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 Increasing complexity of nautical task 
– Higher traffic volume and densities  
– Reduction of navigable space 
– Larger ship size 
– Reduction of bridge teams 
– Economical and ecological pressure 

 Increasing data availability 
– Higher number of situation relevant data types  
– More data sources (sensors, other ships, shore…) 
– Higher resolution of data provision (spatial, temporal) 

Situational Awareness 
Safeguarding needs enhanced Support 
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Necessity to prepare information 
– Selecting and linking of relevant data 
– Evaluation and refinement of data 
– Human Centric Approach for presentation of 

information 

Vorführender
Präsentationsnotizen
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Reliance of Ship’s Navigation 
Navigator vs System 
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© http://www.marineinsight.com/future-shipping 
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Avoidance of Collision & Grounding 
dCPA/tCPA, Ship Domain (SD), and Ship Arena (SA) 
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 Open Sea Conditions 
– dCPA/tCPA  are usual identifiers of 

collision risk between ships 
 (distance/time to Closest Point of Approach)  

– SD is the safety area around a ship not 
to be violated (ships and obstacles) 

– Diversity of SD models result from 
determination & considered impacts   
(object of research)  

– SA describes the area around a ship to 
be monitored for SD protection            
(taking into account the needed time for collision avoidance actions) 

 Restricted Waters, Port Entries, Narrow Fairways,…. 
– dCPA/tCPA approach unusable due to restricted navigation area 
– Special SD taking into account specific conditions & maneuvers             

(navigational area and maneuver possibilities) 

© DLR 2016 (P. Banys) 
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Dimension of Ship Domain 
Influencing Factors 
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– Human factors (navigator 
education, experience…) 

– Ship Sensor error budget 
– Data error budget (data 

quality indicator, CATZOC…) 

– Data Supply Chain error 
budget 

Ship Centric factors Voyage Centric Factors System Centric Factors 
– Ship size (length, width) 
– Ship’s static characteristics   

(wind susceptibility)   

– Ship’s dynamic 
characteristics (maneuverability…) 

– Cargo: dangerous goods 
– Passenger 
– Speed 
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HPE (95%) and HPE (99.99%) during Q4/2014 

© DLR 2016 (FAA GPS Performance Analysis Report  - Report #86 - 2014)  

Example of error budget:  
HPE of GPS SPS 

HPE: Horizontal Positioning Error 
GPS: Global Positioning System 
SPS: Standard Positioning Service 

Vorführender
Präsentationsnotizen
Folie 6 oder 7
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(4) In integrated systems 
(ECDIS, INS) the data error 
budget may be accumulative. 

Data  
Error 

Budget 

Sensor 
Error 

Budget 

Voyage 
 Centric 

Extension 

Determining the dimension of 
the individual Ship Domain 
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(1) Ship’s size & characteristics 
define the dimension of the 
basic domain. 

        Basic  
SD 

(2) Voyage centric factors are 
increasing the basic risk and 
require an extension. 

(3) Each component used for 
decision support (Radar, ARPA, 
Compass, ENCs…) contributes to SD’s 
confidence. 

Residual error budget in 
data supply chain (static 
and dynamic) have to be 
determined & monitored 

© Michael Bergmann, 2016 
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 Data needs to be converted into 
information. 

 Human Centered Design (HCD) 
intents to present information in 
digestible way. 

 High error budgets in database 
cannot be rectified by the best 
systems. 

 Data quality needs to be a prime 
focus area. 
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Example 
 

QuickBird is a high 
resolution satellite owned 

and operated by 
DigitalGlobaL. 

Situation Awareness 
Data are the key element !  

http://www.satimagingcorp.com/gallery 

© Jeppesen, 2005: Data Validation Project 

(meters) 

Vorführender
Präsentationsnotizen
Top-down (Applikationsspezifische Anforderungen an Daten zur Situationserfassung und -bewertung) und Bottom-up (Verbesserung in Datenqualität und – quantität ermöglicht neue Intelligenz/Kompetenz)
Glaube, dass in dieser Darstellung die Bedeutung des Fehlerbudgets  deutlicher wird.

Bild: Lima (Peru)

http://content.satimagingcorp.com/static/galleryimages/quickbird-callao-lima-peru.jpg
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HCD and SQA Guidelines 
Reducing system error budget 
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• HCD and SQA Guideline recommends standards for system quality 
to reduce system error budget 

• It addresses need on data quality but doesn’t specify data quality standards 

IMO Guidelines on Human Centred Design and Software quality assurance (SQA) in e-navigation 

Vorführender
Präsentationsnotizen
Bild entzerrt.
Bildquelle nachtragen
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Data Supply Chain Certification 
Reducing data supply error budget 
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The Data Supply Chain Certification proposed to IHO is build on the experience of the aviation industry. 
DO-200A is defining the maximum accumulative error rate (10-8 for critical data) throughout the supply chain. 

From data quality standards for data creation….. 
 …..  to Data Supply Chain Certification covering the full supply chain 
  and reducing overall data error budget. 

S-57 Files 

ENC Files 

ISO Certification ISO Certification 

SENC Certification 

Validation Encryption Distribution 

Type 
Approval 

Extendable 
Data Supply Chain Certification 

(Data Quality, Integrity and Interoperability) 
Focus: data across entire supply chain 

Process 
Documentation) 

Focus:  
process within 

segment 

Data 
product 

standards 

Vorführender
Präsentationsnotizen
Schriftgröße
Implementieren von standardisierten Datenprodukten für Applikationen (Akzeptabel)
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Maritime Data Quality Aspects 
 

Based on RTCA DO-200A in Aviation 

1. Accuracy 
2. Resolution 
3. Assurance Level 
4. Traceability 
5. Timeliness 
6. Completeness 
7. Format 
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8. Data Integrity 
throughout the 
Supply Chain 

DSCC addition 

Vorführender
Präsentationsnotizen
Accuracy�Accuracy is the degree of conformity of a measured or calculated quantity to its actual (true) value.�
Resolution�Image resolution describes the detail an image holds. Higher resolution means more image detail. Image resolution can be measured in various ways. Basically, resolution quantifies how close lines can be to each other and still be visibly resolved.�
Assurance Level� Critical�  Catastrophic: Failure conditions that would prevent continued safe voyage.�  Hazardous: Failure conditions that would reduce the capability of the ship or the ability of the crew to cope with adverse operating conditions to the                 �                   extent that there would be:�                   (1) a large reduction in safety margins or functional capabilities,�                   (2) physical distress or higher workload such that the crew could not be relied on to perform their tasks accurately or completely, or�                   (3) adverse effects on occupants including serious or potentially fatal injuries to a small number of those occupants.�Essential�    Major: Failure conditions that would reduce the capability of the ship or the ability of the crew to cope with adverse operating conditions to the �               extent that there would be, for example, a significant reduction in safety margins or functional capabilities, a significant increase in crew �               workload or in conditions impairing crew efficiency, or discomfort to occupants, possibly including injuries�    Minor: Failure conditions that would not significantly reduce ship safety, and that would involve crew actions that are well within their capabilities. �              Minor failure conditions may include, for example, a slight reduction in safety margins or functional capabilities, a slight increase in crew �              workload, such as routine voyage plan changes, or some inconvenience to occupants.�  Routine�    Failure conditions that do not affect the operational capability of the ship or increase crew workload.�
Traceability�Traceability refers to the completeness of the information about every step in a process chain. It is ability to chronologically interrelate the uniquely identifiable entities in a way that is verifiable. It is the ability to verify the history, location, or application of an item by means of documented recorded identification.�
Timeliness� Done at the proper time. Happening or appearing at the proper time.�
Completeness� Having all necessary parts, elements,  components, or steps.�
Format�-> A computer program accepts data as input in a certain format, processes it, and provides it as output in the same or another format. Generically, data formats tend to fall into bitmaps that describe images and/or sound patterns, text formats, and numeric data formats.�-> A content format is a system of converting data to information. Content formats are used in recording and transmission to prepare data for observation or interpretation. Observable data is often known as raw data, or raw content. In addition to converting data to information, a content format may include the encryption and/or scrambling of that information.
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DSCC in Integrated Systems 
e-Navigation implementation 
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Spanning full supply chain: 
Data Producers -> End Users 

Vorführender
Präsentationsnotizen
End systems >> End Users:    Ende der Kette ist visualiserte Information, deshalb End User
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Conclusions 

 In the ever more complex environment navigators need support by 
integrated systems to ensure Situational Awareness. 
 The concepts of “Ship Domain” and “Ship Arena” are appropriate 

approaches to evaluate the situational centric risk. 
 Generally, the qualification of SD approach for reliable decision 

finding requires  
– more research to better define the different factors influencing the ship 

domain (static/dynamic); and 
– the provision of means to determine and monitor error budgets within 

integrated systems. 
 In particular,  

– human factors may need an improved quantification of errors & risks; 
– standardized data quality indicators are needed (e.g. see IHO DQWG); 
– DSCC (static/dynamic) needs to be established to ensure the reliable 

data supply error budget and to indicate the level in during delivery. 
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THANK YOU ! 

Michael Bergmann MBA AFNI AFRIN 

michael.bergmann@jeppesen.com 
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