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Challenges

data visualization
what you see is what you understand data investigation

non-limited data investigation and analysis

data management

handling the mass of data data processing
topo-bathymetric lidar datasets

data storage

long lasting data accessibility ~ filtering & classification
new methods and algorithms

data conversion
convert/processing of items but keeping all data fluent workflow

from raw data to end-user




Challenges - TopoBathy vs ALS

much larger lidar datasets and higher point densities

you need foreign mass datasets for processing (RGB values,
echosounder data, gauges)

data needs to be manipulated by input information to get the
correct data

} (not everything is coming from the sensor)
data might need to be manipulated strip wise, day wise, weather
wi se, e

different water surface models  might be needed for refraction
and runtime correction (need of calculated data)

water dependent influences within water column

different algorithms and correction approaches needed for topo
and bathymetric data  within one dataset
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Motivation

Higher amount of data processing 0 Easier to make mistakes
during processing

- Visualization for processing and quality control

- Keeping all processing steps and data to retrace processing

- Data conversion and export possibilities without loosing
information

- Merged datasets of different data sources

-> Fexible File Format For the Future ( F5)




Data

} Before doing data processing and
visualization one has to deal with data

BBig data sets
BMany different Kkinds
BMany formats

1 Data management and handling is important




Large Data

A Surveying produces big data sets (>100 GB to TBs)




tandard
Surveys
ACross Sections

AcCadastral Maps
ASurfaces, DTM

/ Satellite

Images




Many File Formats




Many File Formats

File
Format 1
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File Format Ne File Format
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Many File Formats

File
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Many File Formats
@ Easier collaboration
More time for science

Workgroup B \

Software
| 2
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Common
Data
Format




Requirements on a Data Format

Easy access

Sustainable Fg'st. and
(>10 years) efricient

Well documented L Huge data
and user community (Terabytes)

........................

Self- Huge variety
descriptive of data




- HDF5

Hierarchical Data Format 5

http:// www.hdfgroup.org/HDF5



http://www.hdfgroup.org/HDF5
http://www.hdfgroup.org/HDF5
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HDF5 - A few Analogies

File system
Binary XML file
(in a file)
PDF for Database
. (container for
numerical data .
array variables)
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HDF5 - Relationships
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HDF5 - Applications

Big simulations

Earth Science (Earth Observing System)
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HDF5 - Software Library

1 HDF5 Is a software library to handle the HDF5
file format

Software Application
A
HDF5 Library

Storage Medium ( hard disk)




HDF5 - Virtual File Drivers

+ HDF5 VFD allows to replace the storage
device access routines

Software Application
e ——

Storage Medium ( hard disk)




HDF5 VFD Overview

Local Data Access Remote Data Access

Anonymous
Read

Partial Write



HDF5 SSH VFD (work in progress)

1 Standard SSH server

B No special server
required , just place
HDF5 file where it can
be accessed via scp

v Allow partial file
acess

B Does NOT copy the
entire file, e.g.:

Local (region of interest )

o1 ]

L

A regular series of
tlocks from a 2D arravtoa
cottiguons sequetice at 8 certain
offsetin o 1D arrray.




HDF5 VFD Overview

Local Data Access Remote Data Access

— -

Streaming
Funded & Supported by:

}
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} Brandeis University, New York
Louisiana State University, Baton Rouge
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HDF5 - What Users Get

} A multi - platform library and tools built on over 10 years
experience in large data handling from the high
performance computing community (HPC)

1 A capability that:
B Lets them organize large and/or complex collections of data
B Gives them efficient and scalable data storage and access

B Lets them integrate a wide  variety of types of data and data
sources

B Guarantees long - term data integrity and preservation
B Supports remote file access (work in progress)




HDF5

Also allows to describe the structure of the
contents of a file

by




HDF5

How to store different

kinds of data sets
consistently in HDEFS?
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Fiber Bundle Data Model

http://www.fiberbundle.net



http://www.fiberbundle.net/

Initial Approach

The proper abstractions for
scientific data are known.
We just have to use them.

A visualization model based on the mathematics of fiber bundles :
David M. Butler and M. H. Pendley, Computers in Physics, Sep/Oct
1989, p 45 -51, 3(5)
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In Words

1 The total space E can be written locally as a

product space B 3 F of the base space B with
some space F.




F>

Designed for Scientific
Data

Provides High Level
Functions

Originates from
application in
numerical relativity

A Allows to write complicated data by a
few function calls



F>

Based on HDF5

L

Inspired by concepts of:
Topology Differential Geometry Geometric Algebra

..................................................................... R P S

Separation of Grids (Topology, Geometry, Coordinate Systems)
and Data - Fields

Field 'l '
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Grid

the base
space

AManifold describing the  base space
ATopology
ARefinement level
ACoordinate representation
AVertex positions in representation
ANeighborhood




FS ¢

ADataset holding numerical data
Aperk-cel | on the grid

Field | h.

AArray of arbitrary type, for example:

(vertex,

the fiber s
space Avector, BiVector, é
ATensor

AAny other user defined type

I
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F5 - Hierarchy

< Coordinates >

Topology

/ Grid

Time Slice

Visible for an user

Qer BundQ




GeoScience - Examples

A Multi Channel & Multi Resolution Images: A Point Cloud Data

A Full Waveform LIDAR:

t emissio




F5 -Example
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Table
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F5 - Commandline Tools

DFS

h5Is

AGood for overview and
data viewing

h5dump

=== AGood for inspecting
details

AXml conversion

\\.
F5Is
AFiber bundle
organized based
data viewing

hSdump -a /bar_none/foo quux.hS
Selecting a subset from dataset /foo in file quux.hS
hSdump -d /foo - . 3" -k quux.hS

ing dataset 'dset’ in file quux.hS to binary file "out.bin
ng a little-endian type

set -b LE -0 out.bin quux.hS

4) Display tuo packed bits (bits 0-1 and bits 4-6) in the dat,

hSdump -d t =M 8.1.4,3 quux.hS

[-F]1 [-h] [-H] file

print only time information
print informatien only for time 7
print information for all data in the given time range
print data ualues (might be a lot uith care)
; print the first ten data values for each field
print twenty data values starting from the tenth for e
output in XML
field and fragment information
print refinement information and non-standard topologi
how only quick information: which grids exist at which times
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F5 access via HydroVish

& vish =TT
File Options Inputs ing! lat’ P
RAM [ [ 13% | © 11s30 ?
Network | Scripting | iview | Online | Vewer1 (el
[<<tvetwork>> ~ | [N P2 B} unhide  Agemfo : L — T > ;
| Backgrounds | i | Colormeps | Create | Display |  Fiber |
. o - - -
gridname | dop20c_32583_6030_shift - | &
] v il
BONRIREN ift, (2 [0)[X

Field available 2t T=0
Type: Esgles: Vector

fieldname |PixelColors v

| Tmage data available.
Render time: 05

I

[Ostsee_Hafen-Ezsting-Northing-Elevation] found at T=0 I

=

Render time: 155,0059305145385
Renderstatus| =
bbox } i T ints_for_Flat’ _bbox= 1
colorfield FieldOnGridofdop20c_32583_6030_shift = field

intensity D ~ +0.191780980821902

Background ]

mode

range _range => range

size 1} +0.499999950000005

-J{+JIv["bJlc 2J1oflx

|-Status -

RenderStatus

fontsize [ +0.939393900000010

source Flat’ = i -

< m ]

sts | RGBAImage¥FieldonGridOfdop20c_32583_6030_shift | BoundingolumeOfFiatTexturedsplats : 3
This s a Vish object, named BoundinglolumeOfFatTexturedSplats.

It was created via Display/AnemoneSoundingVolume, which has been loaded from c:\vish\bin\arch-
x86_64-w64-mingwi2-Debug\ocean GLvish_eggs.vish

Information for code developers: This help text is provided through the Tbjece: :help () function. Implementations should
overload this function to display customized help information.

Loaded C:/AHM/ostsee_present/Ostsee_Hafen-Easting-Northing-Elevation.f5 as fiber bundle...




Thank you!
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[Supported Grid t ypes: |

A Uniform Grid

A Curvilinear Grid

A Rectilinear Grid

A Adaptive Mesh Refinement Grid (AMR)
A Point Cloud

A Lines

A Triangular/Quad and Mixed Surfaces

Grids can be fragmented (Blocks) having Ghost Zones

|
p

Grids can have refinement levels

\
-

Work in progress:

\ A Hexahedral Grid
A FEM Grid
A Connected Graph Data
A Eull Waveform LIDAR Laser Data







