizational use cases. Additio-
nally, a metadata management sub-system provides functionality to allow individual customers 
to easily generate metadata records compliant with their individual national metadata profiles. 
More closely connecting the data produced and end user also aligns well with the overall Marine 
Spatial Data Infrastructure (MSDI) vision for the data exchange between various user communi-
ties in the marine domain. A case could be made that in the future applications like NaAVIC 
should be able to connect to the MSDI systems hosted by the national agencies and dynamically 
discover and consume navigational data as needed in real-time. While this concept might seem 
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as something too futuristic now in reality it is not. The current NaAVIC app coupled with the Nau-
tilus Cloud infrastructure effectively realizes this very idea in practice and adding more distri-
buted nodes to this system to enable data to be streamed by multiple agencies is certainly 
achievable using our current platform. 

 

2.10  Intelligent voyage visualization 
NaAVIC and the Nautilus Cloud also aim to support the next generation of Intelligent Visualiza-
tion technology - "the right information at the right time " - adding a completely new dimension of 
customization to traditional geospatial data rendering engines. This will make data intuitively 
useable for end users and, through web services, to onward systems and derived applications. 
This technology aims to solve the issue of properly balancing the availability of a wide range of 
data layers available but only selectively displaying those of most relevance to the task at hand. 

 

2.11  Sharing the journey 

We are seeing with land-based journeys and within recreational activities as a whole, that users 
want to share. The desire to share individual experiences comes with a desire to benefit from 
collective experiences of like-minded people. This has propelled social media to be the pre-
eminent guidebook. 
Up until now, ECS catered to the person controlling all aspects of the vessel, including its navi-
gation. By utilizing a cloud-based approach with data streaming, NaAVIC ECS enables all mem-
bers of an expedition to more actively engage in the voyage as well as sharing that voyage to 
fellow ’marine friends’. It provides ways for everyone to have a more enjoyable boating expe-
rience, providing an easy way to monitor the route with the main navigator, to see the basic boat 
information such as location, speed and heading, and exchange information about various points 
of interest with friends. 
All users get access to community features, which include the capability to post messages, 
share pictures, locations and to record and share voyages. Users can also add location sensitive 
notifications. The app also enables crowdsourcing activities by allowing users to use a set of pre
-defined icons to capture items of interest to specific communities. For example, marking new 
diving spot locations for the diving user community is as easy as dropping a marker and the plat-
form will automatically share it with all other users, a specific group. Users can also keep all in-
formation private if they want to keep their findings to themselves! 

 

2.12  Flexible Business Model 

Nautilus Cloud's commercial distribution interface can assist organizations who need to sell data 
as part of their operating model. By offering both free and paid access to data, the system gives 
organizations the ability to switch between free and cost-recovery models as their demands dic-
tate. It allows the substitution of multiple disparate systems which may be already in place, with 
a system at substantially lower costs for implementation and support. 
The system uses a highly standardized data output interface and a comprehensive approach to 
data integrity which is crucial in the modern marine data environment. By providing open and 
efficient access to marine data, the system facilitates social and environmental value (e.g. provi-
ding easy standardized access for data to be used for marine pollution prevention, alternative 
energy production and marine research). 
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3. DATA NEEDS OF NON-SOLAS USER COMMUNITY  

3.1 Initial response to NaAVIC 
Ever since the original NaAVIC release back in 2018 we have enjoyed a positive response from 
the recreational boating communities and from various workboat communities alike. We have 
also seen NaAVIC steadily growing in popularity month over month, opening the opportunities 
for us to get comprehensive feedback directly from the end users. In general, NaAVIC users are 
very enthusiastic about the data streaming aspects and the app simply working out of the box 
without the need for manual chart data installation as this the model they are familiar with from 
using other mobile apps. Similarly, they appreciate a balance between the higher-end navigatio-
nal features and more fun oriented social sharing aspects. 

 

3.2 Use of ENCs by Non-SOLAS user community 
Interacting with NaAVIC users also enabled us to learn more about their existing chart and chart 
data use patterns. Although we have not conducted a systematic study, our internal findings indi-
cate that recreational boaters do not generally use the up to date products available. Instead, 
they often use a combination of outdated paper/raster chart products or 3rd party vector charts 
that have not been updated since they have acquired them, typically along with the equipment. 
The use of ENCs within the recreational boating seems to be minimal. The main reasons behind 
what appears to be a very limited ENC adoption are: costs, inconvenience of having to manually 
install and keep them update to date, as well as perceived low value proposition offered.  

 

3.3 Increasing ENC adoption by Non-SOLAS user community 
The contrast between the enthusiastic adoption of streamed, up to date ENC information pro-
vided by NaAVIC app and the limited adoption of ENC data otherwise by the same user group is 
a good indication that NON-SOLAS user community expects much different value proposition to 
be provided by the national hydrographic agencies. One which offers them the convenience of 
maintenance free portfolio of vector data at a much lower cost, ideally free of charge. In most 
countries, the current ENC licensing and cost recovery models make it very difficult for the re-
creational boaters to adopt ENCs in practice. 
Moving away from the traditional distribution model and using cloud-based infrastructure to 
stream the data instead while lowering the cost of data for Non-SOLAS use could dramatically 
change that. Doing so would have very minimal impact on the operational costs but would deli-
ver a significant public benefit by radically increasing safety for recreational boaters. 

 

4. CONCLUSION 
NaAVIC is a free and downloadable mobile ECS that represents a new approach where the 
electronic chart data does not physically exist within the onboard computer. After several years 
of continuous improvement and with an integrated team of developers and support staffers, 
NaAVIC has reached a maturity that makes it the ideal solution for small craft and recreational 
mariners. It is IIC Technologies´ goal to continue improving the app so it can become an irre-
placeable tool for any serious mariner. 

The app attempts to thrust the sailing experience several steps further with all the features it of-
fers to its users. The system provides a flexible business model by facilitating the ability to switch 
between free and cost-recovery models of data distribution as their requirements dictate. 

While the NaAVIC app mainly targets the Non-SOLAS user community, it showcases many ad-
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vanced capabilities for both the app and the underlying Nautilus Cloud that could be very useful 
for the SOLAS community as well. It is our goal to see these innovations eventually transitioning 
into both communities as we believe they would benefit greatly vessels alike. Some of the inno-
vations described aim to inspire both communities to see that the possibilities of streaming  
marine data real-time, consolidating multiple data sources and providing consistent data access 
to them is currently achievable. These advances can be used to power the next generation of 
ECDIS and ECS systems untimely benefiting all mariners. 
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Mr Ian HALLS, Director of National Hydrography Program at the Australian  
Hydrographic Office (AHO), passed away suddenly at the age of 58 on 28 May 
2019.  He was a leading Australian geospatial professional who was at the fore-
front of many ground-breaking initiatives during his lengthy career. 

Ian completed high school at Hurstville Boys High, Sydney, and joined the AHO 
in North Sydney in 1979.  During his initial fifteen-year service with the AHO he 
held various positions – Trainee Cartographic Draftsman (1979-1982), Drafting 
Officer (1982-1990) and Manager Branch Development (1990-1994).   

From 1994, Ian worked for ten years at L-3 Nautronix (formerly Hydrographic 
Sciences Australia) as both a Manager and Director; participating in the first  
real-time Electronic Chart Display Information Systems (ECDIS) sea trials in  
Australia and developing one of the world’s first ECDIS systems. He also  
developed hydrographic cartography training materials, which influenced a  
generation of hydrographers. 

From 2004 to 2009, Ian was self-employed and delivered on a number of key 
hydrographic surveying and cartographic compilation and auditing projects for a 
range of clients. 
Since 2009, Ian held several leadership roles within the AHO, and, at the time of 
his passing, was Director National Hydrography Program, responsible for the  
establishment of the Hydrographic Industry Partnership Program – a government 
and industry initiative for a more agile and responsive hydrographic capability in 
Australia's waters. 
Ian’s influence extended far beyond the work place.  He contributed to more than 
20 articles to industry journals and publications, and had been editor of the  
Australasian Hydrographic Society’s (AHS) Hippocampus newsletter.  In 2017 
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Ian was awarded an Order of Merit for service to the AHS. He made an outstanding contribution 
to the activities of the IHO over the last decades and, in particular as the Editor in Chief of the  
International Hydrographic Review during the period 2010-2019.  This academic engagement  
fulfilled one of his personal career goals: to share his knowledge to improve data, product and 
processes across the international hydrographic community.  His opinions and advice were highly 
valued, but given with a unique blend of authority and humility. 
Ian is survived by his wife Robyn, their three children, Alicia, Heather and Laura, and one  
grandchild. He was generous in sharing his time, expertise and wisdom with all those he came 
into contact with. The Australian and wider international hydrographic community have lost a true 
gentleman, a good friend and a highly valued member of the community. 


