




 Scientific Visualization
– R&D + support 

for visualization of scientific data

 Virtual Reality
– VR systems

for the analysis and presentation

 Multimedia
– multimedia productions 

for websites, presentations
or on TV

Visualization at JSC
Algorithm, Tools and Methods Lab Visualization

Domain-specific User Support and Research at JSC

http://www.fz-juelich.de/ias/jsc/EN/Expertise/Support/Visualization/_node.html
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Getting Started
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Scientific Data
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<?xml version="1.0"?>

<VTKFile type="Collection" version="0.1" byte_order="LittleEndian">

<Collection>

<DataSet timestep="50"group="" part="0" file = 
"/private/sutmann/vts_Exercise_50.vts"/>

<DataSet timestep="100"group="" part="0" file = 
"/private/sutmann/vts_Exercise_100.vts"/>

<DataSet timestep="150"group="" part="0" file = 
"/private/sutmann/vts_Exercise_150.vts"/>

……

</Collection>

</VTKFile>



<?xml version="1.0"?>

<VTKFile type="StructuredGrid" version="0.1" byte_order="LittleEndian">

<StructuredGrid WholeExtent="0 47 0 47 0 151">

<Piece Extent="0 47 0 47 0 151">

<PointData>

<DataArray type="Float32" Name="Velocity" NumberOfComponents="3" format="ascii">

-0.21008299291 -0.051097899675 -0.04968290031 0.16106699407 -0.065898902714 0.010098299943

0.10389400274 0.19959899783 -0.16598799825 0.15902400017 0.20383499563 -0.017544399947

………

</DataArray>

</PointData>

<CellData>

</CellData>

<Points>

<DataArray type="Float32" Name="Points" NumberOfComponents="3" format="ascii">

-48.916801453 -49.018299103 -149.00500488 -46.871700287 -48.936100006 -149.16099548

-44.773601532 -48.920101166 -149.07600403 -42.637401581 -48.958599091 -149.1734432

. . .

</DataArray>

</Points>

</Piece>

</StructuredGrid>

</VTKFile>
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<?xml version ="1.0" ?>

<!DOCTYPE xdmf SYSTEM "Xdmf.dtd" []>

<Xdmf Version="2.0">

<Domain>

<Grid Name="sphere" GridType="Uniform">

<Topology TopologyType="3DCoRectMesh" NumberOfElements="2048 2048 2048"/>

<Geometry GeometryType="ORIGIN_DXDYDZ">

<DataItem Dimensions="3" NumberType="Float" Precision="4" Format="XML">

-1024.000000 -1024.000000 -1024.000000

</DataItem>

<DataItem Dimensions="3" NumberType="Float" Precision="4" Format="XML">

1.000000 1.000000 1.000000

</DataItem>

</Geometry>

<Attribute Name="distance" AttributeType="Scalar" Center="Node">

<DataItem Dimensions="2048 2048 2048" NumberType="Float" Precision="4" 
Format="HDF">

/viswork/hdf5Test/test_32768.h5:/sphere

</DataItem>

</Attribute>

</Grid>

</Domain>

</Xdmf>



<?xml version ="1.0" ?>

<!DOCTYPE xdmf SYSTEM "Xdmf.dtd" []>

<Xdmf Version="2.0">

<Domain>

<Grid Name="flow" GridType="Uniform">

<Topology TopologyType="Tetrahedron" NumberOfElements="13340987">

<DataItem Format="HDF" Dimensions="13340987 4">

out.h5:/flow_Cells

</DataItem>

</Topology>

<Geometry GeometryType="XYZ">

<DataItem Format="HDF" NumberType="Float" Precision="8" Dimensions="2286605 3">

out.h5:/flow_Points

</DataItem>

</Geometry>



<Attribute Name="u" AttributeType="Scalar" Center="Node" >

<DataItem Format="HDF" NumberType="Float" Precision="8" Dimensions="2286605">

out.h5:/u

</DataItem>

</Attribute>

<Attribute Name="v" AttributeType="Scalar" Center="Node" >

<DataItem Format="HDF" NumberType="Float" Precision="8" Dimensions="2286605">

out.h5:/v

</DataItem>

</Attribute>

<Attribute Name="w" AttributeType="Scalar" Center="Node" >

<DataItem Format="HDF" NumberType="Float" Precision="8" Dimensions="2286605">

out.h5:/w

</DataItem>

</Attribute>

<Attribute Name="p" AttributeType="Scalar" Center="Node" >

<DataItem Format="HDF" NumberType="Float" Precision="8" Dimensions="2286605">

out.h5:/p

</DataItem>

</Attribute>

</Grid>

</Domain>

</Xdmf>
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Still Render Image Reduction Factor: image subsampling 
for still rendering

•

• Image Reduction Factor: image subsampling for interactive 
rendering

• Image Compression: LZ4, Squirt or Zlib for image 
compression



4 x Visualization Login Nodes
 juwelsvis.fz-juelich.de

 (juwelsvis00 to juwelsvis03 in
round-robin fashion)

 768 GB RAM each

 1 GPUs Nvidia Pascal P100 per node

 12 GB RAM on GPU

No specific Visualization Batch Nodes

Visualization at JSC
JUWELS: General Hardware Setup
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Keep in mind:
Visualization is NOT limited to vis. nodes ONLY.

(software rendering is possible on any node)



User’s Work-
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Remote 3D Visualization
General Setup
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User’s Work-
station

Remote 3D Visualization
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Remote 3D Visualization
at Jülich Supercomputing Centre

 X forwarding + Indirect Rendering
slow, maybe incompatible  bad idea

 “remote aware” visualization apps (ParaView, VisIt)
application dependent, error-prone setup

 Xpra - stream application content with H.264 + VirtualGL
fast, our recommendation  good idea

 VNC (Virtual Network Computing) + VirtualGL
full remote desktop, but slower than Xpra  medium good 

idea



Remote 3D Visualization
with Xpra (or VNC) + VirtualGL

 X-applications forwarded by Xpra (or VNC) appear on the local desktop as normal 
windows 

 allows disconnection and reconnection without disrupting the forwarded application

 advantages
 No X is required on user´s workstation (X display on server).
 No OpenGL is required on user´s workstation (only images are send).
 Quality of visualization does not depend on user´s workstation.
 Data size send is independent from data of 3d scene.
 Disconnection and reconnection possible.

 VirtualGL for hardware accelerated rendering: use vglrun <application>
 it intercepts the GLX function calls from the application and rewrites them.
 The corresponding GLX commands are then sent to the X display of the 3d X 

server, which has a 3D hardware accelerator attached. 

 Good solution for any OpenGL application e.g. ParaView, VisIt, IDL, VMD, PyMol, …

https://xpra.org/



 How to start Xpra-Session:

 At JSC: Within JupyterLab@JSC https://jupyter-jsc.fz-juelich.de

 Alternative: start session manually, see next slides

Xpra Integration in JupyterLab@JSC



Remote 3D Visualization
with Xpra + VirtualGL

HowTo start an Xpra session
1. SSH to HPC system, authenticate via SSH key pair

2. Load modules and start an application via Xpra.
E.g. start an xterm:
xpra start --start=xterm

Look at the output and note the display number,
e.g. „Actual display used: :3“

3. start local Xpra client and connect to remote display

4. Start visualization application in the xterm
5. Stop the Xpra session by xpra stop :3
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Step 1: login to a (visualization) login node

 Linux:
ssh <USERID>@juwelsvis02.fz-juelich.de

 Windows:
connect via a ssh client, e.g. PuTTY. The PuTTY ssh keyagent
pageant may be usefull, too.

Setup Xpra



Step 2: start xpra on HPC node and notice the display-
number in the output

For example, start an xterm:

jwvis02> module --force purge

jwvis02> module use otherstages

jwvis02> ml Stages/Devel-2020  GCCcore/.9.3.0 xpra/4.0.4-Python-
3.8.5

jwvis02> xpra start --start=xterm

...

Actual display used: :3

 The display-number is needed to connect to the Xpra session

Setup Xpra



Step 3: connect to Xpra session

Install Xpra on your local machine. Download from
www.xpra.org

Linux: use command
local_machine> xpra attach
ssh://USERNAME@juwelsvis02.fz-juelich.de/3

Windows: use Xpra GUI:

Setup Xpra



Step 4: start visualization application
After successful connection, an xterm window will show up on your local
desktop.

Start your application there, e.g. ParaView:

Step 5: When you are done, stop the session by
jwvis02> xpra stop :3

Setup Xpra



• ParaView can be fully controlled by a Python script

Reasons to do this:

• For batch processing of data (many files, many time steps, 
many different visualization methods)

• To store and reconstruct (and to document) the state of a 
(complex) ParaView pipeline

• As a workaround for some ParaView flaws

• e.g. memory leak when loading time steps:
close and restart ParaView every N frames (just to clear 
the memory) and let the script resume the animation 
exactly at that point
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• The GUI is a good tool to prototype the scene, especially 
pipeline properties, color tables and camera positions

• Automated facility for creating Python scripts: Tracing

• Tools -> Start Trace to begin trace recording, 
Tools -> Stop Trace to end it

• Produces a python script that
reconstructs many (not all )
actions performed in the GUI

• Script can be started by
pvpython ./script.py

• Images can be saved by
SaveScreenshot(„./foo.jpg“, renderView, 
ImageResolution=[1920,1080])



• Color tables can be saved in the GUI and loaded in the script 
by

ImportPresets('colortable.json')

• Camera positions can also be saved in an xml file and loaded 
in the script by

import xml.etree.ElementTree as ET
from paraview.simple import *

def assignCameraParameters(root, camera, camIdx):
camera.SetPosition( (root[camIdx-1][1][0][0][0][0].attrib['value']), (root[camIdx-

1][1][0][0][0][1].attrib['value']), (root[camIdx-1][1][0][0][0][2].attrib['value']))
camera.SetFocalPoint((root[camIdx-1][1][0][0][1][0].attrib['value']), (root[camIdx-

1][1][0][0][1][1].attrib['value']), root[camIdx-1][1][0][0][1][2].attrib['value']))
camera.SetViewUp((root[camIdx-1][1][0][0][2][0].attrib['value']), (root[camIdx-

1][1][0][0][2][1].attrib['value']), (root[camIdx-1][1][0][0][2][2].attrib['value']))
camera.SetParallelScale((root[camIdx-1][1][0][0][6][0].attrib['value']))

tree = ET.parse('camera.pvcvbc')
camera = GetActiveCamera()
assignCameraParameters(tree.getroot(), camera, 1)
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from paraview.simple import *
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from paraview.simple import *

import os

os.chdir(“path_to_directory”)

sphere = Sphere()

Show()                          

Render()                       

WriteImage("test1.png") 



Hide()

shrink=Shrink()

Show()

Render()

WriteImage("test2.png")



help(sphere)

print sphere.ThetaResolution

sphere.ThetaResolution=16

Render()

WriteImage("test3.png")

print shrink.ShrinkFactor

shrink.ShrinkFactor=0.25

Render()

WriteImage("test4.png") 



wireframe=ExtractEdges(Input=sphere)

Show()

Render()
WriteImage("test5.png")
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8.3082,  54.9250,  46

12.7253,  54.4367,  42

6.0939,  50.7547,  29

8.5484,  52.0232,  26

6.8746,  51.8620,  32

6.9769,  51.5260,  28

7.4575,  51.5369,  25

. . . . .



def setOutputTimesteps(algorithm, timesteps):

"""helper routine to set timestep information"""

executive= algorithm.GetExecutive()

outInfo = executive.GetOutputInformation(0)

outInfo.Remove(executive.TIME_STEPS())

for timestep in timesteps:

outInfo.Append(executive.TIME_STEPS(), timestep)

outInfo.Remove(executive.TIME_RANGE())

outInfo.Append(executive.TIME_RANGE(), timesteps[0])

outInfo.Append(executive.TIME_RANGE(), timesteps[-1])



def getFileList(fpath, fprefix, fpostfix):

"""get all files"""

import os

files=[]

for i in os.listdir(fpath):

if os.path.isfile(os.path.join(fpath,i)) \

and fprefix in i \

and fpostfix in i:

files.append(i)

files.sort()

return files

def getTimeTuple(fname, fprefix, fpostfix):

"""get timetuple from file name"""

import time

import datetime

ftime_str = fname[len(fprefix):-len(fpostfix)]

ftimetuple = 
time.mktime(datetime.datetime.strptime(ftime_str,"%Y%m%d_%H%M").timetuple())

return ftimetuple



def getTimestepsFromFiles(files, fprefix, fpostfix):

"""generate timestap from filename"""

ref_ftime = 0.0

ftime_sec = []

for i, fname in enumerate(files):

cur_ftime = getTimeTuple(fname, fprefix, fpostfix)

if i == 0:

ref_ftime = cur_ftime

ftime_sec.append(cur_ftime -ref_ftime)        

ftime_h = [ x / 3600 for x in ftime_sec ]  

ftime_h_int = [int(i) for i in ftime_h]

return ftime_h_int



# get all files

fpath="/data/30-Projekte/2018-03-
12_TagDerWissenschaft/m.schultz/"

fprefix="TOAR_"

fpostfix=".csv"

files = getFileList(fpath, fprefix, fpostfix)

timestamps = getTimestepsFromFiles(files, fprefix, fpostfix)

# get time-steps

setOutputTimesteps(self, timestamps)



def GetUpdateTimestep(algorithm):

"""Returns the requested time value, or None if not 
present."""

executive = algorithm.GetExecutive()

outInfo = executive.GetOutputInformation(0)

return outInfo.Get(executive.UPDATE_TIME_STEP()) \

if outInfo.Has(executive.UPDATE_TIME_STEP()) else 
None

*** getFileList, getTimeTupe, getTimestepsFromFiles as above



def getFileFromTimestep(tstep, fpath, fprefix, fpostfix):

"""generate filename for time-step"""

import time

import datetime

files = getFileList(fpath, fprefix, fpostfix)

timestamps = getTimestepsFromFiles(files, fprefix, fpostfix)

# get a tstep, which we have data for

ret_tstep = min(timestamps, key=lambda x:abs(x-tstep))

# get date-string from tstep

ref_ftime = getTimeTuple(files[0], fprefix, fpostfix)

ftimetuple = time.localtime(ref_ftime + ret_tstep*3600)    

tstr = time.strftime("%Y%m%d_%H%M", ftimetuple)

# create filename

ret_fname = fpath + fprefix + tstr + fpostfix

return ret_tstep, ret_fname



def readCSVFile(fname, output):

import math

import csv

import vtk

newPts = vtk.vtkPoints()

valArray = vtk.vtkDoubleArray()

valArray.SetName('Ozone')

valArray.SetNumberOfComponents(1)

# fill VTK objects

with open(fname) as csvfile:

csvReader = csv.reader(csvfile, delimiter=',')

numPts = sum(1 for row in csvReader) 

i = 0

csvfile.seek(0)

for row in csvReader:

# read row

# longitude, latitude, (ozone) value [letzterer in nmol mol-
1]



lon = float(row[0])

lat = float(row[1])

val = float(row[2])

# convert longitude,latitude,altitude to x,y,z

# spherical coordinates to cartesian coordinates on a unit 
sphere (radius=1)

radTmp = math.cos(lat);

z = math.sin(lat);

x = math.cos(lon +1.5*math.pi) *radTmp;

y = math.sin(lon +1.5*math.pi) *radTmp;

i = i+1

newPts.InsertPoint(i-1, x,y,z)

valArray.InsertValue(i-1, val)

output.SetPoints(newPts)

output.GetPointData().AddArray(valArray)



# req_time is the requested time-step.

# This may not be exactly equal to the time-step published in 
RequestInformation() (the code must handle that)

req_time = GetUpdateTimestep(self)

# Use req_time to determine which CSV file to read

fpath="/data/30-Projekte/2018-03-12_TagDerWissenschaft/m.schultz/"

fprefix="TOAR_"

fpostfix=".csv"

ret_time, ret_fname = getFileFromTimestep(req_time, fpath, fprefix, 
fpostfix)

# read CSV file

#pdo = self.GetPolyDataOutput()

readCSVFile(ret_fname, output)

# Mark the time-step produced

output.GetInformation().Set(output.DATA_TIME_STEP(), ret_time)











<?xml version="1.0"?>
<ServerManagerConfiguration>

<ProxyGroup name=„filters“>
<SourceProxy name=„MyCellDerivatives“ class=„vtkCellDerivatives“ label=„My Cell Derivatives“>

<Documentation
long_help=„Create point attribute array by projecting points onto an elevation vector.“ 
short_help=„Create a point array representing elevation.“>

</Documentation>
<InputProperty

name=„Input“
command=„SetInputConnection“>

<ProxyGroupDomain name=„groups“>
<Group name=„sources“/>
<Group name=„filters“/>

</ProxyGroupDomain>
<DataTypeDomain name=„input_type“>

<DataType value=„vtkDataSet“/>
</DataTypeDomain>

</InputProperty>
</SourceProxy>

</ProxyGroup>
</ServerManagerConfiguration>







int vtkCSVImageReader::RequestData(   vtkInformation *request,
vtkInformationVector **inputVector,
vtkInformationVector *outputVector );

int vtkCSVImageReader::RequestInformation( vtkInformation *request,
vtkInformationVector **inputVector,
vtkInformationVector *outputVector)









<?xml version="1.0"?>
<ServerManagerConfiguration> 

<!– Begin CSVImageReader -->
<ProxyGroup name=„sources“> 

<SourceProxy name=„CSVImageReader“ 
class=„vtkCSVImageReader“> 

<StringVectorProperty name=„FileName“ 
number_of_elements=„1“ 

command=„SetFileName“> 
<FileListDomain name=„files“/> 

</StringVectorProperty> 
<StringVectorProperty

name=“FieldDelimiterCharacters”
command=“SetFieldDelimiterCharacters”
number_of_elements=”1”
default_values=”,”/>

</SourceProxy> 
</ProxyGroup> 
<!– End CSVImageReader -->

</ServerManagerConfiguration>



<?xml version="1.0"?>
<ParaViewReaders>

<Reader
name=„CSVImageReader“ 
extensions=„csvimg“ 
file_description=„csv Image data“>

</Reader>
</ParaViewReaders>



CMAKE_MINIMUM_REQUIRED(VERSION 2.6)
PROJECT(CSVImageReader)

FIND_PACKAGE(ParaView REQUIRED)
INCLUDE(${PARAVIEW_USE_FILE})

ADD_PARAVIEW_PLUGIN(CSVImageReader "1.0"
SERVER_MANAGER_XML CSVImageReader.xml
SERVER_MANAGER_SOURCES vtkCSVImageReader.cxx
GUI_RESOURCE_FILES GUI.xml)
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