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Outline

DTS?

Brief background on building blocks
* Medici

* Versus

Sample use cases

« Census
« LSVA
» Great Lakes Monitoring / IML-CZO

A few more details about DTS
Adding tools

 Extractors
Metrics




Data Tilling Service

« Till (v): “to prepare and cultivate (land) for crops” (google)

« Data Tilling (v): To prepare and cultivate (data) for
analysis

« Tillage (n): “is the agricultural preparation of soil by
mechanical agitation of various types, such as digging,
stirring, and overturning.” (wikipedia)

« Data Tillage (n): Is the computational preparation of data
by algorithmic agitation of various types, such as digging,
stirring, and overturning




Data Tilling Service

What falls out
Data

+
Metadata

View into
the raw
data




(Pre) Data Analysis

* Not necessary data cleaning

* More like metadata extraction

* Not full analysis / Not perfect results

* Apply as many methods as possible

« Support the user in finding the metadata they need

Meta

/ data

Meta

Original

data \
File
/ \ Meta




Bookmarklet

/ Web Browser \
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Extractors

R
Metadata




Extraction Bus

l File / Dataset / Section

‘ Extraction Bus

g /N

Image Image 3D
(Java) 3D (Python) (Python)
(Java)
: Video
Video (Python)

(Java)




2 building blocks

MEDICI & VERSUS




Medici - Data Management for Research Data

n ' 086 /powse  x -
. y I e ype & C' [ localhost:9000/datasets, /527b257d3004062aac407bc9 % Cdeo=
i Colectosw  Dotasehe  Flesw Logout (LugiMor)  Admin B

» Like a file system or cloud
storage

« Upload first, organize later

» Social curation

« Tags, collections, datasets,
spaces, generic metadata

« Extensible
« Creating new data extractors Organize, Search, Analyze

» Creating new data previewers




Open source

 Install service on your own resources

 \We host instances at NCSA
18 instances for SEAD Datanet
15 other instances

 Brown dog DTS maintained by NCSA

* All code available can be installed and maintained somewhere
else




Timeline

« v.1 Development started November 2009
 v.1 First public release June 2010

e v.2 Development started November 2012




Drivers

« Cyberinfrastructure that works well across disciplines

« physical sciences, biology, medicine, humanities, arts, and social
sciences

« Large-scale community collections of heterogeneous
data and metadata
« documents, images, video, 3d, sensor, gis, efc.
» metadata fields based on specific uses cases
« Rapid growth from
« High throughput instruments

 Digitization efforts
» More sources (cameras, phones, tablets)




Funding Sources

« ONR - Technology Research, Education and Commercialization Center

« NARA/NSF OCI - Understanding Data Intensive and CPU Intensive
Services to Support Preservation and Reconstruction of Electronic Records

 NSF CDI - Groupscope: Instrumenting Research on Interaction Networks in
Complex Social Contexts

« NSF DataNet - Sustainable Environments-Actionable Data (SEAD)

* NSF EAR - Critical Zone Observatory Network for Intensively Managed
Landscapes (IML-CZO)

 NSF/NEH/NISC - Digging into Image Data to Answer Authorship Related
Questions

* NIH - /Immunomodulatory and Regenerative Effects of Mesenchymal Stem
Cells on Allografts

 Sea Grant — Great Lakes Monitoring

« European Commission — Linking Scientific Computing in Europe and the
Eastern Mediterranean

« XSEDE - Large Scale Video Analytics
F ACIl - CIF21 DIBBs: Brown Dog




Medici - Features

* Upload / download

* Automated data extraction and analytic
services

« Data type previews

* Indexing / Search / browse

« Tag/comment

« Create collections

 (Geo-locate data (map view)

» Define a specific taxonomy

» Access statistics, data provenance
» Citable persistent URLs

« Author defines copyright and license
attributes

* View only, prevent download
« Create relationships between datasets

© EnvioBoard @ sesgrntncaifinoisedus <) Al Medi
€ & C f& O medici-demoncsaillinoisedu/#dataset?id=tagmedici@uiucedu 2009:data_68IRQ0S]FCKIYuyvziK8nQ

ﬂtbici Home + Data + Collctions + Tags + Map + Upload Terry McLaren (Logout)  Search

%
-
e &

7| ER09_Spring.txt (4

Text Image

Download  Delefe  Embed
'V User Specified Information
No user specified metadata

[ Add Field =]

Info

Contributor: Terry McLaren
Filename: ER09_Spring bt
Size: 138 KB

Category: Document

MINE Type: textipiain
Uploaded: 2012-02-21 08:14

License
Al Rights Reserved
Edit

Social

Viewed by 0 people
Downloaded by 0 people:
0 likes and 0 dislikes
Like Dislike:

Tags

lake erie Remove
Add tag(s)
Collections

Add to a collection

Location

No location set
Setlocation

Archive View

€ C ft O medic-demoncs

(Chosse s No s chosen

Haiing rablms? Clckhere oty the Java uploader

— 20205 o

Tile: ERO_Spingcsv (7

z Sz 138K8 A
Type: appication’ng ms-excel tagls)
Date: Tue Feb 21 08:13:40 GMT-600.2012

The: | ERDS_Sprng Save Cancel

2 Siz: 126KD A Ve Hde
Type teiiplan tagis)
Date: Tue Feb 21 081407 GHT-600 2012

Vew  Hde

Aedici  voe - oaa - cotetons - Taos - wiap - Upoas Tery Wetaren (ogou) S
Upload
Selet fls you want 1 upload . Drag and drop

OR i files here!

2selcted daases  ACTONS.

Powered by NCSA Medic (112,08 | Fedback

Upload Viex




Dataset Page

Data Preview

User defined
information

Extracted
Metadata

A Active Content Repository

&« C' A [ sead.ncsa.illinois.edu/#dataset?id=tag:medici@uiuc.edu,2009:data_K_aE579954bdHph0zG581g

SEAD  Home - Data -

Collections « Tags - Map - Upload

Terry McLaren (Logout)  Search

¥ dataset_9_image1.png (4

'V User Specified Information

Image Zoom

Download ~ Embed

Field Value Applies To Action
Creator James Myers Document Edit Remove
Luigi Marini Document Edit Remove
Add Field [=]

> Extracted Information

> User Views

'V Comments
0 comments

Write a Comment

Info

Contributor: James Myers
Creator-James Myers
Filename:
dataset_9_image1.png

Size: 107.19 KB

Category: Image

MIME Type: image/png
Uploaded: 2012-08-09 12:59
Image Size : 289x200

License
All Rights Reserved

Social

Viewed by 8 people
Downloaded by 1 people
0 likes and 0 dislikes
Like Dislike

Tags
nced Remove

Add tag(s)

Collections

NCED Abstract

images REIT

ACR Demo Remove

A

Qg

.

¢ Data provenance

Social Annotations

Data is part of
multiple
collections




Shapefile Previewer

. — ” -
© OO /b pataset x ) %ESEAD Active Content Repc X ||| x
«

C [} sead.ncsa.illinois.edu/acr/#dataset?id=tag:medici@uiuc.edu,2009:data_AV8LUuDppz5MPHiOb5q5yA
S Apps [LJISDA []Data [ Medici | DTS | | Delicious

Aedici

% CDy® OO Es

|| Grainger X Confluence ¥ JIRA @ stash » [L] Other Bookmarks

Illinois Clearinghou:

Home -« Data + Collections « Tags * Map ¢ Upload < Administration Search

Luigi Marini  (Logout)

L angelo_basins.zip (#

Geospatial Data Info
- - Creator(s):
- I; 2 Filename: angelo_basins.zip @
- % Size: 618.22 KB
N » Category: Other
\ S

MIME Type: application/zip @

A ] Uploaded By:Medici Admin
= Uploaded: 2012-11-28 08:10

Data Maturity

Current | Raw B
level:

License

5 All Rights Reserved
) Edit
Data CC-By-SA by OpenStreetMap

| Social

Viewed by 11 people
Downloaded by 4 people
0 likes and 0 dislikes

Like Dislike
» Collection Context

-13809033.36704, 4814974.96968

Download Delete Rerun Extraction Embed Upload Derived Data

Tags

» User Specified Metadata

angelo Remove




3D Previewer (x3d, ply)

|CACH Collections » Datasets w Files w Newsletter v Tags v API Login Adminw Search n
z Remove measurement

J Lighfing on/off

\ Single-sided/double-sided lighting

C drug Chunge \ighfing direction

Shift + Q Togg|e fullscreen view

Show/edit file user-generqhd metadata

Comments Metadata Notes




Streaming Video

® © 6 /prie « x \U)

e > C '] jon-21-15.sdsc.edu:9000/files/53c05c051038bd0822f9ad5d

S Apps [L]ISDA [ Data [.]Medici || DTS | Delicious | Grainger X Confluence % JIRA @ Stash

Illinois Clearinghou:

% eCD®0as=s

» [L.] Other Bookmarks

Medici Collections Datasets v Files v APl

satu rdoy—mo rathon_ 51Ql<b.mp4

Author:  Anonymous User
Filename: saturday-marathon_512kb.mp4
Type: video/mp4
Uploaded on:  Fri Jul 11 14:49:57 PDT 2014

1:07 ) commme @

Login

Admin




Extraction Service - Images with GPS

« Extract GPS location and -

. . . « C A [ sead.ncsaillinois.edu/#dataset?id=tag:medici@uiuc.edu,2009:data_luLwKoMK9-hHGMytPJKjfQ DA S
displays location in Google SEAD vome - oa - cotecons - 125+ i - g S o
ma p . ¥ morrowPlot-withGPSLocation.jpg [

Image  Zoom Info
Contributor: Terry McLaren
Creator:
Filename: morrowPlot-
withGPSLocation jpg
Size: 1.26 MB

Category: Image
MIME Type: image/jpeg
Uploaded: 2012-03-28 10:15

A1 Active Content Repository

€ & C i [ seadncsaillinois.edu/#dataset?id.

data_lulwKoM|

9-hHGMytPIK|fQ I S

g:medici@uiucedu,

DaterTime Original 2010:03:05 08:51:14 Image Size - 1944x2592
Exif Image Height 2502 pirels

Exif Image Width 1944 pirels . A
Exif Version 220 License y
FiashPix Version 1.00 All Rights Reserved

Vake google Edit

Model Nexus One

Resolution Unit inch Social

Thumbnail Data (61846 bytes of thumbnail data]

Thumbnail Length 61846 bytes. Viewed by 8 people

Thumbnail Offset 678 bytes Downloaded by 0 people

X Resolution 72 dots per inch 0 likes and 0 dislikes

Y Resolution 72 dots per inch Like Dislike

YChCr Positioning Center of pixel array

Extractor I Tags

Extraction created 2012-03-28T15:15:23.287Z

Extraction stage 0 start  2012-03-28T15:15:23 2467 Add tag(s)

Extraction stage O stop  2012-03-28T15:15:23 2652

Extraction stage 1start  2012-03-28T15:15:23 484 Collections

Extraction stage 1stop  2012-03-28T15:15:25.880Z
Extraction stage 2 start  2012-03-28T15:15:26 0372
Extraction stage 2stop  2012-03-28T15:15:36.804Z F

Exraction stage 3start  2012-03-28T15:15:37.0862 v |
Extraction stage 3stop  2012-03-28T15:15:37.006Z - - e -
Image Height 2502 Download Delete Embed
Image Size 194412502
oo Wit Q14 ¥ User Specified ACR Demo Remove
aps 4
GPS Allitude: 207 mel No user specified metadata collection
GPS Altude Ref Sealevel X
GPS Latiude we657 Add Field = Location
GPS Latitude Ref N iwaukes
GPS Longitude 88"13:326 T
GPS Map Datum wes-84
GPS Time-Stamp 85114 ‘
6P Version D 22 LR — e

geroperability




Embedding

« Embed data in external sites

6006 y A Medici x Ty
&« (e medici-demo.ncsa.illinois.edu/#dataset?id=tag:medici@uiuc.edu,2009:data_XX_c1Q3L3uGAsuMVrsg-DQ wiC A‘ﬁ =
Uploaded: 2011-10-17 15:16
Image Size : 1136x1600
linAnen
Preview Embedded Dataset
Image I Zoom | Metadata I
E 4
Download Delete Rerun Extraction Embed
v :move
. | <iframe widf '320px" height="500px" src="http://medici-demo.ncsa.i
E id=tag:medici@uiuc.edu,2009:data_XX_c1Q3L3uGAsuMVrsg-DQ" frameborder="0">
: Width: px Height: px




Collection View

A Active Content Repository

€ - C A [ sead.ncsaiillinois.edu/#collection?uri=tag:cet.ncsa.uiuc.edu,2008:/bean/Collection/37ECE16A-1179-4E80-A63 L giba@Cr A

ACR Demo (&
James Myers

Thursday, 2012 June 28
18 dataset(s)

Previous 1 Next

'

[T Lidar_mississip. [Cuses_raw.tt

+ BT

.
20120628_133535.

[ClusGs_oDM.csv [T may16_final pdf

[T pata Aquisition.

[TEcological_iD_m..  []LIDAR Raster.p...

Previous 1 Next

¥ Comments
0 comments

[T dataset_9_image.

[T spatiotemporals.

[T morrowPlot-with.

[7] amg8303 tit

Sortby: | Date: newest first [+

Write a Comment

0 selected datasets | ACtions

[Tl dataset_17_imag... [l dataset_20_imag.

oty
b
[Tiamp.obj [uscs_rawxisx
— -
[T weather.mpg [T judeyewseadpost.

Tags
Add tag(s)

Actions

Delete

Download

Add tag(s)

Remove tag(s)

Add metadata
Add relationships

Change license

Create collection
Add to collection

Remove from collection

Select all on page

Unselect all

« Select object(s) in collection and apply an action.

Add comments or tag a Collection




Relationships

© 00O / Mmedi x

€&  C | medici-demo.ncsa.illinois.edu/#viewSelected

o

Medici

Home + Data < Collections *« Tags ¢« Map + Upload < Administration

Luigi Marini (Logout)  Search

Selected Datasets

Showing 5 selected datasets

Ex Ante versus Ex Po...
admin

2012 February 17

3.1 MB

u Document

globe_east_2048.tif
Terry McLaren
2012 May 14

7.52 MB

Image

globe_west_2048.tif
Terry McLaren
2012 May 14

10.39 MB

Image

Image04.jpg
admin

2012 February 17
418.55 KB

Image

Create Relationship

relates to :

| globe_east_2048... | | globe_west_2048... *

Submit




RDF Support (Medici v1)

Everything is stored as semantic RDF triples and blobs of
binary data
http:/Awww.w3.0rg/2000/10/swap/pim/contact#Person

« Open and portable data
® Seman'nc Web Mww.ws.orgn999/02/22-rdf-syntax-ns#type

http:/Awww.w3.org/People/EM/contact#me

ttp:/iwww.w3.0rg/2000/10/swap/pim/contact#fullName
Eric Miller
http:/Avww.w3.0rg/2000/10/swap/pim/contact#mailbox
mailto:em@w3.org

http:/Awww.w3.0rg/2000/10/swap/pim/contact#personalTitle

Dr.

http://www.w3.0rg/TR/2004/REC-rdf-primer-20040210/




SPARQL

© OO / MMedici x R "

& - C | medici-demo.ncsa.illinois.edu/#administration w € A‘@E
%eblfl Home + Data « Collections + Tags * Map + Upload « Administration Luigi Marini (Logout)  Search
Administration

|Conﬁguration| |Users| |Permissions| |System Info| |SPARQL|

example queries: | dataset list S

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX dc: <http://purl.org/dc/elements/1.1/>

PREFIX dcterms: <http://purl.org/dc/terms/>

PREFIX cet: <http://cet.ncsa.uiuc.edu/2007/>

SELECT ?s 2t 2d ?r
WHERE {
?s <rdf:type> <cet:Dataset> .
?s <dc:title> 7t .
?s <dc:date> 7d .
OPTIONAL { ?s <dcterms:isReplacedBy> 7r}.

}
ORDER BY ASC(?r) DESC(?d)
LIMIT 15

Execute

Available as a REST service and through web form (seen above)




Text Based Search

® 006 &Medici x . e "
e > C ‘ [} medici-demo.ncsa.illinois.edu/#search?q=sample%20finch *‘ CD & 0OO=E
i Apps [J1SDA [ ] Data [ ] Medici D DTS D Delicious : Grainger X Confluence )'( JIRA @ Stash Illinois Clearinghou* » [.] Other Bookmarks

Medici

Home « Data - Collections + Tags * Map « Upload Login  Signup  Search

Search Results

Your search for sample finch returned the following results:

Zebra finch brain cross section
2010-05-17 16:47

734.54 MB

Luigi Marini

Image

Zebra_Finch001-by_Ralf_Schmode.jpg
2010-07-05 21:03

A 96.8 KB

Luigi Marini

Image

Page 1

adaptive sampling via kalman filter.pdf
2011-10-18 18:25

185.68 KB

Tristan Wietsma

Document

desktop.ini
2010-06-10 09:35
42 bytes

Luigi Marini
Other

Thumbs.db

v

NCSA




Sustainable Environment | Actionable Data

« NSF DataNet Partnership

« Web services for managing heterogeneous data for
sustainability research

« Supporting the long-tail of research data

« “Active and Social Curation”
« Making curation a natural part of producing and using data
« Active: on-going, less formal than long term preservation
« Social: any community member can take part

UniversiTy oF Mictican I LLLIN O 1S INDiANA UNIVERSITY

UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAI




SEAD Components

>
&
S
o &P ,
BN 1 SEAD VIVO: ks
N &% Browse Through People , Projects, J2 3=
QQ\’ R K Publications, Data Citations , and 8 3O
%Q?“&QQ o~ (5@ Organizations, Visualize Networks o= o c%)
28 QVQ‘QO and Community Dynamics 8O 23
S ,<\ @ o S =}
g = @ ©) (@]
«Q |« -9
5 S
~ Pl
(7} (72}
SPARQL Queries
= HTTP Data/DOl links
BAGIT Data/
Metadata B
Active Content Repository: Transfer
Bra.nded P_ublic Access SEAD Virtual Archive:
Active Project Spaces Policy Driven Curation
Individual Data Pages Institutional/Cloud/Grid

Storage

Faceted Search for
Reference Data




Versions

® EnviroBoard x\® illino: o] M Medici

&ehu[ Home - Data - Collections - Tags « Map - Upload

€ © C | © medici-demoncsaillinois.edu/#dataset?id=tag:medici@uiuc.edu,2009:data_68IRQOSjFCKIYuyvzjKenQ

Terry McLaren (Logout)  Search

| ER09_Spring.txt [#

Text Image

:00,1.875
:00,0.6417
:00,0.39
:00,1.099
:00,1.483
:00,1.6289
:00,1.536
:00,2.138
:00,1.35
:00,0.65
:00,1.313
:00,0.5045
:00,0.6347
:00,0.385
:00,0.815
:00,3.128
:00,0.3792
:00,2.534
:00,1.472
:00,1.558
:00,2.273
:00,4.02
:00,0.795

:00,0.
:00,4.
:00,0
:00,1.
:00,0
:00,0.
:00,0.

m

Download  Delete  Embed
'V User Specified Information

No user specified metadata

Add Field

Info

Contributor: Terry McLaren
Filename: ER09_Spring.txt
Size: 1.38 KB

Category: Document

MIME Type: text/plain
Uploaded: 2012-02-21 08:14

License
All Rights Reserved
Edit

Social

Viewed by 0 people
Downloaded by 0 people
0 likes and 0 dislikes

Like Dislike

Tags

lake erie Remove
Add tag(s)
Collections

Add to a collection

Location

No location set
Set location

Scale up and out

Robust API — easier to write clients
User experience improvements

ORI y—

C' | [} localhost:9000/datasets/527b257d3004062aac407bc9

Stable

Logout (Luigi Moris)

Flesw.

Medici  Colections v

Stereo Mop

destereo.jpg

In progress

About
Owner:  Luigi Marini
Description: ~ stereo map
Created:  Nov 06, 2013
Files

dostereojpg  Remove
SEADFlyer-v1.01.pdf Remove

Add i

Collections

Some collection  Remove

asdf Remove
Collection 1

TRegp

+ map [Dataset]
+ Iskdifks [Dataset]
« split [Section]




1.0 - What parts were successful?

Decentralized cloud storage
 Install your own instance and maintain for your community

Flexible metadata support
* No predefined schemas/ontologies

Framework for adding domain specific features

« Extractors
 Dig into the files for information

* Previewers
* Visualize information on the web

Support for discovery of new content
 Text-based search, social annotation




2.0 Priorities

Scalable
« Both horizontally and vertically

Maintainable

« Decoupled

« Higher level languages

« Build on proven technologies

Extensible

« Add extractors and previewers without recompiling
» Full fledged API

Usable

 Modernize the user interface




Version 2.0

Web scale
 Across the stack

* Introducing projects

» Group based access control
* File versioning

» Keeping generic provenance trail
* Multiple files in a dataset

» Explicit instead of implicit zip files
 Multimedia search

« Find similar images, videos, audio

« Recommender system
« Recommend datasets based on metadata and user activity




Improved Ul

® 06 //’Datasets x " i
& C' | greatlakesmonitoring.org/medici/datasets | € Dﬁ @ 0O 0=
i Apps [LJISDA [ Data [ Medici || DTS | | Delicious | | Grainger X, Confluence )'( JIRA @ Stash Illinois Clearinghou: » [L] Other Bookmarks
Medici Collections w Datasets » Files » API Login Adminv
Datasets
n n n n
ON55Mcnvbin ON60cnvbin ON33Mcnvbin ON12cnvbin
SeaBird ingested data SeaBird ingested data SeaBird ingested data SeaBird ingested data
E1®oiS0 E1WoiEo0 E1B0iSo0 E1WoiEo0
n n R n
ON4lcnvbin ON63cnvbin ON25cnvbin ON49cnvbin
SeaBird ingested data SeaBird ingested data SeaBird ingested data SeaBird ingested data
E 1% E 100 E1®oiS0 E1WoiS0
n n
ONS55Mdupcnv ON33Mcnv
SeaBird ingested data SeaBird ingested data
E2W0iSo0 E2W0iSo0
Name Created Description

ON55Mcnvbin May 27, 2014 SeaBird ingested data

v
NCSA




Support for Themes

® 006 / ’Datasets X W

<« C' [ greatlakesmonitoring.org/medici/datasets

i Apps [LJISDA []Data [.]Medici | DTS | Delicious | | Grainger X, Confluence ¥ JRA (@ Stash lllinois Clearinghou: » [] Other Bookmarks

Medici  Collections~  Datasets~  Filesv AP Logout (Luigi Marini)  Admin~

Datasets

ON55Mcnwbin
SeaBird ingested data

E1%oiEo0

ON4cnwbin
SeaBird ingested data

E1%0iE0

ON55Mddupeny

SeaBird ingested data

E2WoiE0

Created

ON60cnwbin
SeaBird ingested data

E1®oiS0

ON63cnwbin
SeaBird ingested data

E1%0iE0

ON33Mcrw
SeaBird ingested data

E2WoiS0

Description

ON33Mcrwbin
SeaBird ingested data

E1%0oiE0

ON25cnwbin
SeaBird ingested data

E1%oiE0

ONI2cnwbin
SeaBird ingested data

E1®oiE0

ON49cnwbin
SeaBird ingested data

E1%0iE0

R oy

NCSA

I



Multiple Files per Dataset

® 06 / > Dataset x \{ \ =
€ C' [ greatlakesmonitoring.org/medici/datasets/53843eace4b06896ae463ba3 xvel © DIJ H 0O a=s
i Apps [JISDA [ Data [ Medici '] DTS | | Delicious | | Grainger X, Confluence Y JIRA @ Stash Illinois Clearinghou: » [L.] Other Bookmarks

Medici Collections v Datasets v Files v API Logout (Luigi Marini) Adminv

HU320221

HU320221.BTL

Show/edit file community-generated metadata

About

Owner:  Anonymous User
Description: ~ SeaBird ingested

HU320221.DAT data
Created: May 27, 2014

Show/edit file community-generated metadata

HU320221.CNV Files

Show/edit file community-generated metadata HU320221.CNV  Detach Delete

HU320221.BTL  Detach Delete
HU320221.DAT Detach Delete
HU320221ROS HU320221.ROS Detach Delete
Show/edit file community-generated metadata HU320221.CON  Detach Delete

HU320221.BL Detach Delete
HU320221.HDR Detach Delete

HU320221.HDR P

Show/edit file community-generated metadata

ER090211.BL
HU320221.CON

e . Add existing file
Show/edit file community-generated metadata

Collections
HU320221.BL

SeaBird Remove

Show/edit file community-generated metadata LEC m

Comments Metadata Notes




Still Flexible Metadata (but not as native RDF)

HU320221.BL

Show/edit file community-generated metadata

Comments Metadata Notes

Auto-generated metadata:

 HU32:
o sensor: http://greatlakesmonitoring.org/medici/api/geostreams/sensors/795
o dashboard: http://greatlakesmonitoring.org/#detail/location/HU32/
o stream: http://greatlakesmonitoring.org/medici/api/geostreams/streams/636

o datapoints: http://greatlakesmonitoring.org/medici/api/geostreams/datapoints?
stream_id=636




Versus

 Execution and dissemination of customizable content-
based file comparison methods

* Generalized content-based comparison and retrieval of
files

 Ability to plugin new methods and reuse existing ones

« Consists of
- Java API + Engine
» Library of methods
« Web Service
» Variety of web and desktop clients




Content-Based Comparison

« Goal: Comparing digital data

« Given two or more digital objects establish their proximity

« Arbitrary?

* Not really, comparing two files, videos, documents, etc.
has many applications, for example:




Some Applications

* Information loss
» Information loss when applying file format conversion
» Polyglot

 Content-based retrieval

« Given a multimedia file (image) find the closest ones in a large
collection

* Find duplicates
* Across formats




Census Information Retrieval

Query: Collection:

Neevi | [Prrsammid]

\M




History

Funding by National Archives and Records RIQ(T;ISN/EIS“

Administration (NARA)
 Research and development started in 2010
 QOriginally focused on pairwise comparison

« Adding support for the creation of indexes over past two
years

e Current version is 0.6
« Usable but still in flux
« Particular important with APls
» Lots of exploratory work over the years




Two Main Components

Core Web Service

* A set of Java interfaces « HTTP API wrapping Core
 Multithreaded Execution  Master/slave architecture
Engine

* Registry to register and
query for methods




Several Clients

* Command Line Interface |
 Web Application

Desktop App
* Medici 2

P
|%| Versus

File
FernColMAC.bmp )

q _ ) Versus - Mozilla Firefox
FormCoIMAC.gif ¥ Select Data Representation, Feat ST e e T D
- {7 versus +
FernColMAC.jpg Data Representation: | Image Object e ) el
FernColMAC.png € ] 129618151 versuseb/= | |29~ introduction to information retrieve S| | i || #*
FernColMAC.tif - Eo— |P' — Versus  Workflow - Data - Collections - Upload
eature Extractor: |Pixels to Array
‘Selected Da(a‘ ‘campare‘ ‘\/lew Results
Similarity Measure: | Euclidean Distance
v 20 3D Squared L2 fa
Image Object v20 Shannon's e
Euclidean Distance & Object Adapter 'V Lp Minkowski family
FemnCoIMAC.b..| FernColMAC.gif|FernCo o= Pil o Signature Vector
FernColMAC.bmp 0.0 Buffered Image Pixels to Grayscale Histogram City
FernColMAC.gif 309.80245570...10.0 Euclidean L2
FernColMAC jpg 66.980320717...[317.27164117...[0.0 L Gl R
0.0 309.80245570...[66.980 > e
Fﬁ;”rfg:,’}‘,;‘,f;?,g 0.0 300.80245570...|66.980 — Puels to Puetisiogram

» 3D Pixels to Vector

Pixels to Array » Other

Image Object —  Pixelsto Array —  Euclidean Distance

Launch




Why would one use Versus instead of

writing specific implementations as need
be?

* Reuse existing methods
« Share methods with community
« Organize code in clear components

 Leverage execution environment and service
infrastructure




Pairwise Comparison API

OIS
oimodP®




Indexing API

4
Object i o
Index
Query
Object




Master/Slave

Master

|

Color 3D Light
Histogram GPU Color Fields Method N




Library of Adapters

Name Package Description

Mesh 3D Load 3D files content into a mesh made up of vertices and
polygons connecting those vertices.

Audio Audio Encapsulation of audio files.

Bytes Core Simplest possible representation of data.

PDF Doc2Learn | Encapsulation of the Doc2Learn PDF document.
Buffered Image Image Standard Java representation of image data.
Image Object Image Encapsulation of the Im2Learn Image Object.
SIFT GPU GPU Encapsulation of image data for SIFT Gpu specific

processing.




Library of Descriptors

Name Package Description
Double Array Core A single dimensional array containing double
values.
MDS5 Digest Core A data integrity structure generated from the raw
data.
Three Dimensional Double Core A three-dimensional array containing double
Array values.
Vector Core A list of generic elements, allows greater storage
flexibility.
Label Histogram Doc2Learn | A histogram of labels obtained through
Doc2Learn.
Keypoint Image Generic container for invariant feature detectors.
Pixel Image Generic type for various image package
descriptors.
Color Layout Image A two dimensional grid of sub-images over the
input image.

Grayscale Histogram Image A one-dimensional grayscale image histogram.
RGB Histogram Image A three-dimensional RGB color histogram.
Pixel Histogram Image A multidimensional histogram for a pixel’s

intensity and position.
MOPS Features Fiji Invariant feature type used for image stitching.
SIFT Features Fiji Popular invariant feature type used for image
comparison and object matching.
SIFT Gpu Gpu Same as SIFT but implemented through Gpu

libraries.

Harris Corners

OpenCV

Well-known corner detector used for image
inference, tracking, and recognition.

Hough Circles

OpenCV

Circles detected in an image with the Hough




Library of Extractors

Name Package Description

Light Field 3D Surface is represented by silhouettes taken from 3
canonical positions capturing the surface shape
minus any concavities (i.e. the convex hull).

Statistics 3D Ignores the surface and focuses on the vertices of a
3D object returning their mean and standard
deviation. Simple, but fast to compute.

Surface Area 3D The sum of the area occupied by the polygons
making up a surface. Considers surface and is still
fast to compute.

Audio Audio Sampling of audio from existing file for histogram
usage and comparison.

MD5 Core Creation of the MD5 hash from data.

Image Histogram Doc2Learn | Generates a non-standard color histogram

Line Graphics Histogram | Doc2Learn | Generates a histogram to compare vector graphics
found in documents.

Text Histogram Doc2Learn | Generates a label histogram based on word
frequency.
Array Feature Image Generates the three-dimensional double array; a

generic image container.

Color Average Vector Image Generates an average RGB color over 9 regions
Feature taken from the image.
Grayscale Histogram Image Generates the histogram for grayscale images.

Useful for image comparison.

Pixel Histogram Image Generates the multidimensional histogram for
feature matching.

RGB Histogram Image Generates the histogram for color images. Useful for
image comparison.

Signature Vector Image Feature vector (for an image) containing colorspace




Library of Measures

Name Package Description
Also known as Chebyshev; the greatest difference
Chessboard Distance Core along any coordinate dimension (between two
vectors)
Dynamic Time Warping Core Similarity metric. between two (possibly) varying
sequences over time.
Fuclidean Distance Core Dista-mce between two n-dimensional points in
Euclidean space.
Absolute difference of coordinates of points,
Manbhattan Distance Core distance between two points measured along right
angled axes.
MDS5 Hash Core Binary measure; either equal or not.
Bhattacharyya Distance Image Mea§ure§ the overlap between two probability
distributions.
Tests the goodness of fit between two
N s I
cyman'sy fage distributions. Variant of the standard x2 test.
Sum of the absolute value of the difference of two
Czekanowski Distance Image distributions divided by the sum of the two
distributions.
Histogram Euclidean Doc2Learn | Bin-by-bin comparison using the standard
Distance / Image Euclidean distance. Well known and widely used.
Sum of the absolute value of the difference of two
. . Doc2Llearn | ~
Histogram Intersection distributions, scaled by one-half. Well known and
/ Image .
widely used.
Non-symmetric measure of the difference between
KL Divergence Image two probability distributions. Well known measure
of entropy.
. Symmetric measure of the difference between two
Jeffrey Divergence Image

probability distributions.

Motyka Distance

Image

Sum of the maximum of two distributions divided
by the sum of the two distributions.

Normalized Cross
Correlation

Image

Similar to sum of squared differences; invariant to
the magnitude of two points.

Ruzicka Similarity

Image

Sum of the minimum of two distributions divided




NARA / XSEDE

CENSUS




The Product of Digitization
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User Queries

6 00 . (7)) Census 1930 a7
€ 9 C ® census2.ncsa.illinois.edu:8080/census-web-gwt-1.0-SNAPSHOT/ ¥ @
Home -
1 93 O §=web-gwt-1.0-SNAPSHOT/ v | @
Home

U.S. Census
' us

Blyour query in the text box below or select draw to write in cursive on the page.

Type your query in the text box below or select draw to write in cursive on the page.

Illinois

== 3

Search

| e,

Form: illinoiscensus00reel410_0117.jpg ~ Row: 18

Reel: 410

/

Row: 18

U.S. Census

Reel: 410 Form: illinoiscensus00reel410_0117.jpg

/




A Computer Visio
Problem




A Computer Vision
Problem




Form Segmentation
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Form Segmentation




Word Spotting

Dynamic Time Warping [T. Rath, 2003]
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Searching in Image Databases




Linear Search

Pl 744 4 A— ZA

LWM_JMEJE




Hierarchical Agglomerative Clustering

S “bottom up”




Content-Based Image Retrieval

Form Segmentation

Un-rotate, Template matching, Cell refinement

Cell Locations r‘ Cell Signatures
3

Signature Extraction Indexmg

Feature extraction Hierarchical Agglomeratlve
Clustering

N—
Image Based Search <:|
Word Spotting, Passive Crowd Sourcing Index
N—
<
N—
Queries

N—




Index Build Time

Query Time vs. Number of Indexed Elements
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XSEDE

LARGE SCALE VIDEO
ANALYTICS




Large-Scale Video Analytics (XSEDE)

« Aims to facilitate humanities research on moving images
at large scale

 Dedicated nodes on Gordon at SDSC
* |dentification of shots in videos

 Multimedia retrieval of similar shots




Large-Scale Video Analytics (XSEDE

® 006 y > Dataset x

&

©

C localhost:9000/datasets/5139ff634566900401ce0946

Medici Datasets ~ Files~

# Thumbail

Search

Start Time

0:48

1:59

Find

Similar

Similar

Similar

Similar

e Women artists
¢ Video Aktiv

¢ Politics

o Culture

e Eastern Europe

Text input

Tag

¢
O

Login

[+ 9

By




Large-Scale Video Analytics (XSEDE)

® 06 Search Results x "
G
€« C' | localhost:9000/searchbyfeature?section_id=513a16424566637619e44aec 7,”\( C d =
Medici Datasets ~ Files~ Search Login

Distance: 14.583333333333348

localhost:9000/datasets_by_section/513a0b0b4566637619e4429a




Large-Scale Video Analytics (XSEDE)

Search

EDGE_HISTOGRAM

IR\

© O O /b searchResults x U
€« C' [ localhost:9000/searchbyfeature?section_id=513a204345667c4176ad8704 w € d
Medici Datasets ~ Files~ Search Login




LSVA Versus Methods

Extractor

Descriptor

Measure

ColorLayoutCBExtractor

ColorLayoutCBDescriptor

ColorLayoutL2DistanceMeasure

ColorLayoutCRExtractor

ColorLayoutCRDescriptor

ColorLayoutL2DistanceMeasure

ColorLayoutDCTExtractor

ColorLayoutDCTDescriptor

ColorLayoutL2DistanceMeasure

ColorLayoutExtractor

ColorLayout1 DDescriptor

ColorLayoutDistanceMeasure

ColorLayoutY Extractor

ColorLayoutYDescriptor

ColorLayoutL2DistanceMeasure

EdgeHistogramExtractor

EdgeHistogramDescriptor

EdgeHistogramDistanceMeasure

GaborTextureExtractor

GaborTextureDescriptor

GaborEnergiesMeasure

GrayHistogramExtractor

GrayHistogramDescriptor

GrayHistogramDistanceMeasure

HSLHistogram1DExtractor

HSLColorHistogram1DDescriptor

HSLColorHistogram1DDistanceMeasure

HSLHistogram3DExtractor

HSLColorHistogram3DDescriptor

HSLColorHistogram3DMeasure

HSVHistogram1DExtractor

HSVColorHistogram 1 DDescriptor

HSVColorHistogram 1 DDistanceMeasure

HSVHistogram3DExtractor

HSVColorHistogram3DDescriptor

HSVColorHistogram3DDistanceMeasure

RoughColorLayoutExtractor

RoughColorLayoutDescriptor

RoughColorLayoutDistanceMeasure




Current Setup

1.Upload/Query

User

4. Extracted frames are
sent back to Medici

3. Movie is sent
to Cinemetrics
extractor

2, 5 Send through Event
Bus to extractors

Cinemetrics Extractor

Event Bus (Rabbit

MQ)

6. Frames sent to LSVA

extractors, where feature vectors

will be extracted

7. Frames are sent
back to Medici for
indexing

LSVA Extractor




Future Setup with Versus

11" Upload’
qucr}' . -
R Medici Versus - Rest App | Versus Web Server
Web Server Plugln 5,5" Frames are sent to LSVA Extractors
> Versus for indexing or
querying
2.2" Video file is sent through
Event Bus
44" The
extracted
frames are sent
back to Medici 3.3 Video file is sent to Cinemetrics
extractor
A
Cinemetrics

Extractor




Sea Grant / EPA - Great Lakes Monitoring

e Nutrients
» Total Phosphorus
« Chlorophyll a M. -3
» Silica
* Nitrogen Nitrite

TEE e g

T Y Y] Rl -, - e F | G |REHE| I | J | K [ ]
1 | YEAR MONTH LAKE STATION SAMPLING_DATE SMPL_DEPTH, m DEF‘TH_CODE‘I QC_ID SAMPLE_ID Chlorophyll-a, ug/l TP, ug/l NNN, mg/l
2 1983 Apr Huron HU08& 1983/04/24 06:20 EDT 091 EP RFS 83GB01S01 15 35 0.27
3 1983 Apr Huron HU08& 1983/04/24 06:20 EDT 23.77 EP RFS 83GB01S02 25 45 0.27
Z 1983 Apr Huron HUO06 1983/04/24 06:20 EDT 37.8 EP RFS 83GB01S03 23 45 0.27
5 1983 Apr Huron HUO06 1983/04/24 06:20 EDT 45.72 EP RFS 83GB01S04 19 32 0.27
6 1983 Apr Huron HUO09 1983/04/24 03:55 EDT 29.26 EP RFS 83GB06S02 19 45 0.26
7 1983 Apr Huron HUO09 1983/04/24 03:55 EDT 091 EP RFS 83GB06S01 25 35 0.26
8 1983 Apr Huron HU09 1983/04/24 03:55 EDT 442 EP RFS 83GB06S03 19 45 0.26
9 1983 Apr Huron HUO09 1983/04/24 03:55 EDT 53.34 EP RFS 83GB06S04 2 45 0.26
10 1983 Apr Huron HU12 1983/04/24 00:45 EDT 0.91 EP RFS 83GB11S01 2 36 0.31
11 1983 Apr Huron HU12 1983/04/24 00:45 EDT 42.06 EP RFS 83GB11S02 23 35 0.32
1983 Apr Huron HU12 1983/04/24 00:45 EDT 73.46 EP RFS 83GB11S03 19 X 0.31
1983 Apr Huron HU12 1983/04/24 00:45 EDT 82.6 EP RFS 83GB11S04 0.32
1983 Apr Huron HU15M 1983/04/23 22:20 EDT 10.06 EP RFS 83GB16S03 19 0.31
1983 Apr Huron HU15M 1983/04/23 22:20 EDT 20.12 EP RFS 83GB16S04 2 0.31
1983 Apr Huron HU15M 1983/04/23 22:20 EDT 29.87 EP RFS 83GB16S05 22 0.31
1983 Apr Huron HU15M 1983/04/23 22:20 EDT 49.99 EP RFS 83GB16S07 22 0.31
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The Intensively Managed Landscapes-
Critical Zone Observatory (IML-CZO)

€&  C [ imlczo2.ncsa.illinois.edu/geodashboard

SCIVERGEIEIZI  Advanced Search About the Data

# USRB Flow Lines

# USRB Boundary

o USRB DEM

# IL Moraines

() IL County Boundaries

() USRB Terraces

o ClearCreek Streams

—_—
o ClearCreek Watershed

# ClearCreek Catchment

J Evnlara Nata

imlczo2.ncsa.illinois.edu




eostreaming API
iIstorical and Real Time Data

Bemb fown 0w ol
I fsamID__ |station Date tp Chl_a
2 | 11 1 4-May-01 1
3 12 1 14-May-01 7 0.5
4 | 13 1 31-May-01 10 0.4
5 | 14 1 13-Jun-01 9 0.4
6 15 1 25-Jun-01 1 0.9
7| 16 1 10-Jul-01 8 0.4
8 | 17 1 24-Jul-01 5 0.4
9 | 18 1 6-Aug-01
10 | 19 1 21-Aug-01 8 0.8
11 | 20 1 5Sep-01 6 0.3
12 | 21 1 17-Sep-01 9 0.8
13 | 32 2 4-May-01 7
14 | 33 2 14-May-01 5 05
15 | 34 2 31-May-01 7 0.6
16 | 35 2 13-Jun-01 7 0.8
17 | 36 2 25-Jun-01 10 1
science for a changing world 18 | 37 2 10-Jul-01 9 06
19 38 2 24-ul-01 6 0.5
20 | 39 2 6-Aug0l1
21 | 40 2 21-Aug-01 10 0.4
22 | 41 2 5-Sep-01 7 1.5
Spatial PostgreSQL 23 | 42 2 17-Sep-01 6 1
24 | 43 1 15-May-02 6 1.5
25 | 44 1 28-May-02 10 22
26 | 45 1 10-un-02 8 1
C 1 1 t 27 46 1 28-Jun-02 5 0.7
O ntl n u O US | me 28 | 47 1 8ul-02 7 05
29 48 1 24-Jul-02 7 0.7
30 | 49 1 9-Aug-02 7 0.4
31 | 50 1 20-Aug-02 15 0.7
32 | 51 1 5Sep-02 8 0.3
33 | 52 2 15-May-02 5 14
34 | 53 2 28-May-02 10 13
35 | 54 2 10-Jun-02 8 0.9
36 | 55 2 28-Jun-02 6 0.6
37 | 56 2 8-ul-02 10 0.6
38 | 57 2 24-Jul-02 9 0.7
39 | 58 2 9-Aug02 7 0.6
40 | 59 2 20-Aug-02 12 0.8
41 2 5Sep-02 10 11
42 | 1 6-May-03 20 14

LEC_EPA_Data_Request_2012_Nutri J + ]
| Normal View | Readv




Data Lifecycle

Raw file Upload
A E—— Seabird
Medici Extractor
Raw file Upload
ER63s.cnv

Geotemporal
API

Sensor

External

Catalog

Analytics
Code




EXTRACTION BUS




Extraction Architecture w/ Distributed Logging

l1. File

Load Balancer

lZ. Routing
API Frontend Log Analysis
A A
: 4. Job Submitted
3.File | g \write l
Stored
v ( Job Queue )
N
N~ _
| 6. Read ls. Job Picked Up v
' 7.5 Status

<>

Extractor

Log

Database
7. Extract J Updates Distributed




Extractors Registration

« Extractors register on
* Internet media type
 application/pdf
* image/qif
* Model/x3d+xml
* Object type
« file
» file section
« file preview
» dataset




Medici Data Model

- Version 1

Collections
- Version 2

Datasets

Files

Versions

Sections

= Metadata

m Tags

lComments




Privacy

e Public Web (public URLSs)
* Private Web (private files)

S PRCLE EE—)
= URL

AL —)
File

Desktop

uonesnUBYINY




Medici Architecture (v.2)

al al
— —
— —
I I
Load balancer
Webapp Webapp Webapp Webapp
(Scala/Play) (Scala/Play) (Scala/Play) (Scala/Play)
N— | _ 0 Event Bus (RabbitMQ) )
External Multimedi Text Data/
Services a Search Search Metadata l, l,
(Versus) (Elastic (MongoDB)
\ search) J\ J Extractor Extractor

(Java)

(Python)




Plugins / Services

 Abillity to swap underlying implementation

File Service

File System MongoDB IRODS
Implementation Implementation Implementation




Technology

’ Scala RabbitVO &

elasticsearch

play) . mongoDB (( = Java

4St0re POQL @ python




CREATING EXTRACTORS AND
MEASURES




Creating New Extractors

 Be able to talk HTTP and parse JSON
* Learn the API
* Use a RabbitMQ client library to connect to broker

» Learn the extraction architecture
« What messages to listen for and publish
 How to parse message payload

e Tutorial

» https://opensource.ncsa.illinois.edu/confluence/display/BD/
Medici+Extractor+in+Python




Creating Versus Methods

 Write Java Code

« Can execute external code using

* Runtime.getRuntime().exec(args)
« JNI

* Register them using Java services
« Add fully qualified class name to respective service file

* For example add
edu.illinois.ncsa.versus.extract.impl.RGBHistogramExtractor

To
IMETA-INF/services/edu.illinois.ncsa.versus.extract.Extractor

Restart




Creating Versus Methods

« Adapters

» https://opensource.ncsa.illinois.edu/stash/projects/\VS/repos/
versus-core/browse/src/main/java/edu/illinois/ncsa/versus/
adapter/Adapter.java

 Extractors

» https://opensource.ncsa.illinois.edu/stash/projects/\VVS/repos/
versus-core/browse/src/main/java/edu/illinois/ncsa/versus/
extract/Extractor.java

» Descriptors

* https://opensource.ncsa.illinois.edu/stash/projects/\VVS/repos/
versus-core/browse/src/main/javal/edu/illinois/ncsa/versus/
descriptor/Descriptor.java




Creating Versus Methods

* Proximities

» https://opensource.ncsa.illinois.edu/stash/projects/\VS/repos/
versus-core/browse/src/main/java/edu/illinois/ncsa/versus/
measure/Proximity.java

 |ndexers

» https://opensource.ncsa.illinois.edu/stash/projects/\VVS/repos/
versus-core/browse/src/main/java/edu/illinois/ncsa/versus/
search/Indexer.java

« Service Registration

» https://opensource.ncsa.illinois.edu/stash/projects/VS/repos/
versus-image/browse/src/main/resources/META-INF/services/
edu.illinois.ncsa.versus.extract.Extractor




For more information

Medici demo site
* http://medici-demo.ncsa.illinois.edu/

Medici documentation, source code, bugs

» https://opensource.ncsa.illinois.edu/projects/project.php?
key=MMDB

Medici manual
» http://isda.ncsa.illinois.edu/documentation/medici/

Versus documentation, source code, bugs
* https://opensource.ncsa.illinois.edu/projects/project.php?key=VS

 Versus manual

» http://isda.ncsa.illinois.edu/documentation/versus/
manual strapdown.html




Contributors

* Rob Kooper « Smruti Padhy

* Rui Liu « Kenton McHenry
* Liana Diesendruck « Jong Lee

* Ashwini Vaidya * Mario Felarca

* Nicholas Tenczar * Virginia Kuhn

« Sandeep Puthanveetil « Alan Craig

« Constantinos Sophocleous + Dave Mattson

* Michael Simeone * Inna Zharnitsky

e Theerasit Issaranon

If | missed you please come kick me ®




Questions

http://browndog.ncsa.illinois.edu/

iIsda@ncsa.illinois.edu




