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USER SYSTEM OF ASTROGEOLOGY TECHNOLOGIES




Introduction

= USGS Astrogeology Research Program

Trent Hare and Moses Milazzo

= |SIS (Integrated Software for Imagers &
Spectrometers)

A tool used in analyzing images from planetary
missions




Problem

= =300 C++ programs run individually from the
command line.

Eile Edit View Places Help

(=] xml

4

@ apollo2isis
@ apollocal
< apollofindrx
@ apolloremrx
<> apollowarp
Q appit

& ascii2isis
<) automos
&) autoregtemplate
) autoseed
<} bandnorm
< bandtrim
< bit2bit

< blend

< blobdump
<} butterworth

& cam2cam
& cam2map
@ caminfo
& campt
& camrange
< camstats

<} camtrim
4 cathist
< catlab
@ catoriglab
@ circle

<} circle2
@ ciss2isis
& cisscal
@ ckwriter
@ clem2isis

< clemhirescal
@ clemnircal

@ clemnirclean
@ clemnirnoise
@ clemuvviscal
& cnet2mat
&P cnetadd

@ cnetbin2pvl
<} cnetcheck
& cnetdiff

< cnetedit

@ cneteditor
<} cnetextract
@ cnetmerge
<} cnetnewradii
&P cnetpvi2bin
@) cnetref

<} cnetsplit

&P cnetstats
<P cnettable

<> copylabel
< coreg

<} cosi

<} crismzisis
< crop

@ cropspecial
@ csspck2spk
@ ctxcal

< ctxevenodd
Q cubeatt

{} cubeavg
<} cubediff
@ cubefunc
< cubeit

<> cubenorm
<} dawnfc2isis
< dawnvir2isis
<P dddzisis

@ decorstretch
@ deltack

<) demprep
@ deriv

< desmear
& divfilter

<} dstripe

< editlab

< edrget

@ enlarge

@ equalizer
& errors

<} explode

< fakecube
@ fit

<} fillgap

< findgaps

< findimageoverlaps

I

[EJ bin v | "algebra” selected (457.5 KB)

@ findrx

@ fits2isis

@ fiip

@ footprintinit
& footprintmerge
@ fplanemap
@ fx

< gauss

<& gaussstretch
@ getkey

< getsn

<} gllssi2isis
<) glissical

<P gradient

<> greyscale
@ grid

<» handmos

< hizisis

< hical

<} hicalbeta
@ hicalproc
< hiccdstitch
<P hicolormos
< hicubeit
@ hicubenorm
< hidestripe
<P hidtmgen
<P hiequal
< hifringe
<} hifurrows
@ highpass
< higlob

& hijitreg

& hijitter

4 himos

<P hinoise

< hirdr2isis
@ hirdrgen
@ hisharpen
< hist

< histat

(} histeq
4 histitch
4 histmatch
€Y hrsc2isis
@ hsv2rgb
& ifft

@ interestcube
<} isis2ascii
& isis2fits
@ isis2gml
@ isis2pds
& isis2raw
& isis2std




Problem Continued

» =300 XML documents used to create a
different GUI for each (run locally).

xml
File Edit View Places Help
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Solution Plan

= Create a centralized GUI
Organized and easy to use
Workflow creation

= Help Center

Documentation within the GUI




Requirements & Specifications

= Expandability
Integrate new ISIS programs

Adapt to future environments

= Ease of Use

Everything needed to make a workflow at one’s
fingertips

= Design for Unix/Linux environments




Tools

Solution Overview

CORE PROGRAMS

Cameras
Control Networks

Display
Filters

deriv Apply horizontal or vertical
derivative

divfilter Apply a spatial high pass
filter to a cube (divide)

dstripe Remove horizontal or
vertical stripes/noise from a cube

gauss Filter a cube through a
kernel using Gaussian weight

gradient Apply Sobel or Roberts
gradient to a cube

highpass Apply a spatial high pass
filter to a cube

interestcube Used to test Interest
Operators

Options «

Analyze Data =~ Workflow  Shared Data  Admin Help  User

lowpass

Input Cube:

10: pds2isisondatal <
Select ISIS Cube to apply the filte
Filter Pixel Types:

Select All || Unselect All

L Filter valid pixels
Filter invalid pixels

L Filter Null pixels
Filter LIS pixels

L Filter LRS pixels

] Filter HIS pixels

L] Filter HRS pixels

Execute

This program applies a lowpass or blurring filter to a cube. An NxM boxcar is moved through
the cube and average of the boxcar at each position is computed. This average, which
effectively blurs the data, is written to the output cube. The user has the ability to choose which
input pixels are filtered including 1) all pixels, 2) pixels within a user specified range, 3) pixels

History

o=

Unnamed history
10: pds2isis on data 1

1: mars viking.pds
1.0 Mb

format: pds, database: ?
Info: uploaded None file

w®0

Image in pds format

Options +

é.O Mb
@ (R
® (R

nutside a user snecified ranne. and 4) snecial nixels. In neneral. the larner the hoxcar the more
Done




Galaxy

= What is it? = Why use it?
Open source Preexisting

software foundation vs.

Workflow creator recreating the wheel

Uses XML, Javascript
and Python




Architecture Overview

Galaxy Server Client Tool Shed Server

Authenticate

Galaxy Tool-Shed Users
Local Tools Workflow Interpreter Galaxy GUI Tool Shed

ISIS Processing I ISIS Data Libraries




Analyze Data View

* Includes several key features

Options «

Cameras
Control Networks

Display
Filters

deriv Apply horizontal or vertical
derivative

divfilter Apply a spatial high pass
filter to a cube (divide)

dstripe Remove horizontal or
vertical stripes/noise from a cube

gauss Filter a cube through a
kernel using Gaussian weight

gradient Apply Sobel or Roberts
gradient to a cube

highpass Apply a spatial high pass
filter to a cube

interestcube Used to test Interest
Operators

Done

Analyze Data Workflow Shared Data Admin Help User

lowpass

Input Cube:
10: pds2isisondatal <
¢t ISIS Cube to apply tt
Filter Pixel Types:
Select All || Unselect All

Filter valid pixels
Filter invalid pixels
Filter Null pixels
Filter LIS pixels

| Filter LRS pixels
Filter HIS pixels
Filter HRS pixels

Execute

This program applies a lowpass or blurring filter to a cube. An NxM boxcar is moved through
the cube and average of the boxcar at each position is computed. This average, which
effectively blurs the data, is written to the output cube. The user has the ability to choose which
input pixels are filtered including 1) all pixels, 2) pixels within a user specified range, 3) pixels
nutside a user snecified ranne. and 4) snecial nixels. In aeneral. the laraer the haxcar the maore

History Options «

-
Unnamed |

10: pds2isis on data 1 @ J R

1: mars_viking.pds ® R
1.0 Mb

format: pds, database: ?

Info: uploaded None file

S LORY

Image in pds format

v)




Workflow View

= Workflow functionality

:' Galaxy Analyze Data  Workflow  Shared Data  Admin  Help  User

- &) Create new workflow | | 4 Upload or import workflow

Name # of Steps

| 4
Edit

Run )
Share or Publish ith you by others
Download or Export [@fed with you.
Clone

Rename

Delete




Workflow View Continued

= Same tools list as Analyze Data View

formatted image.

kernfilter Filter a cube
through a kernel

kuwahara Filter a cube,
smoothing but
preserving edges

lowpass Apply lowpass
or blurring filter to a
cube

median Set pixels to
median of surrounding
pixel values

minmax Apply a
minimum or maximum
filter to a cube

pds2isis Convert PDS
formatted image to a

Analyze Data  Workflow

Workflow Canvas | Demo Workflow

Input Dataset X4

output

lowpass

Input Cube

TO (cub)

Shared Data  Admin Help User

Options « Details
Tool: isis2pds

- Input CUB
pds2isis Data input ‘FROM' (cub)

Input .pds

TO (cut;) Edit Step Actions

A

Rename Dataset <

| Rename Dataset
isis2pds onTO
InpulCUB New output name:
TO (pds) ; |[Demo Workflow Output




Workflow View Continued

= Drag and drop workflow builder

_—_ Galaxy Analyze Data  Workflow ~ Shared Data  Admin  Help  User

Tools Options « Workflow Canvas | Demo Workflow Options « Details
Eestimerestouperdawons
isis2pds Convert an derd
ISIS Cube to a PDS

formatted image. Input CUB

Input Dataset P4 pds2isis Data input FROM' (cub)
kernfilter Filter a cube

through a kernel output Input .pds

kuwahara Filter a cube, TO (cub) Edit Step Actions

smoothing but

preserving edges Rename Dataset <
lowpass Apply lowpass

or blurring filter to a

r. | Rename Dataset
cube lowpass isis2pds onTO

>) Input CUB

A

median Set pixels to
oL IR L . e A New output name:

st ol o s s
: TO (cub) TO (pds) : |Demo Workflow Output

minmax Apply a
minimum or maximum
filter to a cube

pds2isis Convert PDS
formatted image to a
ISIS Cube.

Fourier Domain

Done




Workflow View Continued

= Edit actions of each step.

_—_ Galaxy Analyze Data  Workflow ~ Shared Data  Admin  Help  User

Tools Options « Workflow Canvas | Demo Workflow Options «
Eestimerestouperdawons

isis2pds Convert an ool: isis2pds

ISIS Cube to a PDS Input CUB
- npu
formatted image. Input Dataset b4 pds2isis Dsta input'FROM' (cub)

kernfilter Filter a cube

through a kernel output Input .pds

kuwahara Filter a cube, TO (cub) Edit Step Actions

smoothing but
preserving edges

Rename Dataset <
lowpass Apply lowpass

or blurring filter to a

cube ' | Rename Dataset

lowpass isis2pds onTO
median Set pixels to |
Input CUB

median of surrounding Input Cube

el val ” : s New output name:
RO, NaISS TO (cub) TO (pds)

minmax Apply a
minimum or maximum
filter to a cube

pds2isis Convert PDS
formatted image to a
ISIS Cube.

Fourier Domain

Done




Running Workflows

= Return to the Analyze Data View to run

—__ Galaxy Analyze Data Workflow Shared Data Admin Help User
Options « History Options «
Your workflows Switch to workflow management view

Apolio Name # of Steps
Cassini

" Demo Workflow 4 -
Clementine 10: pds2isis ondata 1

Lt Workflows shared with you by others 1: mars_viking.pds

1.0Mb
Kaguya No workflows have been shared with you. format: pds, database: ?

Lunar Orbiter Info: uploaded None file
Lunar Reconnaissance Orbiter HOO

Galileo

Mariner

- Image in pds format
Mars Exploration Rover E -

Mars Express
Mars Global Surveyor
Mars sse

Mars Reconnaissance Orbiter
Messenger

Viking

Voyager

Workflows
Done




Tool Shed - Repository

__.: Galaxy TOOI Shed Repositories  Admin Help User

Administration Upload files to repository

Repositories = = View change log
Repository revision ) Lo
= Browse by category Browse or delete repository tip files

= Browse all repositories |2:d393a471564b _'J repository tip Reset all repository metadata

S Browsoimetadata C v ct and download versions of tools from this repository. Download as a .tar.gz file
Categories Download as a .tar.bz2 file
= Manage cateqgories isis3 Download as a zip file

Security Clone this repository:
= Manage users hg clone http://usat-admin@134.114.52.66:9009/repos/usat-admin/isis3

= Manage groups Name:
= Manage roles |isis3

1anged if the repository has been cloned.
Synopsis:
[Tools for 15153

Detailed description:

I3IS 3 tools

Revision:
2:d39a3471564b

Owner:
usat-admin

Times downloaded:
0

Location:
database/community_files/000/repo_3

Deleted:
False

Save

Preview tools and inspect metadata by tool version
Tools - click the name to preview the tool and use the pop-up menu to inspect all metadata
name description version requirements

Viking to w This program will import a PDS formatted Viking EDR into an Isis cube. The input file can be in compressed 1.0.0 R




Tool Repositories

Analyze Data Workflow Shared Data Admin Help User

Administration Install to local Galaxy | Tool Shed Actions ¥

Security
= Manage users
= Manage groups Revision:
0:8d65b025ed38
= Manage roles
Data
= Manage guotas
= Manage data libraries Tools - click the name to preview the tool and use the pop-up menu to inspect all metadata

Repository isis_tools

Preview tools and inspect metadata by tool version

Server name description version requirements
Tool versions cam2map v Convert camera image to a map projection 1.0.0 none
Reload a tool's configuration
Profile memory usage
Manage jobs

Manage installed tool shed
repositories

Tool sheds
= Search and browse tool sheds

Form Definitions
= Manage form definitions
Sample Tracking

= Manage sequencers and
external services

= Manage request types
= Sequencing requests

= Find samples




Tool Versioning

- Galaxy Analyze Data Workflow Shared Data Admin  Help  User

Administration ctxevenodd
ctxevenodd 134.114.52.66:9009/repos/usat-admin/isis3/ctxevenodd/1.0.0

Security

= Manage users d deriv
= Manage groups by 134.114.52.66:9009/repos/usat-admin/isis3/deriv/1.0.0

= Manage roles divi divfilter
o ivfilter 134.114.52.66:9009/repos/usat-admin/isis3/divfilter/1.0.0

= Manage guotas dstripe

« Manage data libraries dstripe 134.114.52.66:9009/repos/usat-admin/isis3/dstripe/1.0.0

Server gauss

Tool versions gauss 134.114.52.66:9009/repos/usat-admin/isis3/gauss/1.0.0

Reload a tool's configuration gradient

Profile memory usage gradient

134.114.52.66:9009/repos/usat-admin/isis3/gradient/1.0.0
Manage jobs highpass

highpass 134.114.52.66:9009/repos/usat-admin/isis3/highpass/1.0.0

Manage installed tool shed
repositories

Tool sheds interestcube
= Search and browse tool sheds

interestcube
134.114.52.66:9009/repos/usat-admin/isis3/interestcube/1.0.0

isis2pds
134.114.52.66:9009/repos/usat-admin/isis3/isis2pds/1.0.0

Form Definitions
= Manage form definitions

Sample Tracking _— isis2std
= Manage seguencers and [sises 134.114.52.66:9009/repos/usat-admin/isis3/isis2std/1.0.0

external services

isis2pds

kernfilter

= Manage request types kernfilter 134.114.52.66:9009/repos/usat-admin/isis3/kernfilter/1.0.0

» Seguencing requests
» Find samples kuwahara

kuwahara
134.114.52.66:9009/repos/usat-admin/isis3/kuwahara/1.0.0

lowpass

lowpass 134.114.52.66:9009/repos/usat-admin/isis3/lowpass/1.0.0

median

median 134.114.52.66:9009/repos/usat-admin/isis3/median/1.0.0

minmax

minmax 134.114.52.66:9009/repos/usat-admin/isis3/minmax/1.0.0

mroctx2isis

mroctx2isis 134.114.52.66:9009/repos/usat-admin/isis3/mroctx2isis/1.0.0




Additional Features

» Cluster Processing
Multi-Threaded

= Tool Shed

Update Notification
= Shared workflows

Check For Updates
Missing Dependency
Notification

Local Tools Tool Shed




Challenges: Tool Builder

= Problem: = Solution:

ISIS XML to Galaxy Tool Shed
XML Better for future

Imperfect mapping
Unused features




Challenges: Tool Shed

= Many database
generations

_earning Python

Framework
Knowledge




Challenges: Galaxy

= Architecture
Galaxy

Bioinformatics

= Framework -—-Ga Iaxy

ISIS Data Library
= Registering

Data Types
Tool configuration




Schedule

Requirements

Implementation

Testing

Documentation




Conclusion

»All basic client requirements have been met

=As well as many secondary goals

"Integrating ISIS into Galaxy lays the foundation for
further enhancements in Astrogeology analysis

=Opportunities to expand Galaxy into new domains




QUESTIONS?




