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Low-cost, Interactive access
, , _ Steve Petruzza,
and visualization of large Giorgio Scorzelli,

scale scientific data Valerio Pascucci
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#CICot: Scalable Deployment: Exploration &
of 3.5TB of Weather/Climate Data in Real Time

Collaboration

Workflow

- Data creation ~— Processing
— Analysis

Simulation
Servers

= i Rendering

—" Video

IDX Data Server }-‘ e

+ Data Management
— Visualization

IDX cache Climate Data Converter

[climate data]

2006-07-01 = 00:09 UTC

Distributed Resources
— 3.5 PB of data store in NASA

*  7km GEOS-5 “Nature Run” — Primary ViSUS server in LLNL

e 1 dataset, 3.5 PB

* theoretically: openly accessible — Secondary ViSUS server in Utah

* practically: precomputed pics )
— Clients connect remotely

— Work without additional HPC resources
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Containerized on-demand conversion
and s’rreoming service (for ESGF data)

External tools data streaming interface

VISUS Container

request b
S data
y ESGF dataset requested in Yes Data Streaming
multires. format? Server

No Data
N
Wet?

OnDemand

: Web Viewer
Conversion

Web access and visualization
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High Performance Data Movements for Real-Time Access to
Large Scale Experimental Data (Dockerized server)

» Using a desktop client
(or a webviewer)
Prof. Ashley Spears was able to see the data
being acquired at APS
from her office at UoU

« Webviewer Demo:
Aluminum Foam
of similar size

Advanced Photon Source
49 (38)
Laboratory

® Bld gamng e National Laboratory, 5700
Cas me(IL60439

e P247+96 Woodridge, lin
aps.anl.gov

®
(©  Opennow: Open 24 hours v
9
D

Claim this business

Add a label

[£ Suggest an edit

Canada

Kot i\ ®
Washingten
ific Compu MISSOURI
jing Insiute.

United States
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NEON AOP data access

 NEON has a large amount of data that is shared with the community through their data portal

» There exist APIs to download those data in bulk
(per site, per year, per data product, now also by areq)

ne<n
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« For some data, such as sensor measurements, the portal provides an interactive navigation system

» For others, like Airborne Observation Platforms data, there is a long list of image files...

2D wind speed and direction

» There is a need to present
. . Site: ABBY (Abby Road)
O” AOP dOTO InTerOCTIVGW, Positions: * (harizontal; 000, vertical: 010)
where the users can preview,

Variables:

= Month: 2018-12 v

navigate, and ;;:i?;ifat ‘“mrmeWmWWWWWWWWWWWW

select/access/download
the data they need

eI [ W‘VNHMW [tk

20

Include

Filename

* Site Month  Size

oo

2017_ABBY_1_546000_5060000_image.tif
2017_ABBY_1_546000_5061000_image.tif
2017_ABBY_1_546000_5062000_image.tif
2017_ABBY_1_546000_5063000_image.tif
2017_ABBY_1_546000_5064000_image.tif
2017_ABBY_1_546000_5065000_image.tif
2017_ABBY_1_546000_5066000_image.tif
2017_ABBY_1_546000_5067000_image.tif
2017_ABBY_1_546000_5068000_image.tif
2017_ABBY_1_546000_5069000_image.tif
2017_ABBY_1_546000_5070000_image.tif
2017_ABBY_1_546000_5071000_image.tif
2017_ABBY_1_546000_5072000_image.tif
2017_ABBY_1_546000_5073000_image.tif
2017_ABBY_1_546000_5074000_image.tif
2017_ABBY_1_547000_5059000_image.tif
2017 ABRY 1 GAZ0NN BAGAANN imagn i

ABBY2017-06 13.61MB
ABBY2017-06 21.09 MB
ABBY2017-06 32.95MB
ABBY2017-06 30.23MB
ABBY2017-06 32.88 MB
ABBY2017-06 34.83 MB
ABBY2017-06 34.44 MB
ABBY2017-06 40.91 MB
ABBY2017-06 38.67MB
ABBY2017-06 35.13 MB
ABBY2017-06 29.52MB
ABBY2017-06 29.74MB
ABBY2017-06 32.44 MB
ABBY2017-06 27.54 MB
ABBY2017-06 6.68 MB

ABBY2017-06 19.35MB
ARBVONT.NE B7 84 MR

Showing 1 to 100 of 20,850 entries

AOP data
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CiCOE data access/visualization/management
efforts

« AOP data ingestion and publication

* Multiresolution streaming data access (via javascript, python,
C++)

* Experimented with fime series and hyperspectral data

« Experimented with mixed tile sources (Google Earth+AOP data)
 NEON endpoint for data discovery and viewer embedding

» Deployment experiments on CloudLab
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Data ingestion and publication

* R scripts to download AOP dataset (byFileAOP), can we
do bettere

« Data processing and management:

« extract the bounding boxes information from GeoTlFF and
generate scripts to convert each dataset

* Query NEON APIs to derive "month” value from file paths
« Populate Utah endpoint database

« Update the streaming server with the new datasets to make
available
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S _I_re O m i n g m Jgmm A Home £ Configure Server 2 Manage Data Lal Explore Data
server/data portal >ViSUS DataPortal

Ciao, you are working on the host dataportal, from here you can:

Provides streaming Gonfigure Manage Data Explore Data
access to data hosted v o i ol i e
locally or remotely =
AV O i | O b | e WiTh i n O List of datasets on this server

Docker container or
standalone installation

Apache module —— ‘oo E

DP3.30010.001-D07-2016_ORNL_2-L3-Camera-Mosaic-V1
View

DP3.30010.001-D08-2019_TALL_5-L3-Camera-Mosaic
View

Web Ul to manage and
i n g es-l- n eW d O .I.O S e .I-s DP3.30010.001-D08-2019_DELA_5-L3-Camera-Mosaic -




Utah NEON
APls endpoint

Handles requests to
/neonapi/products/{pr
oductCode}

Follows NEON APIs
syntax

Provide configuration
strings to access a
specific dataset

Datasets could be
relocated to other
streaming servers
fransparently
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// https://neon.visus.org/neonapi/products.php/DP3.30010.001

{

"data"

{

"productCode": "DP3.30010.001",
"siteCodes": [

r
1

"siteCode": "ABBY",
"availableMonths": [

"2018-07",
"2017-06"

"availableDataUrls": [

"server=https%3A%2F%2Fdataportal.sci.utah.edu%2Fmod_visus¥%3F&dataset=DP3.30010.001-D16-2018_ABBY_2-L3-Camera-

Mosaic-Ve1",

"server=https¥%3A%2F%2Fdataportal.sci.utah.edu¥%2Fmod_visus¥3F&dataset=DP3.30010.001-D16-2017_ABBY_1-L3-Camera-

Mosaic-v@1"

b

{

]

"siteCode™: "ARIK",
"availableMonths": [

1

"2017-05"

"availableDataUrls™: [

"server=https%3A%2F%2Fdataportal.sci.utah.edu%2Fmod_visus¥%3F&dataset=DP3.30010.001-D10-2017_ARIK_1-L3-Camera-

Mosaic-V@1"

b

]
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Datasets database
[ NEON APIs }
uery database i .
/Dataset name\ Query Web Viewer o

Server

Year Web server

Month — neon.visus.org

Visit number Data product info

KPuinc?tti(ce)n infO/ U en d pOI nt

Query
for available
“months”

List available
datasets info

Dataset name
Dataset

l of a DataProduct
location m—
Metadata . — — Query and stream data

Streaming server/s

|

NEON Data Portal / Client
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NEON integration (live) @:
. . . Basic RGB e
First InTegrOTIOH Vegetation indices (hyperspectral)

University of Florida deep learning tree classification (live):
This is a link to the viewer with the trees

Detailed view

Link to their main project

I Visualizations
Vegetation indices -

e C O m p O ﬂ e I’]T AT = AOP Data Viewer

mosaic

e I I I b e d d e d O S O I l This viewer allows for interactive exploration of remotely sensed data from the Airborne Observation Platform (AOP). Change the field site and flight for this data product using the tools below to stream different data into view. Pan

.f and zoom in the view to stream higher resolution imagery. This pilot data viewer is provided through a collaboration with the Visus Project at the Univeristy of Utah and more updates are planned for the future.

About Site ©® Year ® Flight ®
DOTOSGTS O nd TI me Collection and Processing SJER ~ Z ::I
M e Availability and Download 2017 2018 2019
n O VI g OTI O n Visualizations

& Download San Joaquin, CA-- March 2019 -- Flight 1/1 s d by OpenVisus €|

The parent window
pass the dataset

settings (retrieved
from the endpoint)
to the iframe (GET)
which provides the
rest of the
functionalities




Interoperability

Explored solutions to integrate in the same
visualization multiple “tile” sources

Proof of concept of use AOP data and Google
Earth

New version of data format and server will allow o
visualize AOP data in their geographical context



Application T.

Manage

3~ x- v tH

Properties Select
- &

Copy Jo =} New

Organize Open

« Free(F:) » VisusSlam

\system32\cmd. exe

| < >
|
2Titems  1item selected 471 bytes .

Type: Windows Batch File, Size: 471 bytes, Dat 471 bytes B Computer

.



Progressive vs Linear Computation of
Time Averages for Climate Simulations

Linear data access

14ID

160

RMSE

Progressive data access

&0 80

Cumputation Error
(red=traditional.green=progressive)

100 120 140 160

0.25 4

0.20 4

0.15 4

0.10 4

0.05

0.00

- Linear (standard approach)
—— Progressive (OpenVisus)

250 500 750 1000 1250 1500
Computation Time (iteration)

1750 20

Fle it

 Jupyter openvisus-progresive6 Last Checkpaint 04/11/2020 (autosevec)

Vew et Cel  emd  Weges e

B+ @R A N B C W en v @

Openvisus:

()

12

™ 3

™ (2]

™ 5]

RS

M from Toython.cora.display smport display, HTHL
display(HML{"<style>. container { width: ook Linportant; J</style'))

M smatplotlib notebook
amport az,sy
mport math
Smport matplotlib.pyplot 2 plt
amport rumpy a5 np
mport tine
from ipysidgats import *
from Openvisus import *

e Kot
P

J don’t want to use caching remove the

1 you use readdata() or set this to *

M DbModule. attach ()

Pythonngine s uorking fire

N/ # toad o detaser
datasetsLoadbataset(*https ://nolniya. ci utsh. ada/nod_visus? dataset=nature_2897_serl_hourly")

M rasolutions2i

def readbata
dstasat.getDefaul eTine(),

nfia. tosert
access_config = StringTree()
sccassadatasst.crastehccass (accass_config)
quary=Boxquery (dstasst, field, time,ord('r'))
quary.Lozic_box=lLozic_box
‘esalutions -push_back (rasolution)

datszat.oaginquery (ausry
datasat axacutequery (accass query)

data=ioray. _buffer,| =True, -

return dats

it

o 1500 1750 20
Computation Time (iteration)

M computaoly = Falsa
computa oLy = True
Tine.slaap(is)

nd = 1)
progressive

* Linear_t{progressive_t[t])

sche_dir=cache_directory))
4 origin=lover')

=rLom
Coutput + ((F-output) /(i+1.2)))
woutput, origin='lover’)

= np.doubla(rasdData(si

raar_tlprograssive_t[<]]
s, flald=datasat gatiialdsyana(*TOTANGSTR") , cacha dirscacha diractory))

-outputh)/ (141.9)))

o, originel.
ax.imshonCoutputh, origin='loer
srrorsL.appené (rnis(output, result))
=rrors2 . appans (rmsa(outputh, result))

¢ interval >1
§ dn rangs (intarval-1):
2rrorsL.sppand(arronsil-1])

=3[

(traditional) )
#x.plot(arrors2, col ve (Openisus)’)
plE.shou()

print("tine *,t,"\r"

trautput. shaps[6])+"
(output. shapal])+"

< troutput.shape[1])+" .rau”)
< troutput-shapa[1])+"-rau*)

print(output.shape)
print(""

tine 22 Linsar t- 228 prograssive £ 820

Stringlres_fromstring('caccess name-"Maltiplex” type-"multiplex™ <access name="cache® type="disk® chmod="ru" url="'scsche_dirs'/visus.idx" />
na())

ccess name="sounce” type=natuork” chaod="r" comprassi

1> <faccass




Integrated Data Acquisition, Management
and Computation for Neuroscience

(4) Interactive, Exploratory
(1) Data Source (2) Preliminary Ass?ssmentandFeed back
Interactive Analytics

a
&, -~

(3) Asynch ronous

Wl '/\‘ / .
=5

= .
- i _. -

‘l. e T -_..,--" |

idx data t ) remote query

Image data ‘ l

Parallel Processing

Transfer & Convert Create HTTP Request

HTTP Request Job

—— VISUS Server Management
Add IDX to ViSUS < »

config
visus e servce 4’[—““’}
idx data local query

Data

Movements

Image To IDX idx data

Converter

‘ Image data




EDIT  WVIEW  BOOKMARKS  NETWORK

enable_viewdep

progression

aqualty

gleamera
fles/1/0:/rmsearch/idx/MM360_March_4_2_/MM3E0_March_4_2_0..

| time

Velume 1

o w
£
<

i

) Marching eube
Palatts
/ Mash Render
B rolette
flo:///0:/resmarch/idx/MM360_March_4_2_/MM360_March_4_2 0...

time

Remote Monitoring of
Data Quality During Acquisition

iing. TIOB(4) NIOB(0) nthreads(12) 10(0/0/0) NET(0/0/0) RAM(1.39t/7.2gb/63.9gb) GPU{7.9mb/0/4.0gb) h



Online Acquisition and Interactive
Visualization of Terascale Microscopy




A Virtual Reality Visualization Tool
for Neuron Tracing (VRNT)

Conducted a design study with neuroanatomists at the Moran Eye Center to
develop a new tool for manual neuron tracing in VR

Tracing works similar to tilt brush, faster and more intuitive than desktop software
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Topology Aided Neuron Tracing
INn a Virtual Environment

We use the Morse-Smale
Complex to find a set of
candidate neuron arcs

neen
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Evaluation in a neuroscience lab and
outreach in a science museum




Python (Jupyter) scripting for local/remote data
processing and visualization on demand

PyDataset and PyViewer to simplify data exploration

region=(0.04, 0.95, 0.05,0.73,
0.15,0.15+0.1)

dataset=LoadDatasetPy ("visus.idx")

RGB, bounds=dataset.readData (region,-6)

viewer=PyViewer ()
viewer.addVolumeRender (RGBA, bounds)




Demo: Interactive Remote Analysis and
Visualization of 6TB Imaging Data

« EM datasets
of resolution:
130Kx130Kx340

6.4 TB of raw data

Web Server
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Demo: Interactive Remote Analysis and
Visualization of 6TB Imaging Data

« EM datasets
of resolution:
130Kx130Kx340

6.4 TB of raw data

:EDMAV
E§ We b Se rver Pascucci-23 &:d’/h i ':'.l. "“'“‘v'*‘i
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Deployment targets and extensions

Live addition to NEON website
* |dentify data products

* Complete data ingestion pipeline
* Dedicated data portal

* Management of geospatial
coordinate system

* Interoperability with google maps

for context
* Implement testing procedures

* Basic enhancements of
visualization and navigation

* Improve embedding (e.g., share)

Continuing support and advanced
features

* Scaling of and addition of new
data products

* Improve color blending of
orthomosaics

e Python support (for download
and scripting

e Collaborative user interface
» Support for LIDAR data

 Support for user/NEON data
upload
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References

« Utah endpoint
hitps://neon.visus.org/neonapi/products/{productCode}

* Endpoint and web viewer source code repository
https://qithub.com/sci-visus/neon-visus

« Documentation and other use cases
WWW.VISUS.Org




