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HDF5 encoding in ImoNav – first results



 08.04.2019 - 11.04.2019  Luis.Becker@bsh.de TWCWG4

Agenda

Introduction:

ImoNav Project

HDF5:

S-111 Encoding & Viewer

Outlook:

S-104 Encoding

01

03

02
HDF5

S-104



 08.04.2019 - 11.04.2019  Luis.Becker@bsh.de TWCWG4

01

• Project ImoNav - Integration of high resolution marine 

geodata into electronic navigation systems

• Develop an innovative high resolution navigation service 

for marine water ways (e.g. Elbe, German Bight) 

 Provide optimized water level forecast

 Implement new method to combine numerical model 

forecast with model output statistics  (MOS)

 Provide high resolution bathymetry for test bed

 Merge and harmonize data sets from different 

institutions

 Combine bathymetric data and water level forecast

Introduction
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Introduction01

 Automate all processes for operational production 

 Portray the data in ENCs and ECDIS

 Develop a communication concept for land - ship data 

transfer

 Deliver data according to IHO standards

 Water level height (S-104)

 Surface currents (S-111)

 Total water depth (???)
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HDF5: S-111 Encoding & Viewer02

Structure of S-111 – HDF5 Encoding: HDFView 3.0

• Example: Dataset for for

German Bight
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HDF5: S-111 encoding script02

Input file: 
model output

• Read data

• Convert units

• Return arrays
for speed, 
direction and
time

Create / read
metadata

• Read in general
metadata (for
institution)

• Create 
metadata from
input-arrays

• Return 
metadata
dictionaries and
according types

Write ouput: 
HDF5-File

• Create groups

• Create datasets
and write data

• Write metadata
as attributes to
the correct
hierarchy level

Code Structure (Python): Conversion of model output to S-111-HDF5-File
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HDF5: S-111 Data Coding Format 2 – Placement of metadata02

LvL1- Root content: General metadata as attribute [LvL 1]

LvL1 Group:        Type metadata as attribute [LvL 2]

LvL2 Group:  Instance metadata as attribute [LvL 3]

LvL3 Groups: Timestamp as attribute [LvL 4]

LvL4 Content: No metadata

Level 1 Content

Level 2 Content

Level 3 Content

Level 4 Content
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HDF5: S-111 Data Coding Format 2 – Structure of datasets02

• Compound array with two components (surfaceCurrentSpeed, surfaceCurrentDirection)

 Under each index a tuple is stored

• Missing value, landmask is -1
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How to deal with uncertainty?

• One value for the entire grid and forecast interval?

“Uncertainty Dataset – The (optional) uncertainty data is contained in a 

compound HDF5 dataset. There is a name and a value for surface current 

speed and direction. The default, denoting a missing value, is -1.0. “

“For practical purposes, the confidence level is 95% and the uncertainty is 

defined herein as 1.96 times the standard deviation of the differences between 

observed and predicted values “

HDF5: S-111 Data Coding Format 2 – Uncertainty02
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HDF5: S-111 Viewer02

S-111 – Visualization Tool

• Internal Tool: Basic approach for quick overview

• Python based application (Tkinter): GUI and some plotting functionality

• Currently able to plot DataCodingFormat 2 [Regular Grid] and DataCodingFormat 3 [Ungeorectified Grid] 

Testfile: Germany Testfile: USA 
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HDF5: S-111 Encoding & Viewer02

Testfile: France (Ungeorectified Grid)

• Binned data representation (1000x1000 points)

• Integration of Matplotlib – Toolbox for zoom & save functionality etc.
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Outlook: S-104 Encoding03

• S-104 Encoding analogous to S-111 (?)

Structure for DataCodingFormat 2 (regular grid) could be the same

Metadata and attributes have to be changed

Type Metadata

Feature Name Dataset
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Outlook: S-104 Encoding03
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Conclusion & Next steps04

• Most striking result in ImoNav so far:

 MOS-surface correction method is suitable to optimize water level forecast 

operationally

• Experience with HDF5-Encoding :

 Python has useful packages to write HDF5-Files (H5py)

 Metadata has to be placed carefully
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Thank you!

ImoNav is funded by BMVI, FKZ: 19F20118A-C


