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Chapter 1. HowTos Preface

1.1. Introduction

This document is intended to provide a general overview of the main interface to the Herschel Data
Processing (DP) software referred to as HIPE (Herschel Interactive Processing Environment). HIPE
provides aGUI plus command-line accessto the data processing capabilities of the Herschel Common
Science System (HCSS).

The intended audience is for the general astronomer new to the DP system who wishes to start with
HIPE for doing standard data analysis. More specidist analysisis possible and scripting, allowing for
batch processing, can be done within the system.

For those interested in becoming more advanced in the system the "DP Basic User's
Manual " is also available from within the DP help system and on-line as PDF and HTML
documents.

1.2. Change Log

The following items have been changed or updated between document version 0.6 and 0.7 Changes
are with respect to user release 1.0 of the HCSS and DP system.

» Chapter 3: HSA interface -- updated to include the new interfaces allowed by HSA v1.5.

 Chapter 8: Save and restore from pool s updated to include new views available on creating storages,
registering them and using them.

» Chapter 2: HIPE overview -- updated to include short introduction to the new viewsin HIPE; Import
Herschel data into HIPE, Export Herschel data from HIPE, Product Storage Manager and Save
Productsto Store.

The following items have been changed or updated between document version 0.5 and 0.6 Changes
are with respect to user release 0.6.7 of the HCSS and DP system.

» PACS pipeline chapter -- complete update for photometer/spectrometer and different modes

» HowTo display spectra-- now includes SPIRE spectroscopic example.

HIFI pipeline -- complete update for running in HIPE or via command line.

SPIRE pipeline -- complete update to most recent photometer/spectrometer pipelines.

Additional chapter on Spectral Cube analysis.

Changes were made in going from version 0.4 to version 0.5. The following items have been changed
or updated. Changes are with respect to user release 0.6.7 of the HCSS and DP system.

* PACS pipeline chapter -- access to cal Tree defined

* HowTo plot -- Tex-like features and properties interactions updated. Several typos (including in
example scripts) removed.

» HIPE overview updated to reflected changes to perspectives and views in most recent release.
» Minor updates (links, typos etc.) in Archive, DataAccess, Save and Tables HowTos.

Substantial changes were made in going from version 0.3 to version 0.4. The following items have
been changed. Changes are with respect to user release 0.6.6 of the HCSS and DP system.
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HIFI pipeline chapter substantially updated
SPIRE pipeline chapter updated to include sample output products

HowTo chapters on spectral display, image display and arithmetic , spectral arithmetic, spectral
fitting and image analysis al added.

HowTo Access Data substantially changed to include updates in access to the Herschel Science
Archive.

HowTo Save and Read data to and from FITS and ASCII files -- information expanded.

The following items have been changed in version 0.3 from version 0.2. Changes are with respect to
user release 0.6.5 of the HCSS and DP system.

HIFI pipeline chapter added

PACS pipeline chapter added

SPIRE pipeline chapter updated to include sample output products
HowTo plot chapter updated.

HowTo save chapter updated, including missing image.

The following items have been changed in version 0.2 from the original version (v0.1). Changes are
with respect to user release 0.6.4 of the HCSS and DP system.

Update of HIPE overview to new views/capabilities of the HIPE environment.

How to Save data section added.




Chapter 2. HIPE Introduction

-- Using the Herschel DP Interface

2.1. Introduction

The data processing application for Herschel Data Processing, Herschel Interactive Processing
Environment (HIPE), provides an integrated suite of graphical interfaces that can interact with each
other. It alows for interactively choosing your active data in your session, visualizing that data in
variouswaysand sel ecting tool sthat can operate on the data. Both command-lineand GUI interfacesto
the user are available. High-level interactions, which can involve GUIs, are also echoed as commands
on the command-line that allow the saving of commands used in a session and the generation of scripts
from these interactions.

This chapter provides an overview of the fundamental elements of HIPE.

2.2. HIPE Philosophy

HIPE tries to embrace several aspects which affects both users and developers:

» Anintegrated application - giving access to all data processing functionality in a unified graphical
interface

A single look-and-feel for window layouts, toolbars, buttons and menus.

A customizablelayout - allow the user to decide which windows arerelevant and how these windows
are layed-out on screen.

¢ User guidance - including command-line echoing of main graphical functionality, allowing the user
to learn the scripting language by interacting with the system interactively.

 Extendible application - allow the devel oper to add new bells-and-whistles which are automatically
integrated

2.3. Installation and Startup of HIPE

Important

A In case of any problems during installation please contact the Herschel Helpdesk via the
Herschel Science Centre website.

HIPE ispart of the Herschel Data Processing system. Y ou can download an installer from the Herschel
Science Centre at http://herschel .esac.esa.int/HIPE_download.shtml. Installation instructions are
provided at the bottom of the page.

If you are an internal user, you can also download the software from these locations:

* More instalers at http://www.rssd.esa.int/SD-general/Projects/Herschel/hscdt/
docsDplnstallInfo.shtml.

e Installers for release candidates a http://www.herschel .be/twiki/bin/view/Hcss/
HipeReleaseCandidates.

» Development versions via the Continuous Integration system at http://herschel.esac.esa.int/hcss/
build.php. See links on the page for instructions.



http://herschel.esac.esa.int/HIPE_download.shtml
http://www.rssd.esa.int/SD-general/Projects/Herschel/hscdt/docsDpInstallInfo.shtml
http://www.rssd.esa.int/SD-general/Projects/Herschel/hscdt/docsDpInstallInfo.shtml
http://www.herschel.be/twiki/bin/view/Hcss/HipeReleaseCandidates
http://www.herschel.be/twiki/bin/view/Hcss/HipeReleaseCandidates
http://herschel.esac.esa.int/hcss/build.php
http://herschel.esac.esa.int/hcss/build.php
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HIPE needs the Java SE Runtime Environment version 6. We recommend to install the latest update
for best performance. To see which Java version is installed on your machine type the following in
aterminal window:

java --version

You can run HIPE on a server or individual workstation under one of these operating systems, either
32-bit or 64-bit:

» Windows XP (Windows Vistais not formally supported).

* Sun Solaris.

e Any Linux distribution compliant with the Linux Standard Base version 3.0 or higher. A list of
compliant distributions is available on this page. HIPE may work on non-compliant distributions
too, but thisis not guaranteed.

* Mac OS X 10.5 Update 2 or later.

The minimum amount of memory needed is two GBytes. Four GBytes are the highly recommended
minimum for data processing; more may be needed in some cases (e.g. large PACS maps).

The maximum amount of memory available to HIPE can be set by choosing the Advanced installation.
To change the available memory afterwards, modify the propertiesj ava. vm nenory. m n and

j ava. vm nmenory. max in the relevant property file, as shown below (see the User's Manual for
more information on property files: Section 1.4):

java. vm menory. m n=64m
java. vm nmenory. max=512m

The Advanced installation also alows you to specify the name and location of a Versant database.
Only advanced users and calibration scientists should need to specify a database: if you are unsure
about this option, you probably do not need it. Interaction with databases is explained in the User's
Manual: Section 12.2.

Recommended browsers to visualize the HIPE Help System are the following:

» Microsoft Internet Explorer 6 or newer.

* Netscape 7 or newer.

» Firefox 1.5 or newer.

» Apple Safari.

Once the software is installed, HIPE can be started by severa means. Using Windows, Herschel

software can be started under the Start menu after a standard installation. Alternatively, HIPE can be
started from a command line;

hi pe
Theinstaller will tell you where the hi pe executable islocated.
When starting HIPE under Windows, you might see two command prompt windows called hi pe and

i a_hi pe. exe appear alongside the HIPE main window. Both can be safely closed once HIPE has
started.



http://www.linuxfoundation.org/en/LSB_Distribution_Status
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Upgrading and uninstalling

To uninstall HIPE, either follow the usual uninstallation procedure for your operating system, or
execute the uninstall_hipe command in the uni nst al | _hi pe folder.

To upgrade to anew version of HIPE, uninstall the existing version and install the new one.

2.4. Obtaining help in HIPE

Y ou can open the HIPE Help System via the Help menu. Help pages will open in a new tab of your
default web browser.

File Edit Run Window [T
; i wielcome!
(7 Cohtents
(7) Working in HIPE |
(7) Release Motes

Welcome tgg —...., - Era

i7) Welcome X

HD"."Er'}."Uur mDuSE D"n‘ler UTITE T irm= miTaye T ToOT mDrE
|

Figure 2.1. Accessing the HIPE Help System.
Y ou can access the following help pages from the Help menu:

» Contents: this option will open the main help window. The table of contents on the left displays
the available documentation, with more advanced material appearing towards the bottom (see

Figure 2.2).

* Working in HIPE: this option will open Chapter 2 of the HowTo's manual, the same you are
reading now (see Figure 2.3).

» Release Notes: this option will open a document with the most recent additions and changes to
the system.

HIPE Help System - Mozilla Firefox

File Edit View History Bookmarks Tools Help

S - @ (G (U hp127.0.0.1:8082ndexsp [x[p] [G-[Googe 5] @ -
U HIPE Help System (@ -
TOC  Searh Favorites fit & A > | Dlelo
User
4 [ Herschel Data Processing HowTo Documents Welcome to the Herschel Interactive Processing Environment Help
+ [ What's New in User Release 1.1 System

+ [ Frequently Asked Questions

User
Advanced User

== .
0 A Basic User's Manual Herschel Data What's New in User Frequently Asked
i1 [P1HCSS User's Reference Manual HOW Processing HowTo Release 1.1 Questions
Introductory Developer Documents L[®] Documents FAQ

+ [7] A Developers Manual
Advanced User

A Basic User's Manual HCSS User's
o # Reference Manual
UM URM

+ [ HCSS Developer's Reference Manual (API)

Done

Figure2.2. The HIPE Help System home page.
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HIPE Help System - Mozilla Firefox

File Edit View History Bookmarks Tools Help
& - @& (b [ O hitp:127.0.0.1:8082findex jsp [=]#] G| Googie &) @ -

[_| HIPE Help System (%]
TOC  Search  Favorites metzloadlsglo

User

+ [Herschel Data Processing HowTo Documents

G LT e R Chapter 2. HIPE Introduction
+]  Frequently Asked Questions
Advanced User -- Using the Herschel DP interface

+ [T A Basic User's Manual
+ [THCSS User's Reference Manual Table of Contents

Introduciory Developer Documents 2.1. Introduction

+} (™ A Developers Manus! 2.2. HIPE Philosoph
| [ HGSS Developer's Reference Manual (API) 2.3. Installation and Startup of HIPE

2.4. Obtaining Help from within HIPE
2.5. HIPE Welcome Screen
2.5.1. Icon: Work Bench

2.5.2. Icon: Access Data
2.5.3. Icon: Documentation

2.5.4 Icon: Preferences

Done

Figure 2.3. Help on working with HIPE.

2.4.1. Obtaining help outside HIPE

When you quit HIPE, links in any help pages will not work anymore. Even if you restart HIPE, you
will have to open the Help System again.

To access help outside HIPE you can use the show_help, which resides in the same folder asthe hipe
executable. Thiswill bring up the following window:

__ YetAnother JAvaHelp System

hess.iadocumentyajahs.webapp Jherschelfiafdocument/war/yajahs.war
hcss.iadocumentyajahs.contentdir [izzo/Software/dp.core-1.2 /doc/yajahs

Controller

ID of document to be displayed I I:l
‘ Display Exit

Figure 2.4. The standalone Help System.

Clicking on the Display button will start the HIPE Help System.

For advanced users: accessing the Javadoc

If you are comfortable with Javadoc documentation, you can accessit in the HIPE Help System home
page by clicking on HCSS Devel oper's Reference Manual (API) in the table of contents. To obtain the
traditional frame-based Javadoc layout, click on the FRAMES Iink on any Javadoc page. To get back
to the HIPE Help System layout you will have to use the Back button of your browser (clicking on the
NO FRAMES ink will not work). To have both layouts available, you may want to open the Javadoc
layout in a new tab or window of your browser, by right-clicking on the FRAMES ink.

2.5. The HIPE Welcome Screen

When you start HIPE you are greeted by a Welcome screen with six icons, which are described in
the next sections. Note that the Updatesicon is not yet available. Placing the mouse over each of the
icons on the screen provides a small description that appears along the bottom of the HIPE window

(see Figure 2.5).
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[-JHIPE - Herschel Interactive Processing Environment =10] =]
File Edit Run Window Helg

1= s Q@
(7) Welcome X —

Welcome to Herschel Interactive Analysis!

Hover your mouse over ane ofthe images belaow far mare information.

¥ g @

¥

Work Bench Access Data Documentation

L

A Q
T —
Preferences Updates External Tools

Tip: Wou can always get back to this page by selecting in the menu bar: Help -= Welcome!

Search local and remote data to import into your session

]

Figure2.5. Information on "Welcome' screen icons. Seebottom strip of theHI PE screen for theexplanation
of each icon the mouse is placed over. In this case the Access Data view is stated as being accessible via
theicon the mouse ishovering over.

Notethat atool bar existsat thevery top right of all window displaysof HIPE. Thistool bar anditsuses
are discussed in the section on HIPE perspectives (see Section 2.6). However, just to note here that
the Welcome screen can always be returned to by using the 'Help' pulldown menu to "Welcome' (see

Figure 2.6)
. The Welcome screen is also available using the first icon in th elist to the top right of the HIPE

screen (ﬁ:).

EHIPE - Herschel Interactive Processing En¥ironment

File Edit Run Window Bgl

(M 1E!

; [=‘¢ ol COFE

(7) Contents
? = : :

2 Welcome X | (7) wWarking in HIPE I

(7) Release Motes
Welcometdg ... - BT

Ahout
HI:I'I.fEr'!.l'EIUr mDUSE DIUIEr e oarorme IIIIGHUD HETOTToT mD

Figure 2.6. HIPE Welcome screen access.
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2.5.1. Icon: Work Bench

=)

P

Clicking on the @ icon takes the user to the workbench perspective (for information on
perspectives in HIPE see Section 2.6). The default view of the workbench is shown in Figure 2.7.
Thisis the main work areafor doing data analysis. Here we can look at data values, plot spectraand
images, create scripts for batch processing and run analysis tools. The contents of the workbench can
be updated with various "Views" available under the Window pull-down menu (see Section 2.8 on
available Views).

The current default work bench is a somewhat slimmed-down version of the full work bench. Either
perspective on the system can also be be provided via use of the "Window" menu. Selection of the
"Show Perspectives' and either "Full work bench" or "Work bench" provides the two main default
perspectives for when doing work in HIPE.

EHIPE - Herschel Interactive Processing Environmenk I ] 4

File Edit Run Window Help

| Editor X _ o || 52 variables x _n || 2@ Tasks x =
= Al
-

& Anplicable
% By Category

i
i |

© ANGSTROMS
@ ASTRONOMICAL UNITS |88
@ chd

@ CEMTIMETERS

@ chsub

@ chsubz

@ chwidth
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@ DAYS
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@ ELECTRON_CHARGE
@ GIGAHERTZ

@ H_PLANCK

@ HERTZ
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@ KILOHERTZ
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@ MICROMETERS
@ MICROSECONDS
@ MILLIMETERS

@ MILLISECONDS
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@ PERCENT

@ SECOMNDS

@ sghotnoige

@ Sorting

Figure 2.7. HIPE default view of the workbench per spective.

2.5.2. Icon: Access Data

N

The "= icon opensup areplacement window in HIPE that provides accessto dataheld in databases
both locally or at aremote site (for example the Herschel Science Archive). It also allows the import
of FITS and ASCII table filesinto and out of a DP session.

The access tools allow the user to search and do queries on stored data and its attributes in order to
make it accessible within the processing on.
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Four icons appear that allow import/export to databases, direct accessto the Herschel Science Archive
or import/export of FITS or ASCII tablefiles (see Figure 2.8).

-loix
File Edit Run Window Help
4 SIS = 5 QO
() welcome X =
Access to Herschel Data
The Herschel Interactive Analysis software provides a number of means to load and save data either remotely or locally.
Herschel Archive Browser Impert FITS Files
The Herschel Archive Browseris a FITS files may be loaded into the
graphical user interface to the Herschel session directly, so both its contents
Archive. It provides the means to query and header {meta-data) can be
on meta-data and download the accessed.
products directly into Hipe. You can read FITS files generated with
Herschel software as well as standard
FITS files.
Access Data Products Impart ASCIl Tables
The Product Access Layer (PAL Tables of data written in text files can be
provides the means to access and read and imported into the session as
store data products fram and to a whatis called "Tahle Datasets" in
variety of storage locations, be it Herschel terminalagy.
remotely (and cached) ar lacally. The exact columns and separators that
In addition the PAL provides meta-data you expect for your data can be
searching as well as data mining. specified in the task dialog for reading
the table.
Yelcome

2.5.3.

Figure 2.8. HIPE default view of the workbench per spective.

Clicking on the "Herschel Archive Browser" icon opens up the Herschel Archive perspective, while
the Data Access icon takes the user to the Product Access Layer perspective (see Section 2.6 for
information on these perspectives). The means for actually bringing datainto the system is described
in detail in the HowTo Access Data.

For FITS and ASCII 1/O the other icons produce perspectives that allow for this which are based on
the default Work Bench plus the simple FITS archive tool or ASCII archive tool respectovely. These
are discussed more thoroughly in the HowTo save and restore data (ASCII and FITS).

At the bottom of the screen is alarge back-arrow button that allows the user to return to the original
"Welcome" screen.

Icon: Documentation

The \4) icon allows access to the complete DP release documentation tree. After clicking on this
icon, documentation is provided viaaweb browser and uses the Eclipse software system which comes
with the HCSS build. The user is able to get the top-level How-To information that explains such
basic functionality as accessing data in a database, displaying images and spectra, plus basic image
and spectral analysis for Herschel (also see Section 2.4).

Links are aso provided to documentation that explain the scripting capabilities and use of the
commands on the command-line of a console window. Thisallowsthe user accessto the full power of
the system as well as the creation of his’her own batch mode processing. The scripting language has
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great similarity to the Jython scripting language and borrows many of the items from that language.
Thisis contained in the "Basic User's Manual".

User task commands, numerical package and product storageinformation isalso availableintheUser's
Reference Manual (URM). The URM providesashort inrtroduction to any of the commandsavailable.
Help for a given command displays the URM contents for that command.

Devel oper documentation for the complete systemisavailable. Thesearein JavaDoc format (described
in Chapter 9 of the "Basic User's Manua"). Any of these commands may be used at the console
command line or within scripts produced for the DP system.

2.5.4. Icon: Preferences

The 2 «i’ icon allowsyou to access the Preferences dial ogue window shown in the following figure:

Preferences
=~ General General > Appearance
Ct_:nsnle Flease find preferences under children categories.
Window
Festore Defaults Apphy
Import... Export... (0] 4 Cancel

Figure 2.9. The HIPE preferences window.

You can set preferences in the available categories and revert to the default values at any time. You
can also export/import the values of the preferences to/from an XML file.

2.5.5. lcon: Updates

(&
Theicon # functionality is NOT IMPLEMENTED YET. Clicking on this item will (in future)
allow the user to search for software updates available from the Herschel Science Centre.

10
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At the bottom of the screen is alarge back-arrow button that allows the user to return to the original
"Welcome" screen.

2.5.6. Icon: External Tools

-

Theicon = —-— takestheuser to aset of iconslinking to Virtual Observatory tools, including V OSpec,
VOPIot and Aladin. Included in this listing is the Herschel Science Archive (HSA) browser, as
Herschel components are VO-compliant. The HSA also usesaV O-like interface with HIPE. Clicking
on any of the icons launches the external VO tool. Help and assistance with these tools are provided
separately from within the tools or associated administrative website, except for the HSA browser
interface which is described in this manual.

At the bottom of the screen is alarge back-arrow button that allows the user to return to the original
"Welcome" screen.

2.6. HIPE Perspectives

When going to the workbench or using the welcome icon link to the data access capabilities of HIPE,
the user is presented with a"perspective". A "perspective” is a presentation of the system that is made
availableto the user through aset of "views" (basically separate windows within the environment that
provide particular capabilities). The following section discusses the views the user can have, but in
this section we describe perspectives and in particular the default workbench perspective. We aso
discuss how the user can control a perspective to make it as simple or as complex as wished.

HIPE is built-up from severa graphical elements, of which the fundamental ones are shown in
Figure 2.10, which provides the full work bench. A perspective is a collection of graphical windows
("views") organized in a way to focus the user on doing a specific job within the whole suite of jobs
that a user can and will do within the system. It may consists of one or more views and, optionally,
the editor area; these windows are then organized in tabbed panes and split panes. Many of the views
also contain their own toolbars. These toolbars are in addition to the toolbars for HIPE displayed at
the top left (editor capabilities for editor window view) and right of the HIPE screen (icons providing
access to full set of defaults perspectives -- hover mouse over icon to view perspective name).

a5 Tasks X [l

5 Al
w Applicable
% By Category

Figure 2.10. A single element (view) for a HI PE per spective.

2.6.1. Available Default Perspectives

There are five perspectives that come pre-packaged in the system. These can always be obtained
by using the toolbar at the top of the HIPE window. Click on "Window" and pull down to "Show
Perspectives', which provides the list.

11
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2.6.1.1. Product Access Layer Perspective

The Product Access Layer perspective provides a convenient means of getting and briefly viewing
data from databases and data stores -- both locally and remotely stored. This is illustrated in
Figure 2.11. There are 4 windows ("views") including an editor where DP scripts can be created (see
the DP User's Manual).

Data can be queried from alocally stored database (default is under the ~/.hcss directory) or remotely
registered database using the "Data Access' view seen to theleft of the perspective (see Section 2.8.3).
More information on how to get data from databases and the Herschel Science Archive is available
from the chapter HowTo Access Data.

| {-JHIPE - Herschel Interactive P =10] x|
File Edit Run Window Help
O 5EQe
. Data Access X [—n]| 5 outiine x — o = Eaitor x =
QUER: |There are no Storages loaded v| no autling infarmation available
r Ohservation rAﬂributes r Meta Data r_(‘ a| 3
Target [ |
Proposal ID | |
Proposal Title | |
Instrument [ |
OperationaIDay| |
Observation 1D | |
22 variables x (=08
h
@ ANGSTROMS =
@ ASTROMOMICAL_UNITS
@ chd
@ CENTIMETERS
@ thsub
@ thsub2
[ All ersions | o search 2 Ch:"”dth <
1

Figure 2.11. HIPE Product Access Layer (PAL) perspective. This provides access to data stores both on-
line and on the user's own computer.

2.6.1.2. Classic(JIDE) Perspective

TheClassic JI DE perspective providesascripting environment with 3 windowsthat provide an editor/
debugger window, a console window and a log window. This is the basic view of the system used
during earlier development of the DP system (see Figure 2.12). A new Jython (DP) script window can

e

=l
be added by clicking on the icon at top left of the Editor window. More information on the
Editor view can be found at Section 2.8.4. The DP User's Manual, available under the Help menu, also
provides significant further help on JIDE itself and the HIPE/JIDE view in creating user scripts.

The same perspective can be obtained by clicking the icon to thetop right of the HIPE window.

12
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EHIPE - Herschel Interactive Processing Environment N 1Ol x|

File Edit Window Help

=

i
e |

| Editor X =N

i/ console % [—no|| & History x (=]
Tony's IA>> Line [otatus| | . [Err.| Trace
1 | ¥

== 1%

Figure 2.12. HIPE's 'classic' JIDE per spective.

2.6.2. The Full Work Bench Perspective

The Full Work Bench perspective provides a general environment with multiple windows, five
of which are prominent (editor, console, variable list, outline, run tools). Other windows/views are
available by clicking on the tabs, e.g., Navigator, Classes (see Figure 2.13).

13
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[-JHIPE - Herschel Interactive Processing Environment

File Edit Run Window Help

= Navigator X YE Pd ¢ p §-0

-

-~ 1=~ User areas
n
e .\J Home Falder

- B File System

| Editor %

[—nO|| o Tasks x %, =

=l
@ Applicable
%8 By Category

22 variables x _no
-

@ ANGETROMS -

@ ASTROMOMICAL_UNITS

@ chd

@ CENTIMETERS

@ chsub

@ chsub2

@ chwidth

@ cut

@ database_property

i El console x

o= Outline X _o

Li=>=

no autling infarmation availakle

Figure 2.13. HIPE view of the full work bench per spective.

2.6.3. The Work Bench Perspective

The Work Bench perspective provides a simmed-down general environment similar to the work
bench but with only with four windows (views). The editor, console, variablelist, outline, tasks views
are available (see Figure 2.14).

14
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[-JHIPE - Herschel Interactive Processing Environment

File Edit Run Window Help
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| Editor %
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%

@ Applicable
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Figure 2.14. HIPE default view of the work bench per spective.

2.6.4.

Archive Browser

The Archive Browser perspective provides a convenient means of querying and obtaining data from
the Herschel Science Archive (HSA). There are three views related to providing log-in information
for the HSA, the connection to the HSA (via plastic VO protocol) and the loading of selected data

from the archive (see Figure 2.15).

Queried data appear under a single, selectable variable in the DP session (under Variables view) and
a click on the variable alows its outline to be provided in the Outlines view. These two views are
described in more detail later in this chapter. Further information on how to get data from databases

and the Herschel Science Archive is available from the chapter HowTo Access Data.

15




HIPE Introduction

[-JHIPE - Herschel Interactive Processing Environment =10] =]
File Edit Run Window Heln
{5 Herschel Login X ] Editor % =
Mot logged in | Log nutJ
Password:
Log in
&= Herschel Science Archive X =
-ACCess
Open HSA User Interface
0% Ot I He .
i ine X - 0| & consale \Q.:.-_ H\story\g Log | & Variables x sl
Retrieval no outline infarmation available -
o ANGSTROMS i
@ ASTROMOMICAL_UNITS
Load selected praducts || Cancel | @ chd
@ CEMNTIMETERS
@ chsub
@ thsuhl
: © chwitth
No data vzl et i
@ database_property
@ DAYS
© DECIBELS
Cl CeTo bk A E =

Figure 2.15. HIPE Archive Browser perspective. This provides access to the Herschel Science Archive

(HSA).

2.7. Changing HIPE Perspectives

Changing a perspectiveto aworksurface that auser prefers can be donein various ways. Each window
can be resized or dragged to different areas of the workspace. Also, new views can be added to a

perspective.

2.7.1. Adjusting Individual Views

Each individual window can be adjusted in the following ways.

* Window resizing. These can be adjusted in a standard way. To the top of each window, the cross

( X)on the tab being clicked removes the window/view. The underscore line minimizes a window
(_) while the window can be maximized or returned to its original size by clicking of the box figure
inthetab at top right. Minimized windows appear to bottom left of the workspace (see Figure 2.16).
Holding the right mouse button down while on the window tab also providesamenu which includes
the same options.

Clicking and dragging borders of each of the windows allows for expansion in any direction of any
of the views.

Window Tab Placement. A right click onthe view tab providesapull-down menu that allows some
default window resizing and also tab placement and direction of written label (see Figure 2.17).

Moving Views. Windows can be moved inside the HIPE workspace by clicking on the window
itself and dragging to another part of the worksurface. Outline black boxes appear on the screen
indicating where the window would be if the mouse button was released at that point.

16
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It is also possible to completely Undock a window view by holding the right mouse button down
while on the window tab. Pulling down on the menu to "Undock" allows the view to become a
separate window that can be moved completely off of the HIPE surface (see Figure 2.18 for an
example). To move this undocked window the user need only click on the top, blue part, of frame
of the window and drag to wherever he/she wishes on the screen surface.

* Moving Between Windows in a View. Windows can be moved inside a view using the arrow
buttons to the top right of the view. The left and right arrows toggle through the windows available
in aview, while the down arrow allows window selection from alist (see Figure 2.19).

Eﬂr" Editor & H][E History, Log, Console & x]

Figure 2.16. Minimized window appear ance at the bottom of the HI PE window.

WCS: First coordinate of reference pixel
WS Second coordinate of reference pixel

o
2 Lindock
Lok

criall Restare
a2l Minirmize
el 1 68
cd1_z| ¥ Close 913
cd2 1| ® Close Others 113
od2_2 Move to Window Bar » /B2
CrpixT L
Crpixd Tah Qrientation ]
naxisl  Tahb Direction » Right

IER

[= Data Sets
— @ [[uEPE

Showy Wiew:

WCE Reference pixel position axis 1, unit=Scalar

WCE Reference pixel position axis 2, unit=Scalar

The number of columns

The number of rovs

Figure 2.17. Changing tab positionsin a HI PE view.
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EHIPE - Herschel Interactive Processing Enyironment 1 = Dlll
File Edit Run #indow Help
1=~ Havigator (I:E Eg{ dy=sn [135_1 Hig.wnr\(\ ng‘]’E Console X
& B - |[[ra> I]== an
e @ Applicable
—- 1= User areas By Category
i[ }J Home Falder
- B File System
|
| Editor % (o]
-0
-
-
L UNITS
prhy =
-0
on available
:

Figure2.18. Example of undocking aview using HIPE. I n this case the Editor view has been undocked and
now sits" over" the HIPE worksurface and can be dragged to anywhere on the user's computer screen.

| Editor X [— 0| @& Run Tools X

k (P UM_evamples_checkspy @ ratateTask & resuttt | = rotimage x (O [F)|||@ rotateTask
crval 300 i A o nordinate of refer el # o5
crval2 -22.58 WS Second coordinate of reference pixel B mylmage?
ot _1 0.8660253964992068 @ rotateTask
cot_2 -0.50000001 26183313 & UM_examples._checks.py
cd2_1 0.5000000126183913
cd2_2 0.8660253964992068 e_ IRt Bt
crpicd 308 11474338811865 WeS: Reference pixel position axis 1, unit=Scalar a2t
Croixa 39.61473686441035 WCS: Reference pixel position axis 2, uni=Scalar rotimage
naxis1 962 The number of columns
naxis2 aar The number of ravws

Data Sets
[ Data Sets

Figure 2.19. Selecting windows within a view. The down arrow shows the list of windows availablein the
Editor view that the user can moveto.

2.7.2. Adding New Views to the Perspective

Several additional viewscan be added to aperspective. The completelist isobtained from the Windows
menu on the toolbar at the top of HIPE. Pulldown to " Show Views" to show the available viewsin the
system. Click on one to add that view to the current worksurface (see Figure 2.20).
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HIPE - Herschel Interactive Processing Environment

File Edit Run g
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4, Data Access .
[*] Editor
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= Navigator x TP T 5 -0
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gl File Systern £ Hifi Pipeline
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Log
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2 FPackages
Tasks

22 Variables

() Welcome

Figure2.20. The'Show Views' selection from the Windows pulldown menu liststheviewsthat can beadded
(note: if the view already existsthen a new oneisnot added).

2.8. Available Views And What They Allow
You To Do

2.8.1.

2.8.2.

Each view has particular capabilities that can be combined to provide a powerful interactive
environment. However, the environment can be simplified to a few windows to make a perspective,
as noted above. The views available under the HIPE "Window" pulldown menu on the toolbar can
be added to any perspective.

Classes

Thisview allows the user to see all the classes (routines) currently available in the session. These can
include scripts written and loaded into the system by the user. Help information for any of the classes
can be obtained by use of aright mouse button click. This brings up a small menu which provides
accessto Help.

Help information on a class appearsin the "Topic Help" view.

Both these views are available as default "Workbench™ perspectives (see Section 2.6.1).

Console

The Console view is aso available in the default workbench window. It provides a terminal-like
input for the DP system where command-line DP inputs can be made. A prompt (editable in a user's
properties) is provided.

Re-running commands. It ispossibleto cut and paste command linesinto thewindow. It isalso possible
to rerun commands by clicking on the window then hitting the up arrow key until the command that
requires repeating is reached. Editing of the command line can then be done before hitting return again
to rerun the (edited) command.

Note that the console inputs are the same asfor the classic JIDE case and itsfull useisdescribed in the
Basic User's Manual. Outputs such as plots or images will appear as separate tabbed windows within
the editor view (see below for more information on the Editor view).

The console window is also where printed output from routines appears. So a routine that involves a
print output will provide that printed output to the Console view (see Figure 2.21).
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['i:ii' Topic Help \QE:' Histany \Q Log TE Console X

rotateTask (image=myImage2, angle=30.0,interpolaticn=3, suksamplebits=1&)
Tony's IA»»Displayviresultl)

Tony's IA>>3Ystem.go()

NameError: 3¥stem

Tony's IA>>3vstem.gc{)

Tony's IA»»rotimage = resultl; del{resultl)

Tony's IA>>

1
=]

Figure 2.21. The Console view is where command-line input can be made and wher e feedback command-
lines appear following the use of a GUI.

2.8.3. Data Access

Thisview brings up theinterface for downloading datainto asession (see Figure 2.22). Thisprovidesa
mechanism for interacting with aset of dataon auser's machine or data contained in remote databases,
including the Herschel Science Archive (HSA). The data can be accessed by several means;

-, Data Access X [ -0

Queny: |There are no Storages loaded il |

[ Observation | Aftributes | Meta Data | Data Mining
Target

Proposal ID ‘

Proposal Title ‘

Operational Day‘

|
|
|
Instrument ‘ |
|
|

Obsetvation 1D |

[CI Al Versians | & Bearch

Figure 2.22. Outline of avariablein the DP session is shown in the Outline view.

» Observation: which allows querying for observations by target, proposal information, instrument
or observation id/day of observation.

» Attributes: which allows data selection viaattributes in the data products such as creation date and
instrument model.

» Meta Data: which allows selection based on metadata associated with the productsin the database
(TBD).

» Data Mining: which allows selection based on information contained within the science data
themselves (TBD).
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2.8.4. Editor

The Editor view is where scripts are displayed and can be edited (see Navigator view information).
When scripts are viewed a complete editing environment is made available allowing for standard
editing capabilities. These are available under the "Edit" toolbar at the top of the HIPE work area (see
Figure 2.23). A number of edit capabilities are also shown by icons (&8 B # % & & & w @)
which can be clicked to perform certain tasks. Hovering the mouse over each of the icons indicates
the edit function it performs, e.g. the torch icon provides find/replace edit capabilities and the double
arrow icon alows the loading of everything showing in the current editor window. The run icon will
run the highlighted lines shown in the currently shown edit window. If no lines are highlighted then
the one line will be run from where the cursor is presently placed at the side of the script. An arrow
appears marking this position when the mouse is clicked next to aline -- in left hand side grey region
-- inascript window (see Figure 2.24).

DP—EAE response on User ¥ision

File Run Window Help

F <7 Undo Cirl-Z
|22 — % ¥ Packages 4 4 » ¥ - 0O || [¥ Editor x
e T Cirl-¥ g ¥
oy - b P{f‘ LIM_examples_(
Faste CH-Y r-HowTo-0-1 a crval’ a0.0
-HowTao-0-2 b B [[ll] creal2 -22.9
Qpen Enter
: r-HowTo-0-2 xml cd1_1 0.86602
# Delete Delete 5 pdr cdl_2 -0.50001
%] Open'With b th & Destroy.nk cdZ_1 0.50000
- SYSTE IO SR, dot Log. 2 Bk

Figure 2.23. The Edit toolbar.

] Editor x * =
2 @ rotateTask | UM_examples_checks.py X @ ratateTask ' result! i rotimage * [ 4 »

#scale size of an image

Ll

o = Sealedly (itEgesyItiages . 3 = B.5,.. 3w =2, %
interpolation=Scale.INTERF BICUBIC, subsampleBits=3
P Displayis)

# translate an image
im trans sky = Translate{) (image=myImageZz, ra=0.03;d§i
Display({im trans sky)
#transpose an image

im pose = Transpose () (image=myImageZ, type=Transpose.

Displavi{im pose)
PR Iv]

4]

Figure 2.24. The Edit arrow is placed next to the line the user wishes to execute next. In this case, the
Display task would be called once the Run button was clicked.
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Once a script isinitiated, it can be halted by clicking the red highlighted square (Stop) icon. NOTE:
the current line of the script will be completed before the script stops running. This can lead to adelay
before coming to a halt.

The Editor view is aso where informational overview or the contents of a DP file type are displayed
-- when requested. It is also the area where plots -- which are in themselves editable, e.g. zoom, pan,
change of labeling, task dialogs etc. -- are placed. Examples are shown in Figure 2.25 and Figure 2.26.

7] Editor X ", =
5 | & mylmage2 X ‘& rotateTask (® UM_examples_checkspy @ rotateTask (& resuitt (5[ < » 7

Meta Data
name yalLe unit description
type Lnknown Product Type [dentification
creator LInknown Generator ofthis product
creationDate |2003-05-29T11:49:145 Creation date afthis product
description  [Unknown MHame ofthis product
instrument LInknown Instrument attached to this product
moadelMame  |Unknown Model name attached to this product
stantDate 2008-05-28T11:49145 Start date of this product
endDate 2008-05-28T11:49145 End date ofthis product
naxs 2 WCES: Mumber of Axes
crpix 29.0 WiC S Reference pixel position axis 1, unit=Scalar
Crpixd 29.0 WCS: Reference pixel position axis 2, unit=Scalar
crall 0.0 WiisS: First coordinate of reference pixel
crval? -22.48 WS Second coordinate of reference pixel
el n Tho mnenbior of com e ee

Figure 2.25. A window shows metadata associated with an image within the Editor view.
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™ Editor X

J

| @ imageSubtract) H‘\
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“Input

Minuend & mylmage?2

Subtrahend Image & =none specified=
Referente LS

-output

“ariable to he created

difference

~info

status: Lkt

progress:

Clear Accept

2.8.5. Export Herschel Data from HIPE

2.8.6.

Figure 2.26. Window showing a task dialog associated with an image rotation within the Editor view.

The area can hold several (tabbed) windows so multiple plots/scripts/file contents can be open at one

time.

This view allows Herschel data to be exported from the session into a directory structure which is
identical to the one found in the tar file of observations that are received fromt he Herschel Science

Archive following arequest for data. See Chapter 8 for examples.

Herschel Login

This view alows the user to login to the Herschel Science Archive (HSA). It is also available as
part of the Access Data perspective noted previously. See Figure 2.27. The user enters username and
password which alows certain priviliged access to the archive system.
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{31 Herschel Login X =0

Mot loged in | Log out |

Password

Figure 2.27. The Herschel Science Archive login screen provided by the Herschel Login view.

2.8.7. Herschel Science Archive

This view allows the user to access the Herschel Science Archive (HSA). It is also available as part
of the Access Data perspective noted previously. See Figure 2.27. The user can get the HSA interface
by clicking the "Open HSA User Interface" button. Once selection is done then the "L oad Selected
Products’ button will bring selection into the HIPE session. More information is provided in the
HowTo chapter on Data Access.

! Herschel Science Archive x -0
-ACC

Open H3A User Interface

rRetrieval

[ Load serected prouets | [ cancer |

Retrieval finished: 127 Products processed 100%

Figure 2.28. The Herschel Science Archive interface view.

2.8.8. HIFI pipeline

This has not been fully implemented yet, but will be a specific view from within which it will be
possible to run HIFI pipelines (in part or full).
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2.8.9.

History

The History view provides alisting of the commands executed at the console or lines executed from
the Jython script window of the Editor. This also shows whether the command was successful or not.

A tick (E‘) indicates the command supplied was successfully executed. A white crossin a red

circle (ﬂ ) indicatesthat there was a problem when performing the command. A click on the small

=+l
plussigninacircle( ™ ) next to thiswill expand out the error information including a complete
traceback (see Figure 2.29).

(2 Topic Help | | History = Log (B console

Line

Status Command Errar Trace

2] = |resultl = rotateTask|java.lang.Illeds

Figure 2.29. A traceback of errorsisavailable from the History window.

History can be saved and used for later batch processing. A right click on the History window allows
the commands listed to be either copied or saved to hard disk, enabling the contents to be used within
scripts edited in the Editor window or storage of the command listing. Later sessions can then easily
import the saved history into the Editor view for re-execution.

2.8.10. Import Herschel Data into HIPE

Thisview allows Herschel datato beimported from the tar file of observationsthat are received fromt
he Herschel Science Archive following a request for data. This creates a context for the observation
in HIPE that is easily navigable. See Chapter 8 for examples.

2.8.11. Log

The log screen provides alogging of the commands that have been executed from the command-line
or the equivalent from dialog interactionsin HIPE. It also indicates warnings generated in the system.
Thewarning system level can be adjusted by the pulldown menu available at the arrow to top right of
the window, from FINE to SEVERE warning levels (see Figure 2.30).
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Log x & console

b B G
04 Maow 2008 13:55:02.531 INFQ: [Cammand] hifiFipeline obs
04 Moy 2008 13:587:02.515 INFO: [Cammand] print obs1 get . Fi
L ilter level FINE
04 Mow 2008 135720062 INFQ: [Command] print obs1 from )
04 Mov 2008 13:57:38.593 INFO: [Command] print obs1 from Filter level INFO

Filter level WARNING
Filter level SEVERE

Figure 2.30. The Log screen with pull-down menu showing warning levels that are to be filtered and
displayed in the Log view.

2.8.12. Navigator

The Navigator view provides accessto the user'sdirectory environment. By default it providesalisting
of the user's home directory. Certain types of stored information can be brought into the session and
displayed. A right click on an item in the Navigator list provides items indicating what may be done
with the particular file (see Figure 2.31).

A prime example of using the Navigator tool isinloading aJython script (file ending with .py). A right
click and pull down to "Open With..." then "Jython Script Editor”, will open the script up in an Editor
view window (the Editor view can hold several, tabbed, windows). Scripts can also be run directly
from the same menu, with the "Run Script" item appearing on the menu. Although the scripts need to
be self-contained requiring no parameter inputs.

'Eg variahles ]E;Na\ﬂgatur KKI:E Packages ( 4 r 50

-

— |2 SpectrumFitter-HowTo-0-1 &

— [E] SpectrumFitter-HowTo-0-2.d

= SpectrumFitter-HowTo-0-2 xml
SPG-ICD-drafi-2.0.pdf
Spyhot- Search & Destroy.Ink
Systemn for SxR.doc

"f'ECr-SI:an-pIDt_p
Wh_CalsSci_H_apn Qpen Enter E

Webmaster_pos0l =7 gpen with ’
Webmaster_pos0
WinDump. exe Cut el
WinPrap_4_(.exe Caopy Ctrl-C
WiS_announcermer Paste Gty

=+ = Favorites
(?) Help F1 O

= ¥ Delete  Delete
Fowme x| 5
= Run script

|nu outline information availahle

Figure 2.31. The Navigator view for HIPE showing the optionsavailablefor the selected item on theuser's
system. Double-clickingon a" .py" script will open the script in a new Editor view window.

2.8.13. Outline

The outline information on a given variableis placed in this uneditable view. Clicking on the variable
in the "Variables' view (see Section 2.8.18)provides an output of its name, variable type (class) and
the herschel package in which this variable type is defined. In Figure 2.32, the DP session variable
nmy | mage2 is shown to be an image dataset which could be viewed using the available DP Display
task (for example).
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L0 Mariables x ﬁ; Mavigal 4 » ¥ =0

-

@ |

® |

miylim
mylmaie

mylmage2
rida sk
iy ant
mtcs
rotimage

P PO ETD

5Z Outline % o)

name mylmage?
class Simplelmage
package herschel.ia.datasetimage
= mylmage2
— = Dataset Map
L @ image

Figure 2.32. Outline of avariablein the DP session is shown in the Outline view.

NOTE: Thiswindow provides information only, and its contents can not be manipulated by the user.

2.8.14. Packages

This view brings up a panel that provides access to the packages that are currently available to the
session (see Figure 2.33. In order to get further information on what is available in a given package
the user can double-click on one of the folders displayed. Package documentation associated with the

available commands ( m) can be obtained by clicking on the command or right click on the item in
the Package view and pulldown to "Help". Documentation appears in the "Topic Help" view. Note
that the documentation provided at thislevel is not for the general user but more for those wishing to
use to use package elements to devel op scripts etc. within the HCSS.
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J % Packages x [J| Clag 4 » -0

= process -

- _fie_
- 4] Connect
- [J] DataFramehtaker
— [J] HkConnect

-
~ 4] hkPiot
3 4] MibSelector 1
— [¥] RunningAverage

. [J] wiewHifiDataFrame

ol

£F Outline %', —ao)

narme data
narme HkPlot
class PylavaClass
package arg.python.care

Figure 2.33. The Package view which is one of the tabbed viewsto the top left of the default Workbench
per spective. Information on a package item is shown in the Outline view.

Information on the package item is provided in the Outline view when the item is highlighted.

2.8.15. PAL Storage Manager

This view allows the user to setup storage areas (mini databases storing data in the structures used to
store Herschel observations. These areas can then be queried and read from and data can be stored in
them. See Chapter 8 for examples.

2.8.16. Save Products to Storage

Thisview allows the user to save data (Herschel data products) from their session into a store of their
choosing. See Chapter 8 for examples.

2.8.17. Tasks

Thisprovidesalist of tasksand toolsavail ableto the user from HIPE. These can be applied to variables
of the appropriate typein asession. A right click on the available task allows a menu with a pulldown
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that includes "Open With...". This allows a Task dialog where the task can be applied to a given set
of data. Some example workflows are given below.

When avariable (see Variable view, below) is highlighted, available tasks appear as available in the
"Tasks' listing. The Tasks are availablein three folders; All, Applicable, and By Category. The"All"
folder shows all availabletasksin the system, while"Applicable" tasks are those that are designed and
registered to run with data of the type associated with the highlighted variable in the Variables view.
The folders can be opened or closed with adouble-click. To start atask working on the data variable
highlighted, simply double click on the task shown in the list (see Figure 2.34).

i Tasks X

(2= 0

(= Applicable

@ hififipeline
= @ levellFipeline
= @ levelZFipeline
|~ @ Photometric des storage
|- @ Photometric drift correction
= @ Fhotometric trend builder
@ Remove one part of the offset by the subtraction of the median in the science data cube
- @ Responsivity and Flatfield correction
- @ simpleFitsyWriter
(= By Categary
- [= General
'f-@lmage
- @ add
= @ asciiTableReader
@ asciiTableWriter
=@ awm
= @ divige
= @ doDeconvolution
= @ eutract
= @ edraciRegionPixelSpectrum
= @ edractSinglePixelSpectrum
@ filterSpectrum
@ flagSaturatedPixelsCubeTask
= @ hifiGriddingTask
= @ hipeTestTask
= @ imporCubeTask
= @ mulliply
I~ @ replace
= @ resample
@ select
@ simpleFitsReader
= @ simpleFitsyWriter
= @ smooth
= @ statistics
= @ subfract

Figure 2.34. Tasks available for a given DP session variable are automatically made available in the
"Tasks' view. Applicabletasks are shown in the Applicable Tasksfolder.

Most of the tasks needed for basic data analysis can be accessed in this fashion. More information
on how to use tasks for general data analysis is provided in the set of HowTos that are available in
the main Help window (e.g., go to "Help" in the main toolbar at top left of HIPE, which opens up a
window with access to the full user documentation).

Double-clicking any task in the Tasks view brings up a GUI dialog in the Editor view. This can be
used to run the task in the appropriate way. In all cases an "Accept” button, to bottom right of the
dialog, under the progress bar, should be clicked to run the task with the given inputs (see example
task dialog at Figure 2.26).

2.8.18. Variables

This view shows the variables established in your session that you can use. Y ou can always see what
they arein two ways.

* Click on the variable in the Variables view. It's description and outline are shown in the Outline
view (see Section 2.8.13).

 You can print the contents to the screen in the Console view (see Section 2.8.2) by the command

print <variable name>
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Clicking on avariablein the Variables view enable you to see what type of variableit is (this appears
in Outline view, Section 2.8.13). In thisway it is possible to look at the structure of a complex item
in your session containing multiple groups of spectra or images.

A right mouse click on a variable allows a short menu to appear which provides the possibility to do
the following:

* Get help information on the variable type. The help information appearsin a new browser window
tab, and is the User Reference Manual information for the given variable type(see Section 2.4).

» Delete the variable from the session. Note that the equivalent command-line will appear in the
Console view (see Section 2.8.2).

» "Openwith" alowsalist of waysto view the variable other than in outline (e.g., if itisatable you
can useaDataset Viewer, see Figure 2.35 or Spectrum Viewer for spectra). These viewers currently
provide output in the Editor view (see Section 2.8.4).

a: Variables X "= Navigator |12 Packages L) « » 3 -0

w

@ al
@ <
@ s0
@ spec
@ e
@ Cpen Enter
CWY B Open With @ [Dataset Wiewer
®Y o Crl-x

Copy Cirl-C

Faste CArl-

¥ Delete Delete
(7) Help F1

Figure2.35. Toolsavailablefor agiven DP session variableareautomatically madeavailablein the" Tasks'
window.

2.8.19. Welcome

Opens up theinitial startup window.

2.9. Viewers in HIPE

A convenient feature of HIPE isthat recognizes the type of variables held in asession (isit a dataset,
a spectrum, an image, a scalar constant etc). Items appearing in the "Variables' or "Outline" views,
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with a green dot beside to their left, can potentially be opened. A right mouse click on any of these
variables appearing in a DP session will provide a small menu of options alowing the user to "Open"
the variable or "Open With..." or "Delete" or get help on ("Help Selection") the variable chosen. As
previously noted in the "Variables" section.

Choosing "Open" alows opening with the first item in alist of available viewers for the selection.
But there can be more than one viewer. These are shown under "Open With...". One of the viewersis
chosen as the default for a double-click on the variable -- and thisis shown with a dot besideit.

An example is shown for Si npl el nage. A right-click on avariable of thistype in the "Variables'
window shows there are two viewers (see Figure 2.36). The Product viewer will show associated
metadata and array values while the second viewer displaystheimage (moreisprovided intheHowTo
on Display and Manipulation of Images).

As examples, viewers are available to show information on headers (metadata), and datasets
(numerical arrays), enable table plotting and exploration, show images and/or spectra.

2% viariables _o

Product Yiewer
% Sfandard Image Viewer

Figure 2.36. Available viewers are shown with aright-click.
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Chapter 3. HowTo Retrieve Data from
the Herschel Science Archive

3.1. Introduction

The Herschel Science Archive (HSA) isthe main repository for the observational data products from
Herschel. It is available via a web interface to the Herschel Science Centre, and directly from within
aHIPE session.

The following sections explain how to access data and bring it into a HIPE session.

If you have a problem, please consult the FAQ to see if your issue is covered there: Section 7.

3.2. Retrieving Data from the Herschel
Science Archive User Interface

Data can be accessed directly from the HSA using the Herschel Science Archive User Interface (HUI,;
see Figure 3.1)

Herschel Science Archive 1.6

File Find Field Interop Help

| Latest Results | Shopping Basket | Login/Register

Not Logged In [

HERSCHEL

| Query Specification |
Execute Query | View/ Edit SOL

‘ [son critenia][observation start Time |v| [son oraer|[ascending |v‘ ‘

[otservation D] | | [Fite with bservarion 1 List_|| | _Locate Fie |
i) | [ | [ |

[¥] Standard Data
Al [HA] None ||| _an |[pacs] None || _an None ||| il [[sPIRE PACS] None |

Single Point |=||| |Pacs Photomete|=| Photometer = Parallel Mode |=|
Mapping Range Spectros Spectrametar
Spectral 5can Line spectrosc{_|

[ i ]

Figure 3.1. The Herschel Science Archiveinterface.

[
q]
<]

There are to ways of retrieving data from the HUI:
1. Directly downloading data items one by one
2. Viaa Shopping Basket filled in with a number of observations

Both methods allow the same retrieval options:
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» Auxiliary to retrieve only auxiliary files (pointing product, event logs, etc...)

* Calibration to retrieve only calibration files

» Level Otoretrieve only level O products

» Level 0.5toretrieve only level 0.5 products

» Level 1toretrieve only level 1 products

» Level 2toretrieve only level 2 products

» ALL to retrieve the whole "Observation Context" which includes all the files listed above

* MULTIPLE can be used to combine any of the above optionsin asingle retrieval request

The option ALL should be selected for running pipeline scripts.

In order to retrieve data from the HSA you have to be aregistered Herschel user. To register with the

Herschel system please go to Herschel Archive Registration and follow the appropriate instructions.
Thisregistration page is a so accessible through the Login/Register page of the HUI (Register as New

User) Figure 3.2).

Herschel Science Archive 1.8

Herschel Science Archive

| | | | Logout DRIZZ0 On-demand Monitor |
User: DRIZZO | 1dle \

| Login, Registration & Account Maintenance |

If you already have an account you can login

In case of questions or problems please contact hitp://herschel.esacesaint/esupport/

‘ User Mame ‘ | |

‘ Passward ‘ | |

Login & proceed | Login & stay here |

Otherwise you can...

Register As New User

Once logged-in you can...

View,/ Edit Current User's Details ‘

Or you can...

Change Your Password
Clear | Dismiss

Figure 3.2. Login/registration in the HSA.

Y ou do not need to register if you intend solely to browse the content of the archive. Registration is,
however, a precondition to retrieve data from the HSA.

Only authorised users can access data covered by proprietary rights. The same rule applies to the
viewable quick-look products of observations, as well as to proposal-related files. They can only be
viewed by the observation owner, provided he or she haslogged in with his'her registration identifier.

After executing aquery in HUI, you are automatically moved to the Latest Result page (see Figure 3.3)
which contains the list of observations matching the query.
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3.2.1.

3.2.2.

s i Herschel Science Archive 1.8,
File Find Field Interop Help
Herschel Science Archivé o b
Query specification | | snopping Basket |  Login/Register |  Logout DRIZZO | on-demand Monitor |
User: DRIZZO I I 1dle |
| Move Al to Basker | mark an_| Refresh List_|
Dbservation Info
= Instrument Info
| Observations 914, Shown: 1st and each until and including 25th ‘ ED ||Proposal Info
pooe I~
=
1342177770 Carinad-nap-N fake 0.0 0.0 21 I
O _Send to Bxternal Application | | 5006 05_03 16:28:39.0 20090603 17:18:09.0 2970.0 sec cophi Fi B
Retrieve [ ||HIFI Hi FiHappingHodeDBSRaster
Proprietary data 2009-11-15
1342177777 Saturn 0.0 0.0 21
O _send 1o Bxternal Appication | | 3005.05-03 19:32: 36.0 2000-06-03 20:12:58.0 2423.0 Sec cophi i
Retrieve |~ ||HIFI Hi1MappinoMadeDBsRaster
Proprietary data 2009-11-15
1342177779 (WZ-North-1 fake 0.0 0.0 21
O _Send 1o Ectemal Application | | oe5_06-03 20:32:39.0 2009-06-03 20:56:57.0 1458.0 sec caphi £
Retrieve [~ ||HIFI Hi i SScankodel nadChopoRe
Proprietary data 2009-11-15
[ 1 =
| \ Next End of List

Figure 3.3. Result of query of the HSA

Direct data download

A direct download button (Retrieve) is available on this page next to each observation record. This
button activates an FTP session, downloading a tar file with the data products corresponding to that

observation.

The usage of this button is only recommended for individual observations.

Retrieving data through the shopping basket

With this method the records of several observations can be transferred into a Shopping Basket. This
method is envisaged for mulit-observation requests. Once the shopping basket contains all the datasets
to be retrieved, these can be transferred to a secure FTP area.
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G Herschel Science Archive 1.8 g
File Find Field Interop Help
Herschel Science Archive
_Eurgpean Sgi
Query Specification | Latest Results | Login/Register | Logout HERSCHEL | 0n-demand Monitor |
User: HERSCHEL I I dle |
Shopping Basket
| | Observations Products ||AII |v‘ | Submit Request | Mark All_| Refresh |
Fare o]
| 3 Observations. Shown: 1st and each until and including 3rd
EIEN

1342177770 CarinaN-map-N fake 0.0 00 21
o 2009-06-03 16:28:39.0 2009-06-03 17:18:09.0 2970.0 Sec cophi fi

HIFT HifiMappingModeDBSRasTer

Proprietary data 2008-11-15

1342177777 saturn 0.0 0.0 21
m 2009-06-03 19:32:36.0 2009-06-03 20:12:59.0 2423.0 Sec caphi i

HIFI HifiMappingModelBSRaster

Proprietary data 2009-11-15

13421777798 CWZ-MNorth-1 fake 0.0 0.0 21
o 2000-06-03 20:32:30.0 2008-06-03 20:56:57.0 1458.0 Sec cophi fi

HIFI HifiSScanModeloadChophoReT

Proprietary data 2009-11-15

Figure 3.4. The shopping basket of datatoretrieve from the HSA

To select data for retrieval, click on the check box to the left of each record of the observations list,
and then click on Move selected to basket at the top of the panel. To see what is in your shopping
basket, click the Shopping basket button. The observations moved shall now have disappeared from
the Latest Results page and appeared in the Shopping Basket page.

To request all the observationsthat aquery produced click on the Move All to Basket button. Thiswill
move all the observations into the Shopping Basket and it will aso display the Shopping Basket page
so that the request can be done straight away.

The shopping basket contains the instantaneous list of all the observation records, whose data are
available for retrieval. Items can be del eted from the shopping basket by clicking on the check box to
the left of them and then clicking the Delete Selected button to the top right.

Once the shopping basket has been filled with all the data you intended to retrieve, you are asked to
finally confirm the choice, by submitting the data retrieval request. The generation of the dataset to
be retrieved is then started (see Figure 3.5).

Herschel Science Archive 1.8

terop

Herschel Science Archi

Query Specification ‘ Latest Results | Login/Register | Logout HERSCHEL On-demand Monitor |

User HERSCHEL [0 I Idle |

Confirmation of Request Page

Reguest Summary

| User ID | HERscHEL
| Quata Remaining | 100000.0 MBytes. from 2048.0
| Mumber of ltems | 3 Observations
| Estimated Total Product Size, Mb | 9458
Perform Estimation | ------------ Mot Yet Calculated - ------—-—--
- tar (one file) H
no tar files loose) i

Confirm | Abort

Figure 3.5. Dataretrieval request in the HSA

35



HowTo Retrieve Data from
the Herschel Science Archive

Thelast step promptsthe overlay of the Request summary panel. In this panel the number of requested
observations, the size of the dataset and the remaining quota are reported. Return back to the Query
specification or to the Latest Results page is possible in order to change the query or the shopping
basket selection, respectively. At the moment only the tar option is working. The request should be
confirmed with the button at the bottom of the panel and then arequest ID is shown. This means that
the generation of the dataset has started. An e-mail will be sent to the request originator as soon asthe
data are available on the FTP areafor retrieval.

The tar file with the data retrieved from the HSA contains FITS files ordered in a well-specified
(hierarchized) directory structure. Once the tar file is decompressed in a user directory, it can be
registered in HIPE as a pool (see the next section for details).

Warning

o If you use WinZip (and possibly other compression programs) to decompress your tar
files, your FITS files may be corrupted. For more information on how to solve this
problem, please see the section Corrupted FITSfile after unzipping in the User's Manual:
Section 10.4.3.2.

3.3. Accessing HSA Data within HIPE

3.3.1.

There are two methods to get HSA datainto HIPE:
1. Importing the HSA tar file into HIPE

2. Directly accessing the HUI from HIPE

Importing/exporting Herschel data to/from HIPE

Thetar file provided by the Herschel Science Archive (HSA) can be registered in HIPE asapool (see
Chapter 8 and the Advanced User's Manual for information on local stores and pools) using the view
Import Herschel data to HIPE. Select adirectory in which the files coming from HSA are placed (see
Figure 3.6). Pressing the button Show Contents all the observations included in that directory will be
shown. Select the ones you want to saveinto apool, select the pool and press Import. The observations
saved into the pool are referenced automatically in HIPE.
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v HIPE DG
File Edit Run Window Help
= 2 Q
22 variables x — 0 || 21 Import Herschel data to HIPE x ==
- Herschel Dir fhomefeverdugo /tmp/EVERDUGO 1178020 || Browse. .. |
@ ip Observations
@ mypool2
@ mystorage
@ sys
Show Contents
Select All
Invert Sel
Target Pool mypool2 (Variable) v|
Import
39 of 2032 MB L]

Figure 3.6. Product loading into HIPE from the HSA tar file.

This view providesthe following:

» A way to navigate and find the directories extracted from the HSA tar files.
» A way to select the pool.

» A way to scan the observations (inside the pool).

* A way to select multiple observations for a bulk import-export.

A button to generate a sequence of task execution requests. this also provides as a consequence,
logging, tracking and replayability.

In the same way, pools can be exported to the standard (hierarchical) directory structure by using the
Export Herschel Data From HIPE view. Select one observation from a pool and an output directory
in the view, and press Export (see Figure 3.7).
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v HIPE BEE
File Edit Eun Window Help

2% variables x _ 0 || &£ Export HIPE data to Herschel x\\-@ Import Herschel data to HIPE (=8
N7 Qrigin Pool mypool2 (Variable)

@ ip Observations

@ mypool2

@ mystorage

@ sys

Show Contents
Select All
Invert Sel

Herschel Dir |J"homefe\.@rdugoﬁest;f

1107 of 2{0Ergil L

Figure 3.7. Product export from HIPE into standard Herschel directory structure.

Note
@ These views make use of the tasksi npor t Uf Di r ToPal and export Pal ToUf Di r,
which are documented in the User's Reference Manual.

The XML file needed by these two tasksisincluded in the HSA tar file under adirectory
caled . exported/.

3.3.2. Direct HUI access from HIPE

This method provides afast way to visualise products without having to save them first.

To accessthe HUI from HIPE, simply click on the Herschel Science Archiveicon on the Data Access
page or select the Herschel Science Archive view via the Windows menu (see Figure 3.8).
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File Edit Run Window Help

HIPE - Herschel Interactive Processing Environment

(%1 Herschel Login =

Not logged in | Log aut

Fassword:

M Herschel Science Archive X

(<3

rAccess

Open H5A User Interface

rRetrieval

Load selected products ‘ | Cancel ‘

Mo data available yet

Bge
] Editor x =
w & console x % Hislurv\ﬂ Log \Qfg Variahles -

ho outline information available

LA

Figure 3.8. HI PE perspective for the HSA

Click on Open HSA User Interface to access data in the HSA. Note that if an HUI was opened
before starting HIPE, opening a new one is not needed as the Plastic connection will be established

automatically between them.

X

Warning

j ava

--version

If you get amessage about Java WebStart (j avaws) not being present, it probably means
you are using a 64-bit version of Java prior to 1.6 update 12 (1.6u12). To find out which
version of Javayou have installed, issue this command from aterminal window:

Java WebStart is a piece of software needed to fetch from the Internet the HSA
User Interface. You can obtain it either by switching to a 32-bit version of Java or
(recommended) by updating to Java 1.6ul2 or newer.

Query the HSA for the data to be retrieved and press the button Send to External Application next to
the observation records. Immediately the HIPE window will display amessage indicating that thereis
one product ready for retrieval (asin Figure 3.9). Many observations can be sent to HIPE which will
be accumulating the products ready to be retrieved.
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Figure 3.9. Retrieving observations from the HSA into a HI PE session.

Press Load selected products and the data will start to be loaded into HIPE (see Figure 3.10). During
the operation anindicator showsinthe HIPE display that loading istaking place and the system isbusy.
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Figure 3.10. Product loaded into HI PE from the HSA.

Note that in thisway the datais not stored on your machine, but it isreferenced for fetching as needed
within your working session. So this simply makes the data available in the HIPE session. Products
can be inspected, analysed, plotted, and so on. Note also that for this, the internet connection must be
kept open, since the products are being read from the HSA.

The products can be saved/stored into pools later on using the PAL Sorage Manager and Save
Products to Storage views (see Section 8.3).
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Chapter 4. HowTo Store and Access
Data

Herschel Editorial Board

4.1. Introduction

This HowTo chapter describes the means by which data can be accessed and stored and using the
HIPE interface. It should be noted that reading and writing of FITS datais held in a separate HowTo.

In order to access remote areas of data storage users must be on the internet. For access to data in
the HSA users must have an appropriate username and password. Full use of the HSA is discussed
inthe HowTo on Archive Access. Users of the HSA will be allowed access to their own data as well
as publicly available data within the HSA.

Users can store their datalocally in data product pools which can be accessed for reading through the
Data Access area of HIPE. This means that the user's stored data (processed or unprocessed) can also
be selectable by queries that can become quite sophisticated.

4.2. Creating and Saving Products in a Pool

Any product (an example being a complete observation in the form of an ObservationContext) can
be placed in a pool, or storage area, on the hard disk of the user. The setting up of various types of
storage is discussed in Chapter 12 of the "DP Basic User's Manua" available as part of the release
documentation. For this HowTo we will simply illustrate how to set up a set of stores (which act a
bit like mini databases) in which a user can place any output data that is in the form of a product,
such as an observation.

A pool can be set up and populated in the following fashion via the command line.

store = ProductStorage() # -"store" is the name (handle) we will use
# in our session to place things
myPool = Local StoreFactory. get Store("nyTestPool") # -"nmyTestPool" is actually

# the directory name where the store will be
store. register(nmyPool) # now link it/register it under the name of store
store. save(prodl) # -....and now we nerrily add our products called
store. save(prod2) # -...."prodl", -"prod2" and -"prod3" into the store
store. save(prod3) #

Note that if you start a new HIPE session you will need to register your pool again via something
similar to the first three lines.

The directory on your disk where the data physically residesin the directory ".hcss/Istore" which you
will find under your login directory. Y ou will seethat theinformation isactually held asahierarchical

set of FITSfilesthat can be treated like a database, alowing usto query and search for datain similar
ways to other databases.

4.3. Registering and accessing other data
stores

Itis possibleto register other stores that can then be searched from the data access view, but they first
have to be registered in the system (you need to tell the system where they are, in effect). For data
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stores el sewhere on your machine other than the default area this can be done by using the following
lines of code which can be entered at the command line.

#i mport Configuration conmponents into the environment

from herschel . share. util inport Configuration

# get a local store (or create a new one if not already existing) with

# an id of -"test". The Configuration conmand changes the directory

# where the store is

Configuration. setProperty(' hcss.ia.pal.pool.lstore.dir', -"C\\.hcss\\nyData')
dat ast ore=Local St oreFactory. getStore("test")

mySt or e=Product Storage() # tell the systemit is a store of products

nmyStore. register(datastore) # register it

# -"nmyStore" is now one of the selectable data stores on the Data Access nenu
mySt ore. save(" myProduct™)

# will save a Product in the DP session called -"nmyProduct” in the storage area

Note
@ The process of registering/adding pools that the user can use in a session is expected to
be made into asimplified tool in the future.

4.4. Data access via the HIPE GUI

4.4.1.

4.4.2.

Other than interactions with the Herschel Science Archive (which are discussed in another HowTo),
access to data is via the Data Access view. The Data Access view is available via two routes within
HIPE. Thefirst isviathe data accessicon on the Wel come page of HIPE (see Section 2.5. The second
route isviathe "Windows" pulldown on the HIPE menu. Go to "Show View" and pull down to "Data
Access'. This brings up the page shown in Section 2.8.3 described in the introductory section of the
HowTo documentation.

Types of Stored Data

All data is stored in the form of Product s. These products are kept as FITS files on the local
computer system, but are organised into pools of Products/FITS files. This allows querying on
the contents of the Pr oduct s (e.g., the metadata or header information). The Pr oduct wraps
information such asimages, spectraor tables of datainto a storable component. An exampleisasingle
Herschel observation (which actually has several products wrapped up into one).

When the user obtains data from the Data Access view it enters the DP session as a Pr oduct and
an overview can be obtained using the "Product Viewer" viaaright-click on the name of the product
in the session (see information on viewers in the HIPE overview chapter). Datasets such as tables or
spectra contained inside the products can be accessed and viewed using Dataset or Spectrum Viewers
as described later in thisHowTo.

Using the Data Access View

When selecting the Data Access view the user will have certain "pools’ of dataavailable. These allow
access to data stored in registered data storage areas (basically areas accessible to the user on his/her
own computer or viathe internet to another computer). Storing data in user-named poolsis described
in Section 4.3. All pools currently need to be explicitly "registered” to tell the system where to look.

4.4.2.1. Using the Data Access View to Query for Products

There are several ways of searching through your stores of datato get the products you want. Y ou can
search for complete observations -- such as those you are Pl on which exist in the Herschel Science
Archive -- attriibutes or metadata values, or you can go into data mining which involves searches
based on the data itself.

For all cases, setup of the data query can be done based on observation data, the attributes of data,
meta data or al data (data mining). Once the query of the data store has been set up the search can
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be done by clicking the Search button to the bottom right of the Data Access view. If the user wishes
to access all available data in a data storage then this can be obtained by placing nothing in any of
the input boxes of the query.

When the search button is clicked the equivalent command-line version of the request appearsin the

Console view (see Section 2.8.2). This can be saved and edited and used in batch mode processing.
This helps to avoid syntax errors by the user in setting up queries on data stores.

Doing a Search

In order to do a search the user needs to do the following.

* Openthe"Data Access' view.

» Select an available pool from the pull-down menu at the top of the view next to theword "Query". If
none are available (greyed-out) then you need to first register apool for access (see earlier sections
of this chapter).

« After inserting an appropriate query, click on the "Accept" button to bottom right of the view. Note

that if nothing is placed in the query then the total contents of the pool will be obtained. Thisisa
good way to see the total contents of apool.

Search by Observation
In this case we are dealing with high-level information. The datais part of certain proposal or uses a
particular instrument on a particular day. Clicking on the "Observation” tab in the Data Access view

allows searches at thislevel based on instrument, proposal 1D, proposal name, observation ID (unique
observation numbers or operational day (See Figure 4.1).

-+, Data Access X ° -0

CILER: ‘stnrm "'|

r DOhservation rAﬁributes r Meta Data |/ Data Mining

Target

Propasal ID

Froposal Title

Instrument

Operational Da\,r|

Observation D |

[C1 &ll Wersions <" Gearch

Figure4.1. HIPE storeselection and panel for searching by information on stored observation information
in a product.

Search by Attributes

The attributes of a set of data are standard to all (See Figure 4.2) and it is possible to do a search on
valuesin this given set of attributes -- which are listed in the query interface.
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QUery: |storage -

herschel hifi.pipeline.product HifiTimelineProduct -

r Cthsenation |/ Aftributes |/ Meta Data |/ Drata Mining
Creator  |HifiPipeline

Instrurnent |HIFI

|
|
Type | |
Model Narme | |

-Creation Date

Fru:um| |

T|:|| |

-Applicable Date

Fru:um| |

T|:|| |

Figure 4.2. Attributes available for search.
Search by Meta Data

Meta data (like FITS header data) is data more specific to a given observation (See Figure 4.3).

L, 1

GUer: |storage -

herschel hifi.pipeline. product HifiTimelineProduct b

rDbsewatiun |/ Aftributes |/ heta Data |/ Crata Mining

ihey, it is a prototype)

Figure 4.3. M etadata sear ch.
Search by Data Mining

For data mining it possible to search on specific information contained within the science data itself
rather than the meta data. YET TO BE IMPLEMENTED (See Figure 4.4).
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LUBNY. | storage b

herschel hifi.pipeline. product HifiTimelineProduct -

r Chservation |/ Attributes |/ heta Data |/ Crata Mining

they, itis a prototype)

Figure4.4. Sear ch via data mining.

4.4.2.2. Output from a Query and Searching a Query Result

The output from the first query produces a result "QUERY_RESULT". This will be a group of
products (e.g., observations) which can then be looked at by the user. The"QUERY _RESULT" name
ishighlighted inthe Variables view (where the name can al so be edited to something more appropriate
if desired). Thisresult is also automatically fed back to the Data Access pulldown menu, allowing for
a search to be made on the result of theinitial search.

The query output can be viewed by double-clicking on the result variable, e.g. "QUERY_RESULT"
in the Variables view. This brings up the query results viewer in the Editor view part of HIPE. This
lists the selected items. It also makes the outline available in the "Outling" view.

Clicking on one of the results shown in the query viewer extracts the chosen result (for example, the
first product in the list is then available as "prod_0" in the session). Clicking on the name of this
extracted product when it appears in the "Variables" view allows further assessment of its contents
and viewing of any datasetsit contains.

4.4.2.3. An Example of Search to Display of Data

In this case, we have partialy processed some HIFI data to level 1, which has the format of a
HifiTimelineProduct, and stored several versions of this processing in a store given the handle under
the HCSS of "storel". This appears under the Data Access view pulldown menu as a selectable store
item. The following now leads to displaying some data that has been extracted from our data store.
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L Data Access X ' =
|

Gueny: ||stc|re1

|/ Ohservation |/ Aftributes |/ hleta Data r Data Mining

Target |
Proposal 1D |

Froposal Title |

Instrument |HIFI

Operational Dayr|

Ohserdation 1D |

[[] Al Yersions

=" Search

Figure4.5. Set up of aquery for data out of our store.

o

-, Data Access H\

Cluery: CLERY _RESLLT1 s
r Chsemnation r Attribites |/ heta Data |/ Data Mining

Target | |
Proposal ID | |
Proposal Title | |
Instrurment ||-|||:| |
Operational Daﬁ_.r| |
Observation 1D | |
] All Versions < Bearch

Figure 4.6. Query result obtained.
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' Editor X =)

[® new-t (P hifihsap. cachedpy ' || oUERY_RESULT "1t proo_apdatasert | | QUERY_RESULT1 x

Resultz 0-50f 5 Resuls per page: |25 ¥

&80T Band fterm CBS-patch OBS-revision QBS-version Pipelineg applied spid authar backend channeks (=
] 3h 3 1 5 122 1030 f{marston WBS-H 5192 2005-03
n 3h 3 1 ] 122 1030 fAmarston  WAWES-H 5192 2005-073
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| D

Figure4.7. List of query resultsappear in editor window.

0= Outline X °

name prod_3
class Datasetrapper
package herzchel hifi. pipeline product
= prod 3
- (= Datasets
L @ detaset

Figure4.8. One of theitemsis selected with outline of contents shown bottom left.

] Editor X (=8
[# ew1 " tifihsap. cacnedpy || GUERY_RESULT "t prod 3ostaset’) ", [ GUERY_RESULTI | & prod_a["dataset’] X
name valug unit description

type herschelia dataset Product] HifiSpectru Product Type ldentification

crestor HifiPipeline Generator of this product

crestionDate 2005-07-29T16.19:462 Creation date of this product

dezcription Lnknown Mame of this product

instrument HIFI Instrument attached to this product

modelMame ILT_FM_144 Model natme attached to this product

stariDate 2007 -06-22T08 40562 =tart dste of this product

endDate 2007 -06-22T08 40562 End date of this product

apid 1030 Apicl

obsid 268513334 Obzervation id

backend WES-H Spectrograph: WES or HRS

channels §192 Mumber of Channels

subbandstart_1 36 Starting channel for subband 1

subbandstart_2 2084 Starting channel for subband 2

subbandstart_3 4132 Starting channel for subband 3

subbandstart_4 130 Starting channel for subband 4

subbandlencth_1 1976 Length of subband 1

subbandlencgth_2 1976 Length of subband 2

subbandlength_3 1976 Length of subband 3 =

Figure 4.9. Metadata (header) display for the extracted spectrum.
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Figure4.10. Displaying the extracted spectrum. Notethat the view hasbeen expanded using the capabilities
of the" Spectrum Explorer" viewer.

1. We now intend to search for all HifiTimelineProducts (see second pulldown menu on the screen)
with instrument=HIFI within this store by searching on these attributes. The setup should look like
the screen shown in Figure 4.5.

2. Once this has been setup we click the "Search” button and the appropriate results are extracted
and placed in a query result (see Figure 4.6). A highlighted "QUERY _RESULT1" (the number
automatically placed at the end will increase depending on the number of queriesyou make) appears
and the data access store available for querying -- at the top of the Data Accessview -- immediately
changesto QUERY _RESULT1 ready for further searching on theinitial query results.

3. Select the query result in the Variable view (QUERY _RESULT1) via a double mouseclick. This
provides a Query result viewer showing alisting in the Editor view of the query results items (see

Figure 4.7).

4. Double-clicking on one of the results shown in the editor view creates the item (product) in the
session. It allowsusto pull out one of the selected products (e.g., "prod_3" for item number 3inthe
guery viewer) which can be manipulated in standard ways. For example, if we click on this product
in the Variables view we get an outline of its contents in the Outline view (asin Figure 4.8).

5. We seethat it shows asingle folder in the Outline view. Clicking on the first folder, it opensup to
show its contents which include a single dataset (asin Figure 4.8).

6. A right-click on the word "dataset" in the Outline view provides a set of viewer options. The
Dataset viewer will show the associated metadata (header) information plusatable of variousvalues
associated with the spectrum, include flux/count values per channel (asin Figure 4.9).

7. Alternately, we can simply view the extracted spectrum dataset by selecting the "Spectrum
Explorer" viewer instead (see Figure 4.10 and HowTo on displaying spectra).

4.5. Data Access via the Console View
Command Line

Within the Console View (see Section 2.8.2) it is also possible to access data directly from the
command line. The commands for doing this are actually generated in the Console view when using
the dial og interactions noted above.
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In the following we show how the information can be extracted into "newVariablel" (as per above
example) which is then ready for display, fitting etc.

1. First we do a query on attributes in our data store, which was labeled "storage”, looking for
HifiTimelineProducts and instrument=HIFI. The following should al be on oneline and the easiest
way to get it iswhen it is copied to the Console view when using the Data Access view as noted
above.

QUERY_RESULT1 = StorageResult( storel,
\

herschel . i a. pal . query. Met aQuery(herschel . hi fi. pi peline. product. Dat aset W apper,
\"p", -"(p.meta.contai nsKey(\"instrument\")
\ and p.neta[\"instrunent\"].value == \"H FI\")") -)

We can always print to the screen the contents using

print QUERY_RESULT1

Queries on the observation or meta data windows are MetaQuery's rather than AttribQuery's.

2. Now we extract the third in the list of results found.

prod_3 = QUERY_RESULTL[ 2] . product

Again, we can use the print command to see its contents. Which is actually several products (in
this case 5).

3. Get the dataset out of the product.

data_3 = prod_3["dataset"]

The Outline view of data_3 will show it is of the form WhsSpectrumDataset and that it isa HIFI
pipeline product.

A full explanation of how to handle displays and manipul ations (arithmetic and fitting) of spectrum
(and image) datasets are covered in other HowTos.

When accessing Query results from the command line, it is harder to know which U RN in the list
of references is the one we require. To aid us choose the correct one, we can sort the Query result by
metadata. For example, to sort by creation time and put the reference to the oldest product first:

Met aConpar at or . sort (QUERY_RESULT1, ["creationDate"])

4.6. Interoperating with the Virtual
Observatory

The Virtual Observatory is a community-based initiative. A number of national and international
projects are organized in the International Virtual Observatory Alliance, whose mission it is to
"facilitate the international coordination and collaboration necessary for the development and
deployment of the tools, systems and organizational structures necessary to enable the international
utilization of astronomical archives as an integrated and interoperating virtual observatory”. This
initiative has led to the definition and implementation of technologies on different topics: Integration
of applications (such as HIPE and spectral analysis tools), integration of general data analysis tools
and archives of different missions, and more.

The most relevant technology at this point is the integration of applications. In practical terms, the
integration means being able to view and manipulate data in one application, send it to another
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application with the click of a button, view and manipulate the data there, and send it back to the
original application. The technology currently used for this interaction is Plastic, to be replaced in
2009 by SAMP. Plastic and SAMP are very similar, but Plastic was intended as a prototype and SAMP
consolidates the protocol, resolving various minor issues.

Plastic and SAMP work using a so-called message hub: Anindependent, very light-weight application
(the hub) is started on the user's desktop and all applications interested in communicating register
on the hub. The communication works by sending a message to the hub, which will deliver it to the
intended target application (broadcasting to all applicationsisalso an option). The message can contain
the data that is sent, but generally the datawill be written to atemporary file, and the message is used
to pass the location of the temporary file, plus additional information, such as the units of the data.

All ESA archives are VO-aware aready, but access to VO-aware archivesin HIPE is not available
yet, it is planned for the future. Aladin provides an interface already to many data sources (such as
the ESA archives). So it is possible to access the ESA archives by retrieving the data using Aladin
and sending it to HIPE from there.

4.6.1. Getting practical: Sending products to other
applications from HIPE

The HIPE main window providesamenuintheFi | e menucalled | nt er op. Inthismenu, currently
options are available to register with a Plastic hub (a hub will be started automatically if none is
found to be running already), unregister from the hub and the possibility to send products to other
applications.

To send a product from HIPE to another application, e.g. VOSpec, launch the other application. The
button "External Tools" on the HIPE Welcome page lists a number of VO applications, and provides

buttons to launch the applications (among these are Aladin and VOSpec). In HIPE, choose File -
Interop — Register with Plastic to connect to the Plastic hub.

Note
@ If the above command givesan error, you have found abug inthe software. Pleasereport it.

The File - Interop — Send Product To menu will now be filled with al applications that have
registered with the hub. Normally this will already include the other application we just launched,
because many applications connect to Plastic at start-up. If the other application is not listed in the
Send Product To menu, make sure the application is registered with Plastic.

To send a product, select the product, for example by selecting its corresponding variable in the

Variables View. Then smply choose the desired application from the File - Interop — Send Product
To menu, and the product should appear in the chosen application. Note that this can only be done
if there is an overlap between the VO interfaces supported by HIPE and the other application. If the
applications have no supported interface in common, no data can be exchanged. Thisisindicated by
the external application appearing in grey in the Send Product To menu.

Note that only sending of data is supported. To receive the product back into HIPE, it must be sent
from the other application. Refer to the documentation of that application to find out how thisis done.
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Chapter 5. Running the HIFI pipeline

TheHIFI pipelineisused for processing datareceived from one or more of thefour HIFI spectrometers
on-board Herschel into afinal product that is suitable for interactive analysis.

Data obtained from the Herschel Space Archive has been processed with the HIFI pipeline within the
Standard Product Generator (SPG) of the Herschel Science Centre, and is available as Leve 0, 0.5,
1 and 2 products. If you desire, it is possible to reprocess data to (and from) any level within HIPE
using the hifiPipeline Task. It is designed to: obtain data from alocal store of data (or a database, if
you have access to the | CC databases); remove instrument-related properties of the data; calibrate the
resulting spectra; and, then combine the separate spectrafrom a single observation. The final product
is dependent upon the observation mode and is either a calibrated spectrum, a set of co-added spectra
or spectral 3D cubes.

For more information about the pipeline steps and their results, please read the HIFI Standard Product
Specification Document, or the HIFI Pipeline Specification document.

5.1. Running the Pipeline

We can run the HIFI pipeline within HIPE in the following fashion.

1. « Click once on an Observation Context in the Variables pane and the "hifiPipeline" Task will
appear inthe"Applicable Tasks" folder, double click onit to open the Task dialoguein the Editor
view.

» Alternatively, open the "hifiPipeline" Task by double-clicking on it under the Hifi Category in
the Tasks view.

» A "Hifi Pipeline" View is also available from the HIPE Window menu (under Show View) but
itisnot fully implemented yet.
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Running the HIFI pipeline
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Select "hifiPipeline” from the Windows menus or the Task view. If
aHIFI observation context has been selected in the Variables view
then the "hifiPipeline task" appears in the " Applicable Tasks' folder.

Figure5.1. Starting the HIFI pipelinetask

2. The default (or basic) dialogue alows you to re-process an already existing observation context,
e.g. from the Herschel Science Archive, through the pipeline.

» Theway the dataisto be reprocessed is defined in the Input section:

a. If the hifiPipeline Task was opened from the "Applicable Tasks" folder then the Observation
Context selected inthe Variables View will automatically be loaded into the Task dialogue, and
you will see its name by the observation context bullet, which will be green. Alternatively, drag
the name of the observation context to be reprocessed from the Variablesview to the observation
context bullet.

b. Select the spectrometers you wish to process data for by checking the desired instrument(s) and
polarisation(s). Both H and V polarisations of both the Wide Band Spectrometer (WBS) and
High Resolution Spectrometer (HRS) are checked by default.

c. Select whichlevel to (re)processto (0, 0.5, 1, or all levels) by checking the appropriate box. The
default set-up will pipeline datathrough all levels.

d. If you have permission to accessthe HIFI |CC databases (only read accessis possible), you can
process data by typing in an obsid and database name. Note that when using the ICC database
calibration information is required in order to process data through the pipeline. Y ou can access
this information through the Versant databases at the HIFI ICC or install the hi fi - cal
database locally on your machine. See 722 for details.
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* In the Output section, choose the name of the observation context that will be produced or

e

use the HIPE default, obsQut . The observation context contains all the products generated
by the pipeline task and is stored in a "hifi-pipeline” Istore (~/.hcss/Istore/hifi-pipeling). (The
variable obs isaso produced in order that the pipeline can be re-run without the need to reset
10 parameters.)

Click on "accept" to run the pipeline. The status ("running" if al iswell, error messagesif not)
and the progress of the pipeline are given in the Info section at the bottom of the Task dialogue.

HIPE
File Edit Run Window Help
o mi TR @ s B
) Editor % = 22 variabl.. x _ o &% Tasks % am
# Getlewel0. ontext.py | @ hifiPipeline X - |12
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rinput ®ip hifiPineline
axpert @ MyData @ IevellP?peI?ne
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Instrurments: ¢l HR5-H (¥l HRS-Y vl WBS-H  [¢] whs-v @ oy @ simpleFitswriter
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Datahase \ \
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uptoLeveld_5 O
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reprocessAllLevels O
rOutput
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unknowr -
status B
-
progress 0% |
Clear Accer&tj
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text 07 ). product -
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S00f 1472 MB .

In this example, an aready processed observation, ‘MyDatd, is being
reprocessed up to Level 1, both polarisations of both spectrometers are included.

Figure5.2. HIFI pipelinetask: default view

3. By clicking on the "expert" button, you may additionally control more detailed aspects of the
pipeline set-up. The following items are available to experts only and are generally expected to be
used only by HIFI calibration scientists.

If you wish to use your hifi-cal Istore, set this up as usua in myconfig and leave the "hifi cal"
box blank.

Write out comments on the quality of data and processing steps by checking the "quality" box.
To set the mode of the observation, typeit into the "obsMode" box (required for ILT data).
To use a self-defined pal Store, drag its name in from the Variable view.

Define the test environment by typing in the tmVersion (e.g., ilt-fm)
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» Set the execMode

a It must be"INTERACTIVE" in order that the resulting Observation Context be stored in your

pal Store.

b. "SYSTEMATIC" will update the Observation Context and save it to memory rather than the

store.

c. "ON-DEMAND" and "TEST" are used within the SPG environment

» Check the "cache" box to clear the cache store.

* Read in from file your own version of pipeline algorithms.

Toggle back to the default dialogue by clicking on the "basic" button.

HIPE
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Expert users could set up the pipeline from this view.

Figure5.3. HIFI pipelinetask: expert view

5.2. Using the HIFI Pipeline task

Below are several examples showing how to use the HIFI pipeline task.

The hifiPipeline task is called into the session by:

from herschel . hifi.pipeline.PipelineTask inport *

52 of 1472 MB .
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1. Run the pipeline and generate an observation context (‘obs) from scratch (Figure 5.4):

obs = pipelineTask(obsi d=268435583, db="dsl@ccdb.sron.rug.nl 0
READ")

If you do not specify the database with db="". . . " then the default (var.database.devel) set in the
user's properties will be used.

[ Titenictive Processing EADIONMENt

File Edit Run Window Help

Rl R I ‘Lep®EQ
# Editor X [(=ml 22 variables % == o Tasks X [=3]
@ PipelineTestpy x - || A
% Applicable
from herschel.hifi.pipeline.PipelineTask import * =Yoo | [ By Category
# HIFI User Manual, Pipeline task, e.g. 1 OB
P obs=pipelineTask(obsid=268435583, db="dsl@iccdb.sron.rug.nl 0 READ")

# HIFI User Manual, Pipeline task, e.g. 2

obs = pipelineTask(obs=None, obsid=268516902, gui=1) -
[T e D
El console x =

created level 0 successfully ; Wed Mar 04 15:24:26 EST 2009

start running level 0 to level 0.5 processing for [WBS-H, WBS-V, Quality_level0]
setting gui=1 you can check 1its progress

start running whsPipelineTask for apid 'WBS-H'

completed wbsPipelineTask 'WBS-H'

start running wbsPipelineTask for apid 'WBS-V'

completed wbsPipelineTask 'WBS-V'

level0_5 stored into [hifi-pipeline, hifi-cal] ; Wed Mar 04 15:24:55 EST 2009
as pipelineTask.obsMode = None, obs.obsMode is copied from the level 0!
ptask.obsMode == None obs.obsMode is copied from 1evelO_5.htp.obsMode!

start running levellPipelineTask for apid 'WBS-H'

completed levellPipelineTask 'WBS-H'

start running levellPipelineTask for apid 'WBS-V'

completed levellPipelineTask 'WBS-V'

Tevell stored into [hifi-pipeline, hifi-cal]l ; Wed Mar 04 15:25:17 EST 2009
start running level2PipelineTask for apid 'WBS-H'

Tast step at generic pipeline: Do Avg, if applicable

do average completed (if applicable)

completed Tevel2PipelineTask 'WBS-H'

start running level2PipelineTask for apid 'WBS-V'

Tast step at generic pipeline: Do Avg, if applicable

do average completed (if applicable)

completed Tevel2PipelineTask 'WBS-V'

Tevel2 stored into [hifi-pipeline, hifi-cal] ; Wed Mar 04 15:25:20 EST 2009
HIFI Pipeline task finished!

HIPE>
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Eg 1. Running the HIFI pipeline task
Figure5.4. Running the HIFI pipelinetask
2. Tore-use the pipeline task, ensure that all the 10 parameters are reset by setting obs=None

obs = pi pel i neTask( obs=None, obsi d=268435583,
db="dsl1@ ccdb. sron.rug.nl 0 READ', gui=1)

Y ou can use a GUI to show a progress bar (test only with no clear information, at the moment).
3. For ILT data, provide the obsMode name - the dataitself does not haveit:

obs = pi pel i neTask( obs=None, obsi d=268516902,
db="ilt_fmb5 prop@ccdbl. sron.rug.nl 0 READ',
obsMode="Hi f i Poi nt ModeLoadChop")

4. RedefinethetmVersion if the selected database requires a different mission phase than the default
in your binstruct property hcss. bi nstruct. m b. pal . t m versi on_map (hifi default =
"ilt-fnf):
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obs = pi pel i neTask( obs=None, obsi d=268439922,
db="ilt_par_5 prop@ ccdb. sron. rug. nl 0 READ', tnWersion="ilt-

par™)

5. The pipeline task automatically processes data from all four spectrometers. Y ou can select an apid
for processing to Level 1 (for now, processing to Level 0 aways includes all available apids):

obs = pi pel i neTask( obs=None, obsi d=268516902,
api ds=[ "1030"], db="ilt_fmb5 prop@ ccdbl. sron.rug.nl 0 READ',
obsMode="Hi f i Poi nt ModeLoadChop")
6. The pipeline can be re-run in various ways:
a. Re-run the pipeline, assuming Level O isavailable:
pi pel i neTask( obs=obs)
b. Re-run for Level 0 too. (Note that al calibration and other products are not replaced):
pi pel i neTask(obs=0obs, reprocessAll Level s=1)

c. Or just re-generate Level O:

obs = pi pel i neTask(obsi d=268516902,
obsMode="Hi f i Poi nt ModeLoadChop", uptoLevel 0=1)

d. You can then use this to process from Level O up to Level 0.5:
obs = pi pel i neTask( obs=obs, uptoLevel 0_5=1)
7. You can edit the algorithm of the pipeline tasks:
obs = pi pel i neTask( obs=None, obsi d=268435583,
db="ds1@ ccdb. sron. rug. nl 0 READ' , wbsAl go=nyWsAl go,
hr sAl go=nyHr sAl go, generi cAl go=nyGeneri cAl go)
The algorithms can be found in:
WBS: {build_root} /lib/herschel/hifi/pipeline/wbs/WhbsPipelineAlgo.py
HRS: {build_root} /lib/herschel/hifi/pipeline/hrs/HrsPipelineAlgo.py
Generic: {build_root}/lib/herschel/hifi/pipeline/generic/GenericPipelineAlgo.py

8. And provide your own pal Store to which the pipeline will write to:

obs = pi pel i neTask( obs=None, obsi d=268435583,
db="dsl1@ ccdb. sron.rug.nl 0 READ', pal Store = nyStore)

9. Clear CachedStoreHandler to avoid ablock due to none closed stores. Note, thiscloses ALL stores
available in this cache and may affect other applications running in the session.

obs = pi pel i neTask( obs=None, obsi d=268435583,
db="ds1@ ccdb. sron. rug. nl 0 READ", upt oLevel 0=1,
cl ear CachedSt or eHandl er =1)

10.Findly, if pipeline task is not behaving as you expect you could try areset:

pi pel i neTask = Pi pelineTask()
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5.3. Running the Individual Pipelines using
the HIFI pipeline task

The HIFI pipeline task can be easily used to (re)process an observation context up to levels 0, 0.5, 1
and 2 usingtheupt oLevel . .. check boxesinthe HIFI pipeline task (see Figure 5.2). However, it
is also possible to run each component of the pipelineindividually: the HRS and WBS pipeline Tasks
can be run to remove instrumental effects (up to Level 0.5), and the Generic pipeline Task can then
be used to intensity calibrate the data (up to aLevel 1 or 2 product).

These pipeline tasks, which are intended for more expert users, are run and set-up in the GUI in much
the same way as the HIFI pipeline task. Some points to note:

e Theindividua pipelinetasks can handle both Observation Contexts (ObsContext) and HifiTimeline
Products (HTPs), while the HIFI pipeline can handle only Observation Contexts. An Observation
Context contains all levels of data, calibration, auxilliary and quality products but an HTP contains
only adata set (and meta data). Therefore, processing an HTP is much faster.

» HTPin givesHTP out, ObsContext in gives ObsContext out.

» Spectrometers are identified by apid number 1028 (HRS-H), 1029 (HRS-V), 1030 (WBS-H), or
1031 (HRS-V). Datais processed for only one spectrometer at atime.

* Notethat, unlike the hrs- and whsPipeline Tasks (see Figure below), the genericPipeline Task does
not allow to access an observation from a database. Instead an HTP resulting from one of the back-
end pipelines or aLevel 0.5 Observation Context from the HSA should be passed to it.

In addition, you can (re)process a level 0.5 (1) product up to a level 1 (2) product using the
level 1Pipeline (level 2Pipeline) task. The GUI interface is exactly the same for these pipeline tasks as
for the genericPipeline task.

58



Running the HIFI pipeline
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Figure 5.5. Running the wbsPipeline task
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5.4. Running the Individual Pipeline Tasks

In addition to using the HIFI pipeline task, one can run the underlying pipeline tasks to, for example:

1. Pass an observation context (from running the HIFI pipeline task) to the WBS pipeline task to re-

run up to Level 0.5 for only one apid

from herschel . hifi.pipeline.ws.WsPi pel i neTask i nport

newobs=wbsPi pel i neTask( obs=obs,

2. and then pass that to the Generic pipeline task

api d=1030)

*

from herschel . hifi.pipeline.generic.CGenericPipelineTask inport *

newobs2=generi cPi pel i neTask( obs=newobs,

api d=1030)

3. Process a HifiTimelineProduct using your own HrsPipelineAlgo

from herschel . hifi.pipeline.hrs.HrsPipelineTask inmport

newht p=hr sPi pel i neTask( ht p=ht p,

al go=myHr sAl go)

4. Load dataframes and housekeeping (create an Hifi TimelineProduct)

*
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ht p = wbsPi pel i neTask( obsi d=268516902,
db="ilt_fmb5 prop@ccdbl.sron.rug.nl 0 READ")

Asthese examplesillustrate, both ObservationContexts ("obs") and Hifi TimelineProducts ("htp") can
be passed to these tasks. The parameters used in the Section 5.2 above can also be applied to these
tasks.

5.5. Running the Pipeline step by step

Another way to run the pipeline is step-by-step using the three pipeline branches separately. Thisis
the simplest way to view or modify the pipeline steps, which are contained in the following scripts:

The WBS pipdine is found in $HCSS DI R/ 1i b/ herschel / hifi/pipeline/ ws/
VWbsPi pel i ne. py

The HRS pipeline is found in $HCSS DI R/ 1i b/ herschel / hifi/pipelinelhrs/
Hr sPi pel i ne. py

The Generic (or AOT) pipeline is found in $HCSS_DI R/ | i b/ her schel / hi fi/ pi pel i ne/
generi c/ Generi cPi pel i ne. py

Asan example, take (again) the simulated WBS-H (apid=1030) HifiPointM odeDBS observation with
obsid=268435583 from the simulator data database (dsl).

1. Load the WBS pipeline script into your JIDE editor. The obsid, apid and database must be entered
manually into the script, see Figure 5.6.

Then step through the WbsPipeline.py script until the end, or play the entire script with the run-all
button (two green arrows). The output is a HifiTimeline product, which is stored in a simple Pool
caled si npl e. wbspi pel i ne
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Running the WBS Pipeline Script step-wise
Figure5.6. Running the WBS Pipeline Script step-wise

2. To run the Generic pipeline, load GenericPipeline.py into your JDE editor and step through the
script.

e The Generic pipeline requires that data have an AOT-like structure. Older obsids,
such as gas cel data, do not have this structure and result in the error
herschel . i a.task. Si gnat ureException: parans: Null is not allowed

» The GenericPipeline.py script does not (yet) store the resultsin a Pool.

» The Generic pipeline script cannot be played with the run-all button but can be run from the
command line as follows:

from herschel. hifi.pipeline.generic.GenericPipelineAlgo inport
runGeneri cPi pel i ne

newht p=runGeneri cPi pel i ne(ht p, None)

However when the Generic pipelineis run thisway, no calibration products are generated.

5.6. Running the Pipeline step by step

Theindividua steps of the HRS, WBS and Generic Pipelines are a so found in the task pane when the
HIFI Category is selected. By double-clicking on tasks you may use them to run through the pipeline
step by step. Asan example, Figure 5.7 shows the GUI for the step in the WBS pipeline that subtracts
the darks from the fluxes (DoWbsDark); three methods of dark subtraction can be selected from the
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drop-down menu. The HIFI Pipeline Specification document should be consulted for descriptions of
each step of the pipeline, as well as the methods used and inputs required.
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It is possible to modify the steps taken at stages of the spectrometer pipelines.

Figure 5.7. Running the pipeline step-by-step

Additionally, the wbsPipeline task has an option to be run step-by-step by selecting true from the step
drop-down menu, (see Figure 5.2) .
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Chapter 6. HowTo run the PACS
pipelines within HIPE

Vanessa Doublier-Pritchard, PACS ICC; Katrina Exter,
KULeuven

6.1. Introduction

The purpose of thisHowToisto brief userson running the PACS pipelinesviathe HI PE application, by
listing the stepsthat the pipelinesfollow. Detailed explanations of what is being done at each stage and
how to check your resultsare given the PACS cookbooks and data reduction guideswhich are available
from the HIPE help main page, and first-time users are strongly recommended to read these. The
PACS pipelines currently run as along series of individua tasks, rather than as a single application.
Thedatayou will recieve from the Herschel Science Archive (HSA) will have been processed through
a pipeline aready, and here we list the steps that the pipelines actually do so you could repeat this
yoursdlf if you so wished. But, if you want to know what you are doing at each step, you will have
to read the cookbooks and data reduction guides.

We recommend that you run HIPE with 2G of memory ("hipe -Xmx2000m").

We aso recommend that you read the parts of the HowTo documentation that explain how to start
and navigate in HIPE, how to select and inspect products, and how to display data. We do not repeat
those instructions here.

We also recommend that you read the PACS Data Reduction Guide (or similar name), the basic level
user documentation for the PACS pipeline. A preliminary version of this guide should be on the HIPE
help pages from mid September.

Last edited 28 Feb 2009; rearrangments of spectroscopy in Aug 2009.

6.2. Populate your pool

Y ou will have gotten from the HSA (Herschel Science Archive) atarfile which you should untar into
adirectory below your "Istore" directory; HIPE expects this to be at [/Users/me/].hcss/lstore (i.e. off
of your home directory). Istoreis the default supradirectory in which you place all your "pools', these
pools being the location of your PACS data. Normally you will have one pool per tarfile you got from
the HSA.

Inside a pool should be everything you will need to process your observation. This includes not just
the actual astronomical observation, but also the data products that were used to process the data in
the automatic data reduction pipeline, the results of which are included in your pool. These include:
spacecraft pointing, time synchronisation data, the satellite orbit, the parametersyou enteredin HSPOT
when you submited the proposal, and the pipeline calibration tables. The automatic pipeline also
produces basic spectra and spectral cubes, and generates a quality assessment of the observation. It
is these basic cubes that we will look at in this chapter, cubes that have been processed through the
pipeline in an automatic fashion.

A pool is aso alocation into which you can import products that you produce in the course of your
data reduction (more of that later). If you wish to share pools, to send someone processed data for
exampl e, tar up thewhole directory and send them that. The pool'sdirectory name must not be changed
or HIPE will not be able to find the data therein.
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6.3. Start HIPE and get the
ObservationContext

What you want to look for in your pool isan " ObservationContext" (the capitalisation and concating is
ajython thing). An ObservationContext isacontainer of productsthat bel ong to aspecific observation.
It provides associations between all the products you need to process that single observation (e.g.
pointing products, housekeeping data...). If you are reducing datafrom stratch you will want to extract
from this ObservationContext the Level 0 products.

To get this ObservationContext, first start HIPE. From the main page you go to the Work Bench or
the Full Work Bench perspective, by: clicking on the "Work Bench" icon on the HIPE welcome page;
clicking on the small blue (Work Bench) or green (Full Work Bench) clapperboard icon at the top
right of the HIPE GUI; selecting the menu at the top left Window#Show Perspectives. All of thisis
explained in the HowTo and we will not repeat everything said there.

It isin the Console section of your work bench that you type commands. If you have aready gotten
your datafrom the HSA and unpacked it into apool located off of your .hcss/Istore directory, you then
extract your observation using the command

myobs=get Cbservati on(1342182002L, od=<nunber >)

wherethefirst parameter isthe OBSID, the observation ID asanumber followed by an"I" or "L", and
od is the observing day of your observation. These information should have been given to you, but
also when you search for your observation in the HSA directly the OD and OBSID are listed along
with other information. Note that specifying od is not always necessary. When you have executed this
command, "myobs"’ will appear in the Variables panel listing.

If you have not aready gotten your data from the HSA and put it in to a pool, then with the following
command you can get it and import it into HIPE:

myobs=get Cbservati on(1342182002L, useHsa=Tr ue)

For this to work you must have your HSA username and password written in your ./hcss/user.props
file viathe following lines:

hcss. i a. pal . pool . hsa. hai 0.1 ogi n_usr
hcss. i a. pal . pool . hsa. hai o. | ogi n_pwd

your usernane
your password

(if you are only now writing these in that file, then you will need to restart HIPE for it to take effect.)
We recommend you immediately then save myobs to a pool (save to disk)

mypool = Local Pool (" pool 1342182002")
nmypool . saveCbser vat i on( nyobs)

where the first command tells HIPE what your new pool will be called (and in this example the new
pool will be located in [/Userg/katrina/].hcss/Istore/pool 1342182002) and the second then puts the
ObservationContext (myobs) in that pool (directory).

The full range of parameters for getObservation are

myobs=get Cbservati on(obsid [, od=<nunber>] [, pool Nane=<stri ng>]
[, pool Location=<string>] [,verbose=<bool ean>] [, useHsa=<bool ean>)

where the optional parameters are: od (observation day); pool Nane is the name of the pool if
you have given it your own, unique name (getObservation by default expects a particular naming
convention); pool Locat i on, in case the pool directory is not in /hcss/Istore; and ver bose for a
full reporting.
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Since you are reducing the data you will want to start from Level 0. Y ou can selected either (i) Ramps
or (ii) Frames products to work on, these will be called (i) HPSAVGR, HPSAVGB or (ii) HPSFITR
or HPSFITB. To do this, on the command line type something like:

myranp = nmyobs. | evel ["] evel 0"].refs["HPSAVGB"] . product.refs[0].product
# or
nyfrane = nyobs. | evel ["| evel 0"].refs["HPSFI TB"]. product.refs[0].product

This extracts out the first of the averaged blue ramps (if there is only one you still need to specify
refg/0]). To find out how many HPSAV GBs are present, see Fig. 2 from Chap. 1; if you click on the
+ next to HPSAVGB it will list all (starting from O) that are present.

An alternative way to get your HPSAV GB..ref[x] product isto click on myobsin the Variables panel
to send it to the Editor panel, click on +level0, then on +HPSAVGB to seeentries01 2 ... If you only
have 1 averaged ramp product then there will only be 0 in here. Y ou can then drag and drop "0" it to
the Variables panel. The command that is echoed to the Console will be very similar to the one you
typed above, only with a different name on the left (which you will then want to change).

Before beginning you will need to set up the calibration tree. Y ou can either chose that which came
with your data or that which is attached to your version of HIPE. The calibration tree contains the
information HIPE needs to calibrate your data, e.g. to translate grating position into wavelength, to
correct for the spectral response of the pixels, to determine the limits above which flags for instrument
movements are set. Aslong asyour HIPE is recent then the caltree that comeswith it will be the most
recent, and thus most correct, calibration tree. If you wish to recreate the pipeline processed products
as done at the Herschel Science Centre you will need to use the calibration tree there used, i.e. that
which comes with the data. We recommend you use the calibration tree that comes with HIPE.

# fromyour data

nmycal t ree=nyobs. cal i bration

# or from H PE

nycal t ree=get Cal Tree("FM")

# where FM stands for flight nodel and is anyway the default

Currently it is necessary to extract a few other products, in addition to the e.g. HPSAVGB, in order
for the pipeline processing steps to be carried out. These are the dmcHead, the pointing product, and
the orbit ephemeris. Y ou can get these, to be used later, with

pp=nyobs. auxi | i ary. poi nting

dntHead=nyobs. | evel ["| evel 0"].refs["HPSDMCR'] . product . refs[0]. product
or bi t ephem = nyobs. auxiliary. orbi t Epherneri s

Stll to be written: how to know what DMCHead product to extract if there is more than one

6.4. PHOT pipeline

6.4.1.

Full PACS pipeline documentation explaining the tasks being performed in each module is provided
elsewhere. Here we show the steps. Notethat what wascalled "myframe" aboveisherecalled "frames'
and "mycaltree” is called "cal Tree".

Level Oto Level 0.5

Level 0to Level 0.5 tasks are common to all photometer observing modes:

frames = findBl ocks(frames, cal Tree=cal Tree)

frames = phot Fl agBadPi xel s(frames, cal Tree=cal Tr ee)
frames = phot Fl agSaturation(frames, cal Tree=cal Tree)
frames = phot ConvDi git2Vol ts(franes, cal Tree=cal Tree)
frames = phot Correct Crosstal k(franes, cal Tree=cal Tree)
frames = phot MMIDegl i t chi ng(frames)

frames = convert Chopper 2Angl e(franes, cal Tree=cal Tree)
frames = phot Addl nst ant Poi nti ng(frames, pp)

frames = cl eanPl at eauFr ames(frames, cal Tree=cal Tr ee)

65



HowTo run the PACS pipelines within HIPE

6.4.2. Level 0.5to Level 2
6.4.2.1. Point Source pipeline

The Point Source data reduction steps are:
* Single command: runPhotometerPointSource.py

o Step-by-step tasks:

#Level 0.5> Level 1

frames = phot MakeDi t hPos(frames)

frames = phot MakeRasPosCount (frames)

frames = phot AvgPl at eau(franes)

frames = phot Assi gnRaDec(frames, cal Tree=cal Tree)
frames = phot Di f f Chop(framnes)

frames = phot AvgDi t h(frames)

frames = phot Di f f Nod(frames)

frames = phot Conbi neNod( franes)

print -"photRespFl atfi el dCorrection"
franes phot RespFl atfi el dCorrection(frames, cal Tree=cal Tree)
franes phot Dri ft Correction(frames)

#Level 1> Level 2

i mage = phot ShiftDith(franes, copy=1)

6.4.2.2. Small Extended Source
The Small Extended Source data reduction steps are:
* Single command: runPhotometer Small ExtendedSource.py
» Step-by-step tasks:

#Level 0.5>Level 1

frames = phot MakeRasPosCount (frames)

frames = phot AvgPl at eau( franes)

frames = phot Assi gnRaDec(frames, cal Tree=cal Tree)
frames = phot Di f f Chop(franes)

frames = phot AvgNod(frames)

frames = phot Di f f NodSmal | (frames)

print -"phot RespFl atfi el dCorrection"
frames = phot RespFl atfi el dCorrection(frames, cal Tree=cal Tree)

#Level 1> Level 2

i mmge = phot Proj ect (franes, cal Tree=cal Tr ee)
6.4.2.3. Scan Map -simple-
The Scan Map, default setup, data reduction steps are:

* Single command: runPhotometer ScanMap.py

» Step-bystep tasks:

#Level 0.5>Level 1

frames = phot MakeDi t hPos(frames)
frames = phot MakeRasPosCount (franes)
frames = phot AvgPl at eau( franes)
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frames = phot Assi gnRaDec(frames, cal Tree=cal Tree)
frames = phot Di ff Chop(franes)

frames = phot AvgDi t h(franes)

frames = phot Di ff Nod(franes)

frames = phot Conbi neNod( f r anes)

print -"phot RespFl atfi el dCorrection”
franes phot RespFl atfi el dCorrection(frames, cal Tree=cal Tree)
frames phot Drift Correction(franes)

#Level 1> Level 2

i mage = phot ShiftDith(franes, copy=1)

6.4.2.4. Scan Map

The Scan Map, any setup, data reduction steps are:
 Single command: runPhotometer ScanMap.py
» Step-by-step tasks:

#Level 0.5>Level 1

frames = phot Fl uxCal (franes)

#Level 1> Level 2

franmes phot Assi gnRaDec(frames, cal Tree=cal Tree)

franmes phot Hi ghpassFi |l ter (frames, 200)

#Rem | nput paranters (scale =1 nmeans skypi x=dect ector pixel)
#crota2 =0.0 of output map

scal e =1

crota2 =0.0

tod = makeTodArray(frames, scale, crota2, -"test.tod", -".")
filterLength = 0 maxRel Error = le6 maxlterations = 500

i f (runNai veMapper == None):
runNai veMapper = Bool ean. FALSE
map = runMadMap(tod, cal Tree, filterLength, nmaxRel Error,
max| terati ons, runNai veMapper)

6.4.2.5. Chopped Raster
The Chopped Raster data reduction steps are:
» Single command: runPhotometerRaster.py
» Step-by-step tasks:

Level 0.5> Level 1

frames = phot MakeDi t hPos(franes)

frames = phot MakeRasPosCount (franes)

frames = phot AvgPl at eau(franes)

frames = phot Assi gnRaDec(frames, cal Tree=cal Tree)
frames = phot Di ff Chop(franes)

frames = phot AvgDi t h( franes)

frames = phot Di ff Nod(franes)

frames = phot Conmbi neNod( f r anes)

print -"photRespFl atfiel dCorrection”
frames phot RespFl at fi el dCorrection(franes, cal Tree=cal Tree)
frames phot Dri ft Correction(franes)

Level 1> Level 2

i mge = phot ShiftDith(franes, copy=1)
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6.5. SPEC pipeline

6.5.1.

6.5.2.

Full PACS pipeline documentation explaining the tasks being performed in each module is provided
in the PACS user-level datareduction guide which from mid Sept will hopefully become available, at
least for spectroscopy. Here we only list the pipeline steps for the chop-nod AOT, we do not include
the same level of detail of the data reduction guide. The data reduction from level 0 to 0.5 are the
same for all types of observation.

Level Oto 0.5

We are starting from a Ramps product (myramp) and begin with

nmyranp = specFl agSat ur ati onRanps( nyranp, cal Tree=nmycal tree)

nyfrane = fitRanmps(nyranp)

nyfrane = specConvDi gi t 2Vol t sPer SecFr anes(nyfranme, cal Tree=nycaltree)
nyfrane = detectCalibrationBl ock(nyfrane)

nyfrane = addUt c(nyfrane) not yet working

nyfrane = specAddl nst ant Poi nti ng(nmyfrane, pp, cal Tree=nycal tree)

nyfrane = convert Chopper 2Angl e(nyfrane, caltree=mycal tree)

nyfrane = specAssi gnRaDec(nyfrane, caltee=nycaltree)

nyfrane = waveCal c(nyfrane, cal Tree=nycal tree)

nyfrane = specCorrect Her schel Vel oci ty(nyfrane, orbitephem pp)

nyfrane = findBl ocks(nyfranme, cal Tree=nycaltree)

nyfrane = specExtendStatus(nyfrane, cal Tree=nycal tree)

nyfrane = specFl agBadPi xel sFranes(nyfranme, cal Tree=nycaltree)

nyfrane = cl eanPl at eauFr anes( nyframe, dnctHead=dnthead, cal Tree=nycaltrree)
nyfrane = fl agG at MoveFr anes(nyfranme, dncHead=dnthead, cal Tree=nycal tree)
# and, if you began froma Franes product (nyfrane)

nyfrane specFl agSat ur ati onFranes(nyfrane, cal Tree=nycal tree)

Level 0.5t0 2

These stages are AOT specific, and at present we only give the details for a chop-nod point source
AQT.

nyfrane = specFl agd i t chFranmesQTest ( nyfrane)

# or

nyfrane = specFl agd i t chFranesQTest Chopped( nyfrane)

# and then

nyfrane = specCorrect Si gnal NonLi nearities(nyfranme, cal Tree=nycal Tree)
nyfrane = convert Si gnal 2St andar dCap( nyfrane, cal Tree=cal Tr ee)

RespandDar k = specDi ff Cs(nyfrane, cal Tree=nycal Tr ee)

nyframe = specDi ff Chop(nyfrane)

nyfranme = rsrfCal (nyfrane, cal Tree=cal Tr ee)

nyfrane = specRespCal (nyfranme, csResponseAndDar k=RespandDar k, cal Tree=nycal Tree)
nyfrane = specAddNod( nyfrane)

mycube = specFranmes2PacsCube( nyfrane)

# end of Level 1

wave&id = wavel engt hGri d(nycube, cal Tree=nycal Tr ee, over sanpl e=3, upsanpl e=3)
mycube = specFl agQutli ers(mcube)

r ebi nnedCube = specWaveRebi n(nycube, waveGi d)

conbi nedCube = specProj ect (rebi nnedCube)

# end of Level 2
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Chapter 7. How to perform SPIRE
pipeline processing in HIPE

Herschel SPIRE Editorial Board
version 1.2, 13-September-2009

7.1. SPIRE pipeline processing

ThisHowTo givesastep by step cookbook of how to run the SPIRE photometer pipelines using HIPE.

7.1.1. SPIRE photometer pipeline processing

7.1.1.1. Preperation for running the SPIRE photometer pipeline
within HIPE.

The user can process SPIRE photometer datafor each of the various AOTs using the standard pipeline
scripts that are bundled in within HIPE. The available AOTs for SPIRE photometry are as follows:

Table 7.1. SPIRE Photometry AOTs

Instrument Mode HSpot Observation M ode Description

POF2 Point Source Photometry Seven-Point Jiggle Map

POF3 Small Map Small Map - 64-point jiggle Map

POF5 Large Map Large Scan Map Without
Chopping

PARALLEL Parallel Mode SPIRE/PACS Parallel Mode

For the purposes of this example, we will obtain and process a POF9 observation (SPIRE/PACS
Parallel Mode).

Download the required observation (for our example case, ObslD: 3221226284).This can be retrieved
viaFTP, or more conveniently using the HSA Retrieval mechanism, which will bring the observation
into your HIPE session (see HowTo on accessing the Herschel Science Archive).

We shall create a pool called '3221226284' to store our downloaded data for the PARALLEL mode
pipeline.

In the latter case the default name of the downloaded observation product is

obsi d_<observati on nunber >
# in our case, obsid 3221226284

Using the 'Navigator' window, navigate to the directory: {HI PE_di rectory}/scripts/
within the build tree and choose the appropriate pipeline file (those with the pi pel i ne. py
extension) as shown in the figure below for the case of the POF3 pipeline script:
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Double click on the name of the relevant pipeline script in the Navigator window, and the contents of
thepipelinefilewill appear within the Editor window. Theuser should notethat thisisthe official script
which contains many commandsrel ated to the Standard Product Generation (SPG) infrastructure. This
pipelineis not meant for stepping through but rather for batch processing.

EHIPE - Herschel Interactive Processing Environmenkt

File Edit Run Window Help

-
# §Id: POFY pipeline.py,v 1.19 Z009/02/05 14:06:59 pasquale Exp § i

# process an observation, one have to create the ObservationContext
# and stored it in @ stordge wsing the cbsExporter.py application

# Author: Pasgquale Panuzzo, CEA Saclay, France, pdsquale.penuzzoficed. 3

Raw Photometer Detec
Raw Nomiral House Ked

Photometer Scan Prody

ST H S P B #
= Mavigator x [—no]| ™ Editor =
o - @ POF9_pipeline.py x
= L= User areas b &
#-[[p Home Folder
- #
T # Official script for POF? pipeline.
--\Ib BN} #
'T“BhESS_pUUIS # When this script is used in interactive mode (i.e. form JIDE),
_7.E&Essﬂ . # it loads the ObservationContext (obhs) from 2 storage using
%
l Bj‘;ﬂ:"” # the obsloader.py GUI application. Thus, to use this script to
I
o= spire
- [ hin . . . .
I -Ecunﬂg # that can be found in the bin directory of spire build.
= data #
@ = dac # Dutput Products:
@ 2 lib # Level 0 RIDT EuildingklockProduct
—- = scripts # FNHET  Building®lockIroduct
N eng_pipeline.py #
N j_cmd.py # Level 1: PSP DetectorTimeline
e j_input.py #
@ _pdb.py
N POF2_pipeline.py #
—:: POF3_pipeline.py # History:
[ 1

% Tasks x =

= Al

& Applicable
% By Categary

(

El console x

HIFE>

HIPE>

~ BUILDMUN HIPE>

- DPF-CORE_BUILDMUN HIPE>

~ DP-SFIRE_BUILDMNUNM HIPE:

~ DP-SPIRE_MODULES HIPE>

- = Hess-core_BUILDNUL || [frpes

- [ README —

- | SCHEMA_VERSION —

- [= Other HIPES

*|

1% variab... i

-

29071076 MB L

Figure 7.1. The Navigator window within the HIPE GUI

There are two ways to run the pipeline though HIPE:

1) Either running through the pipeline script step-by-step by repeatedly clicking the Play button:

File Edit Run ‘Window Help

EHIPE - Herschel Interactive Processing Enyironment

nil B A

_ oL Editor x

{E? Navigator x\

Figure 7.2. The Play button on the HIPE GUI

2) or you can run the entire pipeline straight through by first highlighting the contents of the entire
script within the Editor window and then clicking the Play button. Alternatively, you can click the
Fast Forward button to run the entire script. Once you have started running the pipeline, you obtain

the following window to track the progress of the processing:
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e

~lnput

flot* |C| |

magpping : |r'IEli‘-.|"E |

|—nutput |

~info

LN ko -
status: ]
-

progress: | 0% |

| Clear || Arcept |

Figure 7.3. Plot dialog.

If you wish to obtain plots, changethe 0to 1 in the ‘plot’ dialog, otherwise just hit the 'Accept’ button.
The window will then close automatically.

Next, you will seethe Gbser vat i on_Loader window - for HIPE to access and process the data
viathe pipdline, this requires a Storage ID of the data pool (in this case, obsid 3221226084) and an
Observation ID (again in this case, 3221226084) for the data to be processed:

S

Observation Loader

Observation 1D: | 3221226084
Pool ID: lohsid_3221226084 |

| search | | aort |

Figure 7.4. Observation L oader.

Then hit Search and the pipeline processing of datawill start automatically. Running the pipeline will
process dataautomatically from theinitial product Level Otothefinal Level 2 productswithout further
user interaction. However, the user may wish to tweak some of the pipeline processing parameters. In
the next Section we will run a customized interactive script to run a POF9 pipeline, with the dataset
3221226084 - if you use a different observation to this, the plots will of course differ.

In HIPE version 1.2, the SPIRE pipelines are in fact integrated within HIPE, which should make the
execution of pipeline processing much more straightforward, without having to deal with individual
scripts. To do this,

* load in your HIPE section a SPIRE photometry observation;
* select the observation context in the Variables view of HIPE,

* gointhe Task view, look in the "Applicable" list, and you'll find a task called spire**** Pipeline
(where **** can be PointSource, LargeMap etc),

 doubleclick on it, and a GUI will appear;

* click on "accept" and it will run the pipeline script for you.
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7.1.1.2. Running the SPIRE photometer pipeline interactively.

The pipeline for Level 0.5 to Level 1 processing involves the following sequence of processing
modules. The pipeline works on a Photometer Detector Timeline (PDT) and requires the Nominal
Housekeeping Timeline (NHKT). Additional auxilliary products are required for the telescope
pointing information (see the flowchart below)

Photometer Nominal Spacecraft Spacecraft
Detector Housekeeping Pointing Apertures
Timeline Timeline Product Product

L

BSM SPIRE
Instrument
Angles —_———mm o
Timeline Pointing
Product

Photometer Level 1 Product

Scan
Product

*

Photometer Level 2 Product

Map
Product

Figure 7.5. The SPIRE POF9 pipeline.

Start the pipeline running the first correction - the Electrical Crosstalk Correction. We can execute
thisin aloop for all scan lines:

for bbid in bbids:
bl ock=l evel 0_5. get (obsi d, bbi d)
pdt =bl ock. pdt
pdt =el ecCr oss( pdt, t abl e=obs. cal i brati on. phot . el ecCr oss)
pdt Li st. append(si nk. save(pdt))
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Now,for this observation, we know that detector timeline #5 contains a glitch in detector "PMWA 13"
at sample 135:

pdt =pdt Li st [ 5] . pr oduct

We can start to take steps to correct this glitch. First we get the voltage of detector "PMWA13". The
getVoltage() method is defined for DetectorTimeline objects:

vol t age=pdt . get Vol t age( " PMNAL3")

Next we get the sample times. We are using a jython syntax to call the method getSampleTime()
defined for DetectorTimeline objects:

ti me=pdt . sanpl eTi me

Here we shift the time origin to center on the glitch:

time=tine-tinme[135]

Get the name of the unit of the voltage:

uni =pdt . get Vol t ageUni t (" PMAAL13").toString()

Deglitching
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Figure 7.6. Plotting voltage against time.
Now we can plot the voltage versus time to view the glitch:

pl ot 1=Pl ot XY(ti me, vol t age, col or =Col or . bl ue, xrange=[-7, 7], \
xtitle="Time [s]",ytitle="Voltage ["+uni +"]", nane="Degl it ching")

plot1[ 0] . styl e. stroke=1

plot1[0].style.line=2

pl ot 1[ 0] . styl e. synbol =14

To correct, we run deglitching on all scan lines:
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for i in range(nscans)

pdt =pdt Li st[i]. product

pdt =degl i t chi ng( pdt)

pdt Li st[i]=sink. save(pdt)

Now we get the same timeline after deglitching:
pdt _deg=pdt Li st[5] . product
Again we get the voltage of detector PMWA13:
vol t _deg=pdt _deg. get Vol t age(" PMNAL3")
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Figure 7.7. And we can overplot on the old timeline. We are currently optimising the parameters of the
deglitching task toimprovetheglitch subtraction - glitch removal in thefinal version of the pipeline should
be much improved over what is shown in thisfigure!

Overplot on the old timeline:

pl ot 1[ 1] =Layer XY(ti me, vol t _deg, col or =Col or . r ed)
plot1[ 1] . styl e. stroke=1

Now we apply the Electrical Filter Response Correction

for i in range(nscans)
pdt =pdt Li st[i]. product
pdt =corr El ecFi | t Response( pdt)
pdt Li st[i]=si nk. save(pdt)

Now we run Flux Conversion:

for i in range(nscans)
pdt =pdt Li st[i]. product
pdt =phot Fl uxConver si on( pdt, t abl e=obs. cal i brati on. phot . f| uxConv)
pdt Li st[i]=si nk. save(pdt)

And let'splot the signal seen by the detector "PSWE10" of the first scan line. Wewill compareit with
the result of the temperature drift correction:
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pdt =pdt Li st [ O] . pr oduct
si gnal =pdt . get Si gnal (" PSVE10")
ti me=pdt. sanpl eTi me-t 0

And obtain the name of the unit of the signal:

uni =pdt . get Si gnal Uni t (" PSWE10").toString()
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Figure 7.8. Plotting signal vs. time.

And plot the signal versustime:

pl ot 2=PI ot XY(ti e, si gnal , col or =Col or. bl ue, \

xtitle="Time [s]",ytitle="Signal ["+uni+"]", name="Tenp. drift correction")
pl ot 2[ 0] . nane="Before tenp. drift correction”
pl ot 2. | egend. vi si bl e=1

Apply correction for temperature drift

for i in range(nscans):
pdt =pdt Li st[i]. product
pdt =t enperat ureDrift Correction(pdt,tabl e=obs. calibration. phot.tenpDriftCorr)
pdt Li st[i] =si nk. save(pdt)

Get the corrected PDT:

pdt _corr=pdtList[0]. product

Get the signal of the same detector:

si gnal _corr=pdt_corr. get Si gnal (" PSWE10")
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Figure 7.9. After Temperature Drift Correction.

And finally overplot it over the original signal v time plot before the temperature drift correction:

pl ot 2[ 1] =Layer XY(ti me, si gnal _corr, col or=Col or. red, name="After tenp. drift
correction")

Let'slook at the voltage of the PSWT1 thermistor:

si gnal _pswt 1=pdt _corr. get Si gnal (" PSW'1")
pl ot 3=Pl ot XY(ti e, si gnal _psw 1, col or =Col or. bl ue, \
xtitle="Tinme [s]",ytitle="PSW1 Voltage [V]", nane="Therm stor voltage")
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Figure 7.10. PSWT1 voltage.

Apply the bolometer response correction:

for i in range(nscans):
pdt =pdt Li st[i]. product
pdt =cor r Bol Ti mreResponse( pdt)
pdt Li st[i]=si nk. save(pdt)

Apply the Optical Crosstalk Correction:

for i in range(nscans):
pdt =pdt Li st[i]. product
pdt =opt Cr oss( pdt, t abl e=obs. cal i brati on. phot . opt Cr 0ss)
pdt Li st[i]=si nk. save(pdt)

Create a Spire Pointing Product:

spp=Spi r ePoi nti ngProduct (det Angf f =obs. cal i brati on. phot . det AngCOF f, \
hpp=obs. auxi | i ary. poi nti ngProduct, si amrobs. auxi | i ary. si anPr oduct)

Create a ScanContext wherewewill attach all thetimelines. Thiswill be used asinput for map making:

scanCon=ScanCont ext (obsi d)
scanCon. nodel Nane=obs. | evel [ "] evel 0"] . nodel Nanme

In this loop we compute the pointing:

for i in range(nscans):
bl ock=l evel 0_5. get (obsi d, bbi ds[i])
nhkt = bl ock. nhkt
# cal cul ate BSM angl es
bat =cal cBsmAngl es( nhkt, bsnmPos=obs. cal i brati on. phot . bsnPos)
#
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# add the Bsm Angles Tineline to the SpirePointingProduct
spp. bat =bat

# associate sky positions to flux sanples

pdt =pdt Li st[i]. product

ppt =associ at eSkyPosi ti on( pdt, spp=spp)

scanCon. ref s. add(si nk. save(ppt))

Level 1to Level 2 processing (using Naive Mapping or MadScanM apper) for the mapping pipeline
processing produces the final PLW/PMW/PSW products.

Run MADmap map making for the three bands:

mapPsw=nmadScanMapper (scanCon, array="PSW)
mapPmw=nadScanMapper (scanCon, array="PMN)
mapPl w=nmadScanMapper (scanCon, array="PLW)

Save mapsin the sink and attach them in the ObservationContext

| evel 2=MapCont ext ()

I evel 2. refs. put ("PLW, si nk. save( mapPl w))
I evel 2. refs. put ("PMN, si nk. save( mapPmn) )
I evel 2. refs. put ("PSW, si nk. save( mapPsw) )

obs.level ["] evel 2"] =l evel 2
obs. obsState = Observati onCont ext. OBS_STATE_LEVEL2_PROCESSED

Saving the data mapsfor each photometer array

When the pipeline is finished running, a new dialog will appear on screen, asking you whether you
wish to save the processed ObservationConext. Click yes to proceed. This enables you to save the
final observation context in a new location.

)

Cio »aou weant 1o sawe the processed ObservationContexty

Yes Mo

Figure 7.11. Observation context dialog.

Now enter the name of the pool where the user wants to save al the processed data in the dialog that
pops up.

Saving the data mapsfor each photometer array
In order to browse the processed data, within the 'Variables window, select '‘obs from the list of the

available variables - thisis the variable containing the final observation context. Doing thiswill bring
up the data summary information in the Editor window:
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Figure 7.12. Data summary information.

Furthermore, different levels of data processing can be accessed and inspected from the associated
products window. For the point source photometry pipeline (POF2), the final products are Level 1
products - namely extracted fluxes. For the remaining mapping pipelines, thefinal pipeline processing
productswill beintheform of maps, naturally. Typical example of afinal pipeline processing product
is shown below, where we have accessed the level 2 product maps from the POF9 scan map pipelines,
the PSW, PLW and PMW map products:

I
aaEslQfm L] smos [

I 10:18:48.950, +00:29:33.14

Figure 7.13. Level 2 PSW product from POF9 pipeline.
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Figure 7.14. Level 2 PMW product from POF9 pipeline.
[

I
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Figure7.15. Level 2 PLW product from POF9 pipeline.

7.1.2. SPIRE spectrometer pipeline processing.

7.1.2.1. Preparation to running the SPIRE spectrometer pipeline
within HIPE.

The processfor preparing to run a SPIRE spectrometer pipeline within HIPE isavery similar process
to that for preparing to run a photometry pipeline - the user must obtain their data and set up apool for
data storage in the same manner asfor photometry - see section 7.1.1 for instructions on how to do this.

Theuser can process SPIRE spectrometer datafor each of thevarious AOTsusing the standard pipeline
scripts that are bundled in within HIPE. The user should note that the officia scripts contains many
commandsrelated to the Standard Product Generation (SPG) infrastructure. This pipelineisnot meant
for stepping through but rather for batch processing. The available AOTsfor SPIRE spectrometry are
asfollows:

Table 7.2. SPIRE Spectrometry AOTs

Instrument Mode HSpot Observation Mode Description
SOF1 Point-source spectrometry
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Instrument Mode HSpot Observation M ode Description
Point Source Spectrum
(Continuous Scan)

SOF2 Raster Mapping spectrometry  |Fully Sampled Spectral Map
within FOV (Continuous Scan)

As mentioned in Section 7.1.1., as of HIPE version 1.2, the SPIRE pipelines are in fact integrated
within HIPE, which should make the execution of pipeline processing much more straightforward,
without having to deal with individual scripts. To do this,

* load in your HIPE section a SPIRE spectrometry observation;
» sdlect the observation context in the Variables view of HIPE,

* gointhe Task view, look in the "Applicable" list, and you'll find a task called spire**** Pipeline
(where **** can be SinglePointing, Raster etc),

 double click on it, and a GUI will appear;

» click on "accept" and it will run the pipeline script for you.

7.1.2.2. Running the SPIRE spectrometer pipeline interactively.

For the purposes of thisexample, wewill obtain and process aobservation (point-source spectrometry),
ObslD=0x300117FE within your pool. (This OBSID number isin Hex - generally you will search the
HSA in decimal notation for the OBSID.) That observation was an observation where a 202 pm laser
was shone on SSWD3. We base the steps for this spectroscopy HOWTO upon the script used for the
May 2009 Data Reduction workshop. One can attempt processing sample SPEC data by accessing
data from the May 2009 data anal sysis workshop by accessing:

ftp://ftp.sciops.esaint/

* user: hipe_user

* pass. beta tester

* Directory: v1.0_May09/SPIRE_SPEC/DATA/

Run the demo script to the point where interferograms are generated.
Run al commands up to and including:

sdi =creat el f gm(sdt =sdt, smect=snmect, hkt=nhkt,
cal SmecZpd=obs. cal i brati on. spec. smecZpd,
cal SpecChanTi meOf f = obs. cal i brati on. spec. chanTi neO>f f,
cal SpecSnecSt epFact or =obs. cal i brati on. spec. snmecSt epFact or,
i nt erpol Type= -"spline")

After the commands run to completion, inspect the resultant interferograms. In particular note the
difference between the interferograms on SSWD3 and SSWA2 (or any of the SLW pixels).
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Figure 7.16. Interferograms for detector SSWD3
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Figure7.17. Interferogramsfor detector SSWA2. The baselineisclearly visible.
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Figure 7.18. Interferogramsfor detector SLWAL. The baselineisclearly visible.

As shown in the above figures, the laser signature is clearly visible on SSWD3, while the position-

dependent baseline is clearly visible for SSWA2 and SLWA1. Next, remove the OPD-dependent
offset. One can modify the degree argument to change the order of the fitted polynomia (4 is the

default).

sdi =basel i neCorrecti on(sdi =sdi, type= -"polynom al", degree = 4)
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Figure 7.19. Task view for baseline correction.
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Figure 7.21. Interferogramsfor pixel SSWA1 after baselineCorrection().

Here again, note the difference in the interferograms before and after this step (In particular, note the
differencesfor the outer edge pixels, compare Figure 7.17 and Figure 7.18 with Figure 7.20 and Figure
7.21). Next, we prepare the interferograms for phase-correction. First we extract the portion of the
interferograms symmetric about OPD=0 and apodize these interferograms.

presdi = apodi zel f gns(sdi =sdi, apodType="ds", apodFuncti onName="aNB_15")

85



How to perform SPIRE pipeline processing in HIPE

=lex)
ile Edit Run Window Help I
o  hes®EQ
| Editor % (—o|[ 28 variabt.. x\ [“5)|[d@Tasks x\__ [T !
= < [
#_SOF1_pipeline.py {sui | ® apodizetigm 2 A icanis
1 © inputs °
o @ baselineCorrection
© loader @ deglitshifgm
B e © obs © farmalCanversion
o plot ® fourierTransform
anodTyne ‘ A | ® sdi © glitehFinder
° s @ gitchRermoval
aposFunctariiame | hd J e usesine @ localstoreWiiter
@ phaseCorestion
® seal
out ® calCarection

@ simpleFitsriter
|2 By Categary

Variahle name for outsei: [outseli

untknawn ]
status:

progress: | 0% |
Clear | | Accept !
(]
El Console x (== !

celescope, subsystem, bbid, source, numScans, commandedResolution, QcPhaseWrap, biasHal
:lecside, bbTypeName, adcErr, offsetApp, slwBiasfAmpl, sswBiasAmpl, rcRollApp, jiggld,
sointNum, maskMaster, maskInvalidTime, maskAdcLatch, maskTruncated,
naskUncorrectedTruncation, maskGlitchDetected, maskGlitchNotRemoved, maskDead, maskN.
naskNotChoppedToSky, maskvoltage©ol, maskGlitchLlDetected, maskGlitchLlNotRemoved,
naskGlitchL2Detected, maskGlitchL2NotRemoved, ElectricalCrosstalkCorrecticnDonel,
datasets=[0001, 0002, 0003, 0004, History], history=None)

iIPE>  sdi=baselineCorrection(sdi=sdi, type= "polynomial", degree = 4}

iIPE> sdi = 11.get(0)

iIPE> 11 = obs.level["levell"]

{IPE> sdi = 11.get(0)

{IPE> sdi=baselineCorrection(sdi=sdi, type= "polynomial", degree = 4}
1IPE> v
1 v

762 MB E .

Figure7.22. Task view for selecting apodizlgfm.

The apodType argument means that we are only going to apodize the symmetric portion. The
apodFunctionName is the name of the apodization function that we select. Here this function is from
the Norton-Beer family. All apodization functions have an adverse effect on spectral resolution; this
one will decrease the resolution by afactor of 1.5 (that is where the 15 comes from.).
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Figure 7.23. Apodization of the double-sided portion of an SSWD3 interferogram. Note that this
interferogram contains only the signals from OPD positions symmetric about ZPD (OPD=0).
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The next pipeline step is to transform the double-sided interferograms. We do this because we want
to evaluate the phase (the phase being the arc tangent of the Imaginary part over the Real part of each
spectra.)

dsds = fourierTransforn(sdi =presdi, ftType="ds”, |A=True)

Here, the side argument just tells the function to take the transform of the double sided interferograms
and return a product whose signalswill contain real and imaginary components. Using PixelViewer(),
you can inspect these spectra and see the Real and Imaginary components.
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Figure 7.24. Spectra from the double-sided portion of an SSWD3 interfer ogram. Note the presence of real
and imaginary components.
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Figure 7.25. Spectra from the double-sided portion of an SSWAZ2 interfer ogram. Note the presence of real
and imaginary components.

We then pass these spectra and the original interferograms to the PhaseCorrectionTask() module:

sdi = phaseCorrection(sdi =sdi, dsds, pol yDegree=4,
pcf Si ze=127, obs. calibration. spec. bandEdge)

This module will make a fit to the in-band phase for each interferogram, and then correct the
interferograms by convolution with the inverse transform of the fitted phase.

The two free parameters shown here, polyDegree and pcfSize, refer to the fitting and the convolution,
respectively. polyDegree is the order of the polynomial used in the fitting of the phase, and pcfSize
refersto the length of the convolution function.
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Figure 7.26. SLWC3 - after phase correction.
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Figure 7.27. SSWA?2 - after phase correction.
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Figure 7.28. SSWC2 - after phase correction.

Inspect the corrected interferograms. You can zoom right in on the portion around ZPD (OPD=0).
There you should see that the signals are now pretty much symmetric.

Now that phase-correction is complete, we can (optionally) apodize the interferograms. Here, we want
the apodization to apply to the entire interferogram so we set apodType="ss".

One thing you might want to do is to create a copy of the interferogram product. Create the copy by
un-commenting the lines:

unapodSdi = Spectronet erDet ectorlnterferogran(sdi)

Now, run the apodization:

sdi = apodi zel f gns(sdi =sdi ,
apodType="ss", apodFuncti onNane="aNB_17")
Here we are using the Norton-Beer function that reduces resolution by afactor of 1.7.

Wetransform the interferogramsto create high-resol ution spectra. Wetell the fourierTransformTask()
module to do this by setting the ftType argument to “ss’.

ssds = fourierTransforn(sdi =sdi, ftType="ss")
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Figure 7.29. High resolution interferograms from SSWD3 after apodization.

Inspect theresults. Again, look at SSWD3. Notetoo the differencein the spectrafor this pixel between
the apodized and unapodized (see how the ripples are decreased at the cost of broadening the line.)
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Figure 7.30. High resolution spectra for SSWD3. The Norton-Beer apodization function has been applied.
A close up of thelaser lineregion isshown here.
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Figure 7.31. High resolution spectra for SSWD3. No apodization function has been applied. The ripples
from the SincILSareclearly visible.

You may have noticed that the data products to this point contain four scans each. In theory, these
data are redundant as each is essentially the same observation — each is a scan of the spectrometer
mechanism while the detectors view the same target. Theory not always being equal to practice, it is
typical to perform more than one scan per spectrometer observation in order to increase the resultant
signal-to-noise ratio.

All this leads in to the final step of the spectrometer pipeline; that of averaging the spectra that we
just created.

The output product from this step contains a single spectrum per detector and that spectrum is the
average of the each input spectraper detector per wavenumber bin. Example spectrafrom this product
isshown in Figures 7.30 and 7.31.

7.1.3. Additional reading

We have include processing of only the photometry and spectroscopy pipeline scripts as illustrative
examples - however, the processing of other photometer and spectroscopy AOTswill follow the same
basic prescriptions. Further, additional information regarding the structure of data at the variouslevels

92



How to perform SPIRE pipeline processing in HIPE

of processing, post-running of the respective pipeline scripts for each of the different photometry
pipelines can be found in the SPIRE Pipeline Description document
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Chapter 8. How to Save and Restore
Data (including Herschel Archive
data, ASCIl and FITS)

Herschel Editorial Board

8.1. Introduction

Saving HCSS data and exporting it to a format which can be read by other tools outside HCSS is a
very important task. It is necessary to have a correct understanding of the data structuresin an object-
oriented environment like the HCSS, because the data may come in different types of classes and
hierarchies. The following drawing shows the general overview of the available high level datain

HCSS:
Context metadata
I metadata
Product
Dataset
Dataset
Dataset
Dataset

l metadata
Product

Dataset
Dataset

Figure 8.1. HCSS high level data hierarchy

In this scheme, the highest level datais the Context, which is a product that stores references to other
products. So, the Context shown above in reality does not physically keep the two Products in it but
instead it only keeps their references, aso known as URNS.

The next level in the data hierarchy are Products, which may contain datasets of different types:
ArrayDatasets, TableDatasets etc. Some examples of Products are the Simplel mage, which holds the

images...
Note
@ How to save and restore variables of different kindsin aDP sessionisexplained in Section
10.2 of the DP User's Manual.
In short:
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save("nyfile.sav","x,y,z") # X, y, z are variables that are
saved in a disk

# file called -"nyfile.sav"
save("nmyfile.sav") # saves all variables in a DP session on disk
file
restore("nyfile.sav") # restores all variables to the session.
# WARNING This file can get very |arge
# for many sets of data being accessed
# and saved froma DP session.

8.2. How to save and restore data from the
command line

In order toillustrate the steps to save and restore data we need to create some HCSS high level data,
like products and datasets.

First, let's create a product. An example of an HCSS product is the Si npl el nage which is the
product used to hold images, together with the optional mask, flag, exposure and errorsimages. It also
includes necessary metadata in form of keywords (similar to FITS header keywords).

nmyl mage = Si npl el nage(descri pti on="An i mage",i nage = Doubl e2d(50, 100),\
error =Doubl e2d( 50, 100), exposur e=Doubl e2d( 50, 100))

Warning
O Theabove codewill generate animagewith thevalue 50 assigned to the NAXI S2 keyword
and 100 assigned to NAXI S1. In other words, theimage size will be 50 pixelsaong they
axis and 100 pixels along the x axis. The coordinate values will be displayed in this order
(y, X) in the Image Viewer. For an explanation of why the y size comes before the x size,
see section A note on array ordering in the User's Manual.

8.3. How to save and restore products using
a Local Store

Note
@ Information in this section is covered in more detail in the PAL chapter of the "DP Basic
User's Manua" available from within the Help environment of HIPE.

The easiest way to save and restore products in a HIPE session is to place them into a "local store”.
The "local store" is a simple folder structure which contains pools of products in the form of FITS
files with corresponding metadata. Pool folders usually reside in the ".hcss/Istore” directory under the
user's own home directory.

The"PAL storage manager” view in HIPE isshown in Figure 8.2. Thisallowsthe user to easily create
pools, open a product storage and register a pool in it. More than one pool (directory of data) can
be placed in a storage, if wanted, making many products from different observations or instruments
available from the same storage area. The ID given to the storage is the one needed to directly access
the products from that storage.
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v HIPE =j|ajfx
File Edit Run Window Help
| ih@nm EQ
E Editor x _ || &4 PAL Storage Manager x -
rPool
Paol | V‘ | Delete |
Pool ID ‘ Type. ‘\smrs 'l ‘ [r-’:al-’:l
rStorages
Storage: ‘ v| | Delete ‘
rRegistered pool:
Add
m B Console i History & [« » 3 -0
name hsastg -
class Frodus
package |hersch||[@
O D
41 0f 2032 MB .

Figure 8.2. View for creating a pool for storing products

On the top panel are shown the list of user's pools under ".hcsg/Istore” directory. New pools can be

created fill-in Pool 1D field and clicking the "Create" button. The action performed by the button is
echoed in the HIPE Console (see Figure 8.3).

= HIPE =] [ =
File Edit Run Window Help
; hes s Bq
El console x _ 0| 4 PAL Storage Manager x =B
HIPE> mypool = simplePoolCreator( type='lstd|| ™
nhame="mypool" ) Paal: | ~| [Delee]
HIPE>
Pool ID: |mvpnn| Type: |\smre V‘ ‘ Creale‘
rStorag
Storage: | V‘ ‘ Delete ‘
Registered pool;
Add
|
3¢ variables X T
-
@ ip
°
@ sys
.

Figure8.3. Listing available pools

Under panel Storages appear a number of pre-defined storages. New ones can be created (Figure 8.4).
Moreover, pools can be registered on the storage by selecting the Storage and pressing "Add": A pop-
up window will appear with the list of the available pools (Figure 8.5).
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v HIPE -=]*
File Edit Run Wincow Help

: EQ@®®EaQ
El console x _ 0| db PAL Storage Manager x B

HIPE> mypool = simplePoolCreator( type='lstd||/"
nhame="mypool" ) Paal: | ~| [Delee]
HIPE> myStorage = ProductStorage()
HIPE> Fool ID: [mypool Type: |\smre V‘ ‘ Creale‘
~Storag
Storage: | v‘ | Delete |

Storage |D: Create

Registered pool:

e ||

19 variables x =g
-

@ ip

@ mypool

°

@ sys

36 0f 2032 MB L]

Figure 8.4. Adding new storages

- HIPE S =&
File Edit Run Window Help

E e m®m B
El console x — 0 || &b PAL Storage Manager x )

HIPE> mypool = simplePoolCreator( type='lstd|| ™
name="'mypool' ) Faol: | ~| [oetee]
HIPE> myStorage = ProductStorage()
HIPE> Pool ID: |mwuu| | Type: |\5ture " ‘ Crea\e‘
rStorag
Storage: |my§mrage (variable) v‘ | Delete |

Storage ID Ee

Registered pool.

v Add Pools to Storage *
pacs 3221226004 (Directory) B Add
pacs_3221226253 (Directory)

[ R | <nire_322 1225863 (Directory)

T standard (Directory)

W test (Directony

test2 (Directory)
test3 (Directory)

@ ip mypool (Variable)

@ mypool
@ Cancel oK
@ sys

34 0f 2032 MB .

Figure 8.5. Adding already existing storagesto the session

Saving data

In order to save a product into the local store we need to open a product storage, register a pool in it
and then save the product into the pool. Thefirst threeitems are discussed int he previous section. The
following example also illustrates how this can be done on the command-line. The last line actualy
saves the datain the store.

store = Product St orage()
myPool = Local StoreFactory. get Store("nyTest Pool ")
store. register(nmyPool)
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store. save(nyl nage)

Now the product "mylmage" is saved in the local store in the directory on local disk called
${HOME}/.hcss/Istore/myTestPool.

HIPE

File Edit Run Window Help
' BersOaQ

El Console x || save Products to Storage x —n

b

Products; [obs” ][4 Finer |

HIPE> rProduc
HIPE> obsid_3221226221

obsid_ 3221226222
HIPE> obsid 3221226223
HIPE> obsid 3221226237

obsid 3221226273
HIPE> obsid_3221226568

HIPE> myStorage.save( obsid_3221226239 )

2% variables x ==
-

@ myStorage

@ obsid_3221226221
@ obsid_3221226222
@ obsid_ 3221226223
@ obsid_3221226237
@ obsid_3221226239
@ obsid_3221226273
ERobsid 3221226568
@ sys -

Select Storage: | myStorage (Variable) 'H |5 Save ‘

41 o7 2032 ME sie

Figure 8.6. Save productsto Storage view

Saving in HIPE can also simply be done using the "Save Products to Storage” view (see Figure 8.6),
which allowsto easily save productsinto a pool by simply selecting those in your DP seesion and the
storage to use. Saving them in the storage occurs with the "Save" button at the bottom of the view.

Note that you can only save products, which means that if you want to save a Dataset of any kind -
Tabl eDat aset, Spect r unild or 2d Dataset etc. you need to wrap them in a product as is shown
in the following example

# create a Tabl eDataset with two columms index and xval ue

tabl e = Tabl eDat aset (description = -"A table")

tabl e[ "i ndex"] = Col um(dat a=I nt 1d. range(100))

tabl e[ "xval ue"] = Col umm( dat a=Doubl e1d( 100) . appl y( Randomnni form()))

Next we need to put in a product:

t Product = Product(description="A table")
t Product["nyTabl e"] = table
store. save(tProduct)

Placing things into products allows for the proper header information to be included. Products can be
wrapped within products (e.g., several images in a single product such as an observation) and each
level has its own metadata/header information.

Restoring data using the productBr owser

Restoring the data back into HCSS is more complicated asit is necessary to know the product URN in
the local storein order to retrieveit. However, asimple way to do thisis using the productBrowser().
We can aso use the Data Access view (see also HowTo on accessing data ):

store = Product St orage()
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nmyPool = Local StoreFactory. get Store("nyTest Pool ")
store. register(nyPool)
result = browseProduct (store)

Y ou can then query the available products in "myPool", select the one you need, add it to the basket
and then exit the pr oduct Br owser . The steps are shown in the following screenshot:

Window  Hely

A ibies Meta Dala
Creaoiz Creatinn Dade:  “nm Ky Tipe Camgp  value azd
Instrammwent: 1 | | |3trlnq |v| -- |- %
Mode| Hame: Applicable Dme: 01
|y 1o
Tull python query
lvarmble = pg |
Search
Produny Class: |[|ISS herschel. ladaaser, Fradun @ |‘| Feooaz : Saarch verslons ﬁ' SCMCh C Hermc ENIQ tescl tarm
Query resulls X results histed Fraduct
| Paeceripg neanen | Mads e[ Teps [ Coatar | Creating Late P -erochelindstases 2 il
| imzg | | | |Z008-05-01T10:57:08 . o A aedtuten Leteos Qo
_lenmzge | | | | |Z008-05-01T28:22:06 . W] deta Cita Add 1o |ILE Bushet @
& D Citanes
(1 1] ¥
Dounloask L result lsoed
|_nctruricn: | Modzidame | wpz | trester | tretenlate | start
v | | | |Z008-08-0CT10.37.08 .. [2108-28-1L
1] I H |
@ ok Apply Canvel

Figure 8.7. Restoring product from thelocal store using the pr oduct Br owser
These are the steps explained:

1. Select the product class to be of type Product

2. Click on "Submit" button to execute the search

3. Results for the products in myPool of type Product are shown in "Query result” view. Select the
one you want.

4. The selected product structure appears in the "Product” view: Attributes, Metadata and Datasets
are shown for this particular product.

5. Click with the right-hand mouse button on the product line (with the large "P" in front) opens a
menu with "Dataset inspector” and "Add to JIDE Basket". Select the second item. The selected
product will appear in the "Downloads" view.

6. Click "OK" to close the productBrowser().

At the end the reference to the product will be stored in the result variable and you can restore the
Simplelmage following this example:

print result
# [urn: MyPool 1: herschel . i a. dat aset . i nage. Si npl el nage: 0]

i mge = result[0]. product
If there is more than one result then we can refer to it with an index ([0] in the previous example).

The same way we can retrieve products which contain datasets (Tabl eDat aset or
Ar r ayDat aset ) instead of Si npl el mage.

Restoring data using command line queries
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We can search the local store for products with a given attributes. For example, querying the local
store pool "myPool" for products with description matching "An image":

quer y=Met aQuer y( Product, "p", "p. descri pti on=="An i nage'")
resul t s2=store. sel ect (query)

print results2

# [urn: MyPool 1: herschel . i a. dat aset . i mage. Si npl el mage: 0]

i mge = resul ts2[0]. product

The same as above, if there are more than one result then we can refer to it with the index.

8.4. How to Save Images and Tables as FITS
files

It is possible to save and read using command-line input or task dialogs in HIPE. For al task dialogs
it should be noted that the dialog appears in an Editor view window. To run the task via the dialog
always hit the "Accept” button to bottom right in the dialog box.

8.4.1. Saving with a Task Dialog

The simplest way to save data is using the si npl eFi t sWi t er task. It is required that the data
(image/table/set of spectra) are wrapped up as a product. An example product is an observation itself.
But we can wrap any dataset into a product so that the appropriate metadata (header information) and
history is available. Clicking on the name of any product will show this task available in the Tasks
under the Applicable Tasks folder. A double-click on the task (shown in green) brings up the ssimple
dialog shown in Figure 8.8.

| Editor % [ il
(@ new1 | QUERY_RESULT (& prod_2 | @ simpleFitswriter x ',
~lnput

product™: & prod 2

file ‘ || Browse... |

routput |

-info

Linknosn i
status:
-

nrogress. 0%

Figure 8.8. FITS savetask dialog.

The only option the user needs to fill in is the name of the output FITS file. The default directory
is the one that hipe was started from, so the full path name is usually required. Hitting the "Accept”
button runs the task.
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8.4.2.

8.4.3.

8.4.4.

Saving Using Command-line Inputs

The FITS reader and writer in HCSS is in the FitsArchive package. First, let's store the product
"mylmage" from our previous examplein aFITSfile.

fits=FitsArchive()
fits.save("testFits-filel.fits", nyl mage)

The file "testFits-filel.fits" will be saved in the folder from where you started up HIPE. Otherwise,
the full directory path should be supplied. It is a multi-extension FITS file with all the content of the
Simplelmage product. Here is the structure of the saved FITSfile;

No. Type EXTNAME Bl TPI X Di nensi ons( col ums)
0 PRI MARY 32 0
1 | MAGE i mge --64 100 100
2 | MAGE flag 16 100 100
3 | MACGE error --64 100 100
4 | MAGE exposure --64 100 100

How to Save TableDatasets as FITS Files

Once we have the TableDataset wrapped in a Product we can save it like all other products. We can
use the same FITS writing task from HIPE as noted above, or we can use a command-line method.
For example:

fits=FitsArchive()

nyTabl e = Tabl eDataset () # create an enpty table

nyTabl e[ " X val ues"] = Col um(Doubl el1d([2, 3.4,4])) # create fake colum
nyTabl e["Y val ues"] = Col um(Doubl eld([2,4.5,4.8])) # create 2nd col um
t Product = Product(description="This is a table") # create the product
tProduct["firstTable"] = nyTable # add in the table and give it a | abel
fits.save("testFits-file2.fits",tProduct)

The resulting structure of the saved FITSfileis:

No. Type EXTNAME Bl TPI X  Di nensi ons( col umms)
0 PRI MARY 32 0
1 BINTABLE table 8 2(3)
Col umm Nane For mat Di ns Units TLM N TLMAX
1 X val ues 1D
2 Y val ues 1D

We can see that the column names, which we named as"X values' and "Y values' arein thefile.

How to Read FITS Files

The si npl eFi t sReader task allows FITS files to be read in. Two types of FITS readers are
available -- for HCSS FITS and Standard FITS. You can let the software choose the appropriate one
or choose a specific reader (see Figure 8.9).

To run the command from the HIPE dialog, go to the "Tasks" view -- select the"All" tasks folder and
scroll downtosi npl eFi t sReader . A double-click on the name brings up the dialog. Once aname
isinput and the FITS reader chosen, click the"Accept" button to run the task and read in the FITSfile.
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[+ Editor % [
i« @ asciTablewirter & asciTableReader @ restore | © simpleFitsReader x s
~lnput

file* : | || Browse... |

reader : | Herschel reader if possihle, standard if not - |

-output

product not available Wariable to be created

-info

LR K2 =
status:
-

progress: 0% |

Figure 8.9. FITSread task dialog.

8.5. How to Create and Read ASCII Table
Files

Inthiscaseitisnot necessary to put the TableDataset in a Product and we can directly save the Dataset
to an ASCII file. As for FITS writing, we can do this from within a HIPE task dialog or from the
command-line.

8.5.1. Using HIPE Task Dialogs to Create and Read
ASCIl Tables

If we click on a variable that is a TableDataset -- such as "myTable" in the example above -- in
the Variables view of HIPE, then we see that an Applicable Task in the Tasks view window is
asci i Tabl eWi t er. Double-clicking on this task brings up adialog for creating an ASCI|I table.
The ssimplest way of formulating an ASCII table is to take the defaults and simply fill in a name for
the output table. But more sophisticated options are available (see Figure 8.10).
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| Editor x

4

mh_: prod_2 1’(‘6 simpleFitSWriterj @ asciiTableWriter X “& asciiTableReader 4

clnput

,.
4l

file: |
table®: & myTable

configFile | |

configFileCutput @ | |

formatter w =none specified=

formatterHeader |fa|se i |

farmatterCommented : |fa|se i |

formatterCommentPrefi : | |

template : ® =none specified=

(output |

rinfo

unknown =
status:
-

progress: 0% |

Figure 8.10. FITS save task dialog.

The other possible inputs for the task are the following (this information is also available by hovering
the mouse over the parameters shown in the dialog).

* file = output file name.

* table = Tabl eDataset to wite.

* configFile = configuration file where the formatter

(Ascii Formatter), parser (AsciiParser) and table tenplate

(Tabl eTenpl ate) nust be specified. Wen configFile paraneter is specified,
any paraneter related to parser or to table tenplate are not all owed.

* configFileQutput = if a config file is specified, an output configuration
file will be created.

* formatter (default AsciiTabl eTool formatter) = Ascii Formatter object.

* formatterHeader (default Ascii Formatter header all owed) = Specifies

if header information to be provided (true/false).

* formatter Commented (default Ascii Formatter comments all owed) = Specifies
if there are conments when witing a file (true/false).

* formatter Comment Prefix (default Ascii Formatter comments prefix value) =
Specifies what the prefix is for identifying all comments.

* tenplate (I NPUT, default value: extracted fromthe first file rows) =
Tabl eTenpl at e obj ect for specifying the data structure (see DP Basic User's
Manual for nore details).

Clicking on"Accept" at the bottom of the task dialog window runsthetask and createsan ASCI| table.

Reading an ASCI| table into HIPE can be done using theasci i Tabl eReader . Go to the "Tasks"
view and open the folder "All". Double-click on the word asci i Tabl eReader . This provides a
dialog. For standard CV S tables the only thing that needs to befilled in is the file name of the ASCII
tableto beread in. More

* file = input file containing ASCII| table.
* tabl e = Tabl eDat aset obj ect name for | oaded table.
* configFile = configuration file where the formatter (AsciiFormatter),
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parser (AsciiParser) and table tenplate (Tabl eTenpl ate) nust be specified.
When configFile paraneter is specified, any paraneter related to parser or
to table tenplate are not all owed.

* configFileQutput = if a file is specified, an output configuration

file will be created.

* parser (default Ascii Tabl eTool parser) = Ascii Parser object.

* parserlgnore (default AsciiParser ignore val ue)

= String expression to ignore when parsing a file.

parser Ski p (default Ascii Parser skipping rows value) = Nunber of rows to
skip when reading a file.

* parserTrim (default AsciiParser trimrows value) = Specifies if the parser
must trimeach row when reading a file (true/false).

* parserQuess (default value AsciiParser. GUESS NONE) = specifies if

the parser shoul d guess columm types. Files should not contain HCSS header
(use ski p=Asci i Reader. HCSS HEADER f or ski ppi ng HCSS header or comment these
i nes)

*

Val i d options:
0 AsciiParser. QUESS NONE: (default) file nust contain tenplate
or tenplate nust be provided (no guess)

0 Ascii Parser. QUESS TRY: guess types based on the first 100 records

0 AsciiParser. QUESS ALL: guess types based on all records

0 AsciiParser. ALL_STRING each record is a string (no guess required)

0 AsciiParser. ALL_BOOLEAN: each record is a bool ean (no guess required)
0 AsciiParser.ALL_BYTE: each record is a byte (no guess required)

0 AsciiParser.ALL_| NTEGER. each record is an integer (no guess required)
0 AsciiParser.ALL_LONG each record is a long (no guess required)

0 AsciiParser. ALL_FLOAT: each record is a float (no guess required)

0 AsciiParser. ALL_DOUBLE: each record is a double (no guess required)

0 AsciiParser. ALL_COWLEX: each record is a conplex (no guess required)

* parserDelim (I NPUT, default value: comm) = Specifies the field delimter.
If it is one character, a csvParser is selected. If it is an expression,

a RegExpParser (regular expression) is selected.

* tenplate (I NPUT, default value: extracted fromthe first file rows) =
Tabl eTenpl at e object for specifying the data structure. See Tabl eTenpl at e.
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| Editor X =

ir @ asciiTableiriter | ® asciiTableReader X & restare ‘ﬂ- simpleFitsReadear 4

rInput

| E

canfigFile : | |

configFileCutput : | |

parser: = =none specifieds=

parserlgnore | |

parserlgnoreyyarn © |fa|se vl =

parserSkip | |

parserTrim |fa|se 'l |88

parserGuess : |D |

parserDelim : | |

parsekames : |fa|se Vl |1

template = =none specified=

~output

tahle nat availahle ‘fariahle to be created

rinfa

Linknon -1 ]
status: |1
-| [

progress: 0% |

Clear | Accent |

Figure8.11. FITSread task dialog.

8.5.2. Using Command-line Input to Create and Read
ASCII Tables

We can also do simple ASCI| table creation from command-line inputs.

ascii = Ascii Tabl eTool ()
ascii.save("testAscii-filel.txt",table)

To read the table in again we need to "load" it using the same tool.

ascii = Ascii Tabl eTool ()
tabl e=ascii.load("testAscii-filel.txt")

Loading uses the same parser/formatter (see below for how this may be changed) as is applied for
saving.

By default the table is saved as a coma-separated-value file with 4 header lines, for example

X val ues, Y val ues # col utm nanes
Doubl e, Doubl e # colum data types
, # colum data units
# description of the colum
# the data start fromthis |line

> W
oh~oO
INENEN)
© v o

Thedefault output delimiter can be changed to another symbol, likeis shown in thefollowing example:
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ascii.formatter = CsvFormatter(delimter = -'*")
ascii.save("testAscii-file2.txt",table)

Or the columns at output can have a fixed width using the FixedWidthFormatter with an indication
of the column widths given.

ascii.formatter = Fi xedW dt hFormatter (sizes=[8, 12])
ascii.save("testAscii-file3.txt",table)

More information on creating and reading tablesis available in the DP Basic User's Manual .
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9.1. Introduction

This chapter provides several examples that show you how to create and customize plots from the
command line and from the HIPE graphical interface.

For an extensive description of the plot package, including its structure and philosophy, seethe User's
Manual: Chapter 6.

9.2. Simple plots from the command line

In order to illustrate the steps to produce simple plots we need an input x and y variables:

x = Doubl eld. range(11)
y = X*x
1. Simpleplot:

from herschel .ia.gui.plot inport *

pl ot = Pl ot XY()

pl ot . aut oBoxAxes=1

| ayer = Layer XY(X,y)
pl ot . addLayer (| ayer)

2. Overplot asecond x and y dataset

x1
yl

10. 0* Doubl eld. range(11)/10.0 -- 5.0
x1**3.0

Note that we do not need to repeat all plotting commands from the above example, we simply add
anew layer

| ayer2 = Layer XY(x1,y1)
pl ot . addLayer (| ayer 2)

And we note that the axis ranges are expanded correspondingly and that the new layer is with a
different colour.

3. Change the plot title and subtitle

plot.title.text="Exanple plot"
plot.subtitle.text="two | ayers"

or if you don't want to have plot title and subtitle you can switch them off

plot.title.setVisible(0)
pl ot.subtitle.setVisible(0)

4. Changethe axislabels:

pl ot. xaxis.title.text="X-val ues"
pl ot.yaxis.title.text="Y-val ues"

5. Change the axis ranges

107



How to plot in HIPE

pl ot. xaxi s. set Range([-2.0, 2.0])
pl ot. yaxi s. set Range([-10. 0, 10. 0])

or go back to the auto range

pl ot. xaxi s. set Aut oRange( 1)
pl ot. yaxi s. set Aut oRange( 1)

6. Change the tick marks spacing and then the number of minor tick marks

pl ot. xaxi s. get Ti ck().setlnterval (3.0)
pl ot.yaxis.getTick().setlnterval (30.0)

and to have 5 minor tick intervals between the major tick marks (which means 4 minor ticks)

pl ot . xaxi s. get Ti ck(). set M nor Nunber ( 4)
pl ot. yaxi s. get Ti ck().set M nor Nunber ( 4)

7. Draw grid lines

pl ot . xaxi s. get Ti ck().set GridLi nes(1)
pl ot.yaxis.getTick().setGidLines(1)

Note that the grid lines are drawn at the major tick marks.
8. Change the axis from linear to log

pl ot . xaxi s. set Type( Axi s. LOG)
pl ot . xaxi s. set Type( Axi s. LI NEAR)

Warning

O Theaxisranges need to be positive otherwise valuesareignored in the LOG plot. When
returning the plot back to LINEAR, all points are made plotted again even if some had
been dropped in the LOG plot.

9. Changetheline style for agiven layer
| ayer . set Li ne( Styl e. NONE)
Theline styles for setLine() can be
» StyleNONE - symbols only
» StyleMARKED - symbols connected with lines
e Style.SOLID - solid line, no symbols
» Style. DASHED - dashed lines
» StyleMARK_DASHED - symbols connected with dashed lines
Note that in the MARKED styles the default plotting symbol is used

10.Change the plotting symbol and its size. In order to have an effect you need to change theline style
first to be one of NONE or MARKED styles

| ayer . set Li ne( Styl e. NONE)
| ayer . set Synbol ( Styl e. FSQUARE)
| ayer . set Synbol Si ze(10)

The symbols can be;
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Table 9.1. Symbols codes

DOT=1 adot VCROSS =2 a"+" sign
DCROSS=3 an"x" sign VDCROSS =4 a"+" +"x" sign
CIRCLE=5 an empty circle TRIANGLE =6 an empty triangle
UTRIANGLE =7 an empty upside-down|SQUARE =8 an empty sgquare
triangle
SQUARE_CROSS=9 |an empty square +"x" |DIAMOND =10 an empty diamond
DIAMOND_CROSS=1hadiamond + "+" OCTAGON=12 an empty octagon
STAR=13 an empty star FCIRCLE=14 afilled circle
FTRIANGLE=15 afilled triangle FSQUARE =16 afilled square
FDIAMOND=17 afilled diamond FOCTAGON=18 afilled octagon
UARROW =19 an up arrow DARROW =20 adown arrow
RARROW=21 aright arrow LARROW = 22 aleft arrow
DARROW_|L ARGE=28alarge down arrow UARROW_TRIANGLEa large up triangular
=24 arrow
DARROW_TRIANGL Ea large down triangul ar
=25 arrow
Note
@ You can use either the code or the numeric value for the symbol, that is,

setSymbol (Style.FSQUARE) is equivalent to setSymbol (16).
11.Change the colour of the symbols and lines for agiven layer
| ayer. set Col or (j ava. awt . Col or. RED)
12.Show or remove the legend for the layers
pl ot . set LegendVi si bl e(1)
and we can aso removeitt
pl ot . set LegendVi si bl e(0)
13.We can aso change the legend name for a given layer
| ayer. set Nane(" Test 1")
and we can also remove the legend for a particular layer if we don't want it to appear on the plot

| ayer. set | nLegend(0)

14 Histogram mode. Y ou need to be in MARKED or SOLID line style for this mode to work:

| ayer . set Li ne( Styl e. MARKED)
| ayer.styl e. set Chart Type(Styl e. H STOGRAM

Thechart type can be HISTOGRAM - thedatapoint isinthe middl e of the histogram horizontal bar,
HISTOGRAM_EDGE - the data point is on the edge of the histogram horizontal, LINECHART -
the data points are connected with lines.

15.Add error barsto x and/or y values. First we need to create arrays with errors
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Xerr
yerr

SQRT(x)
SQRT(Y)

| ayer. set Error X(xerr, xerr)
| ayer.setErrorY(yerr,yerr)

Note that the upper (the first argument to setError() method) and the lower (the second argument
to setError() method) error limits can be different.

16.Add an annotation

| ayer . set Annot ati on( 0, Annot ati on(6. 5, -10, "Test", col or =j ava. awt . Col or. GREEN) )

17.Y ou can use math and special symbols for text labels in your plot. It is possible to use TeX-like
formatting of strings. In particular, entering math mode using a $ symbol it is possible to insert
Greek characters, e.g. using\ \ al pha or\ \ bet a. Superscripts are preceded by the” symbol and
subscripts by the _ symbol. For example the following can be used to set the title of the x axis:

plot.xaxis.title.text="$A {1.3}"{b-3/2}%"
plot.xaxis.title.text="$\\al pha_{1.3}7{\\beta-3/2}$"

Note that it is necessary to use "\\" to escape the "\" symbol from the command line. A single
backslash should be used in the Property Panel window instead.

Warning
o Not all special symbolsare available. If the symbol isnot availableit will betreated as
normal text by the interpreter. For example, $\ \ Al pha$ will be rendered as\Alpha.

The available specia symbols are the following:
» All the lower-case Greek |etters.

» Thefollowing upper-case Greek letters:\ Ganma, \Delta, \Theta, \Lanbda, \ X,
\Pi, \Sigma, \Upsilon, \Phi, \Psi, \Onega.

e The\ angst romand\ m cr o symbols.
To insert other symbols you can use the Unicode escape sequence \ uxxxx, where xxxx isthe
hexadecimal code of the symbol. For example, \ u2299 corresponds to the circle dot operator,

which can a'so be used as symbol for the Sun.

For alist of Unicode sequences see for example http://www.utf8-chartable.de/.

18.Change the plot window size. Y ou can resize the window with the mouse or you can specify the
desired window size once you have added layers to the plot

pl ot . set W dt h(400)
pl ot . set Hei ght (300)

19.Save plotin afile

pl ot . saveAsJPGE "nyfile.jpg") # JPEG format
pl ot . saveAsEPS("nyfile.eps") # Encapsul ated PS
pl ot . saveAsPNE "nyfile.png") # PNG for mat
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9.3. Interacting with plots using plot
properties GUI

Once you have done steps 1., 2. and/or 3. from the above then most of the following interactions with
the plot properties, i.e. steps from 4. on from the previous section, can be done via the plot properties
GUI. To open up the plot properties GUI you need to click with the right-hand mouse button and
choose "Properties..." entry in the menu. Thiswill bring up the following window:

Herschel Property Panel ;IE'EI

= [= Plot
—- = Subplot 0
— = D:layer 0

I: @ X0
@ Y
—- = 1:layer 1

I:EI}{EI
@ Y1

‘ Ay H Fefresh H Save as Default

Figure9.1. Plot propertiesinitial windows.

On the | eft frame of the window we can see the hierarchical structure of the plot we created following
steps 1., 2. and 3. from the above example: we have the root el ement our plot and we have two layers
added on top of it. Each layer has also sub-objects for the x and y axes. Navigating to each of these
elements we can change the properties for each of the items.

1. First, let's enter the Plot properties:
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Herschel Property Panel

= &= [
~ [ Subplot 0
S Dlayer 0
|: @ X0
@ i
== [= 1:layer 1
@ ®0
@ Y1

=101 x|
Plot Size
[¥] Auto fit chart size for display size
Flot Size nch) [14.803 ||3.022 |
Chart Size tinch) [16.198 ||4.996 |64 Auto ad)
Scale (ppi) [43.833 |
Display Size (g 710 218 |64 Auto ad)
~Misc Properties
[¥] Auto create hox axes for baselayer
[vl Auta line colors are multicolored
~Title
vl Visible | TOPCEMTER ¥ | [Lucida Sans,014 [ _Change..
Test |Observation: 268513334 |
~Subiitle
[¥] Wigihle |TOF'CENTER - | ||:ida Sans,049 || Change...
Teuxt |’|d: YWEBE-H, activeband: 3b, lofrequency: 868.000%, sds_type: culdl
~Legend
v visible | BOTTOMCENTER ¥ | |5erif0,20 [ change...

| Apply || Refresh || Save as Default |

Figure 9.2. Plot propertiesitems

The different base plot entries are self-explanatory and they can be changed interactively and
applied. Also, if you plan to reuse some of them for al subsequent plots you may save them as

default.

2. Layers properties
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B Herschel Property Panel =10l x|
= & Plot ~Layer
=~ [= Subplot 0 Remove

= [= NREVEIR] Mame |Iaﬁ,ferD
@ X0
@ Y .

=== 1laver 1| || Z-Order |I:| Add Annotation
@ X0
@Y Layener

¥l shown in legend

~Sityle

Chart Type | LINECHART -]
Syrbol | Z-YCROSS |
Calor |
Size |7.0 |
Stroke [0.5 |
Line Style | SOLID

Dash Array |6.0,6.0

| Apply || Refresh || Save as Default

Figure 9.3. Layer'sproperties

These are the property entries at alayer level, they are the samefor al layers. From this panel you
can a'so add annotationsto the plot. Note that this annotation is attached to the corresponding layer

so any change in layer colour will affect the annotation as well.

3. Axes properties
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Herschel Property Panel

—- = Plot
- = Subplot 0
“ = Dlayer 0
ol
@ Y
=== 1:layer 1
@ %0
@ Y

=10/ x|
xS
vl Visible | BOTTOM v | [ Inverted ® Linear
Cnlnr. [¥l Lock R i Logarithmic
Range
Start [-6.0
[v] Autoranoe =l T om
Title
V] visible | BOTTOM v | |serif,14 |[_change..
Test [ §A4_{1.30{h-32)5 |
Ticks
i visible | TOP v | ] Grid lines
Nurnber [11 | V] Auto adj.
Intervaliofiset [2.0 |[0.0 | [Vl Auta
Win. nurnber |3 | v Auto
“alues |-6.0,-4.0,-2.0,0.0,2.0,4.0,6.0,8. . .
HeightiMin.H (0.1 ||0.05
~Label
vl visible | BOTTOM v | |Arial Italic,0,22 |[_change...
Interval C : Align D
1 ? 3 4 5 1 Wertical
Format |%.0f | vl Auto
Labels |-6,-4-2,0,2,4,6,5,10,12,

| Apply || Refresh || Save as Default |

Figure 9.4. X-axis properties

Here you have almost complete control over the axis properties: range, title, tick marks and minor
tick marks, axis label. And different radio buttons allow you to turn on/off auto features.
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Herschel Property Panel ] w2

= Plat Axis
(= Subplot0 | || ] visible [LEFT w | [] Inverted ® Linear
= D:layer 0 Type -
@ ¥i Cnlnr. V] Lock r Logarithrmic
@ m Range
& Tilayer 1 Start [-150.0
@ X0 [v] Autoranoe e
o v nd [150.0
Title
vl visible | LEFT v | |serifo,20 |[_change..
TEk‘t|ﬂux |
Ticks
Wi visible | RIGHT v | ] Grid lines
Nurnber [11 | V] Auto adj.
IntervaliOffset [50.0 |00 | [Vl Auta
Win. nurnber |4 | v Auto
Values |-150.0-100.0-50.0,0.0,50.0,100.0,150.0
) 1 1 1 | 1 1 1 E ,Il:ll'utl:l
Minar Yalues |20.0,30.0,40.0,60.0,70.0,80.0,80.0,110.0,120.0,130.0,140.0,
HeightiMin.H (0.1 ||0.05
Lahel
vl visible | LEFT v | |anial Bald,0,20 |[_change...
5! . i Horizontal
Interval Align
1 ? 3 4 5 1 Wertical
Format |%.0f | vl Auto

Labels |-1 50,-100,-50,0,50,100,150,

| Apply || Refresh || Save as Default |

Figure 9.5. Y-axis properties

4. Printing of a plot. In the menu which pops up when you click with the right-hand side mouse
button you have "Print..." menu which allows you to send the plot directly to a printer (if you have
configured one for your system).

5. Saving the plot. In the menu which pops up when you click with the right-hand side mouse

button you have "Save as..." menu which allows you to save the plot in different image formats:
Encapsulated PostScript file (EPS), JPG or PNG files.

Note
@ For plots, layers, annotations or axis titles when using the TeX notation you should not
escape the "\" symbol, that is you can directly use $\apha$ in the text field of the GUI.

9.4. Advanced plotting

Here we introduce some more advanced plotting. Most of these are explained in greater detail and
with examplesin the User's Manual: Chapter 6.

1. Multiple plots per window.

115



How to plot in HIPE

When we add layers to the plot we can specify their position on a grid as in the example below
which places 4 layers onto a 2x2 grid (running indeces from 0,0 to 1,1).

pl ot = Pl ot XY()

| ayer = Layer XY(X,Y)

layer1l = Layer XY(x1,y1l)

| ayer1x = Layer XY(x1, y1/5.0)

| ayerly = Layer XY(x1/5.0,y1)

pl ot . addLayer (| ayer,0,0) # top |eft

pl ot . addLayer (| ayer,0,1) # top right

pl ot . addLayer (| ayer,1,0) # bottom | eft
pl ot. addLayer (Il ayer, 1,1) # bottom ri ght

Now, if we open the plot properties GUI we have all four layers and we can change each one of
them if necessary. We can interact with each layer and changeits propertiesfollowing the command
line methods too.

2. Create aplot in batch mode.

Thisis useful when you have many layersto add to the plot and you want to avoid to have the plot
window redrawn and reajusted each time a new layer is added. From the above example:

pl ot = Pl ot XY()

pl ot. set Bat ch(1)

| ayer = Layer XY(X,Y)

layer1l = Layer XY(x1,y1)

| ayer 1x = Layer XY(x1,y1/5.0)
| ayer ly = Layer XY(x1/5.0,y1)
pl ot . addLayer (I ayer, 0, 0)

pl ot. addLayer (| ayer, 0, 1)

pl ot. addLayer (I ayer, 1, 0)

pl ot. addLayer (I ayer, 1, 1)

pl ot . set Bat ch(0)

9.5. Plotting table datasets with the
TablePlotter

You can plot table datasets with the TablePlotter tool. You can find more information about
TablePlotter in the User's Manual (Section 4.15.1) and in this HowTo's Manual (Chapter 10).
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Chapter 10. HowTo Inspect and Plot
Dataset Tables in HIPE

Herschel Editorial Board

10.1. Introduction

ThisHowTo isadescription of how to create and inspect asimple TableDataset in HIPE. It will walk
you through the necessary stepsto create adummy TableDataset, if you don't already have one--using
the command line window. Wewill show you how to manually inspect the valuesin the table and, then
use TablePlotter to plot datawithin thetable, NOTE: Currently it isnot yet possibleto run TablePl otter
within HIPE, but this option will soon become available.

A Tabl eDat aset is made up of a number of columns. Each column contains an
ArrayDat aset (data), a description and a quantity value associated with the Ar r ayDat aset .
Each Ar r ayDat aset can have up to 5 dimensions and can be of varying types.

Constructed on 2008/06/23 19:14...

10.2. Steps to creating and viewing a simple
TableDataset with the HIPE GUI

These are the stepsto follow to create, view, and plot graphs of a TableDataset within HIPE.
1. Step 1: Open HIPE's "Welcome" window and click on Workbench Icon

2. Next we assume here that you do not have a TableDataset loaded into your session. If you
already have one loaded into HIPE, then skip to the next item. Otherwise read on. Type the
following commands into command-line window containing the "|A>>" prompt (bottom center in
the default view). In the example given here, we will create a Tabl eDat aset with 3 columns
each containing a 1D dataset, one being a sequence of numbersfrom 1 to 100, the second being the
sine value of each of the numbersin the first column, and the final column containing the values
in the first column multiplied by 100. The column names are x, si n andy respectively.

from herschel . share.unit inport *
x = Doubl eld. range(100)

t = Tabl eDat aset (description="This is a table") # @

t["x"] = Columm(data=x, unit=Duration. SECONDS) # ©
t["sin"] = Colum(data=SI N(x),description="sin(x)") # ©
t["y"] = Col um(data=x*100, descri pti on="x*100")

© Thissets up the table dataset with an associated description

® Thiscreatesour first column which hasthe data, x and its associated units, which in this case
isatime duration of SECONDS.

©® Herewe have applied the SI N function from the numeric package, and we have also added
adescription for the second column.

Notice that when you create the variable x and the TableDataset t, they appear in the "Variable"
window in the top right.

3. Next wewishto view thetablewe have created. Move your cursor over theitem "t" inthe Variables
window and right mouse click on it. Choose the OPEN WITH option in the drop-down menu and
select Dataset Viewer. At hispoint aview of the tablewill appear in the Editor window and you can
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scroll down and view the table, and expand it if necessary using the cursor and left-mouse clicking
at the boundries of the window to re-sizeiit.

4. Now we wish to view the table in the TablePl otter task. Again right-mouse click on theitem "t" in
the variable list and select OPEN WITH item "TablePlotter”". This will bring-up the TablePlotter

GUI in its own window. A complete guide to the TablePlotter is found in the Herschel DP Basic
User's Manual. We list below a brief guide to TablePlotter.

10.3. Guide to TablePlotter Controls and their
functions

The TablePlotter provides the following control buttons to view and analyze data.

53150 — ) Display Style
—_ ] Lines: SOLID -
—i ] p L —
ponre — Symbols:
S LT Y =l
— ' : 1 i ize:
o - A ; : = =
= & | show an | in_ |1 i
| e
é 53050 | Mavigation
o - T T
< i t | A
L ]
s
'5 53000 —] 4mm Fast| mmp | G0
E - —[ 0T+
o ]
rSelections
52050 |
= Hide X | Unhide O
] | : : : ' Excl, Select | Unhide Al
||||||||||||||i||||1||[||||i TTT ".7!.1!'1!?!‘11(.1<:v|I
420 440 460 430 500
odract || Preferences

TIME(s)

x0=1551555400
2007-03-02 19:36:07UTC)
X-axis: ¥-axis:

r . .
TIME v ’—05 ‘FHOTFARRAYI]D‘I v |_4£

Figure 10.1. Example of the TablePlotter Gui.

e X and Y- Axis Selection:

Under the graphics display area, two sets of Combo Box buttons and spinner buttons allow usersto
select X and Y-axis data. Thefirst column of the TableDataset is associated with X-axis by default.
The second column isinitialy associated with the Y -axis.

Users can choose a column by name in the Combo Box and by number in the spinner.
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Fast forward/backward selection of columns in the spinner can be achieved by holding the left
mouse button down and moving the mouse up or down to select.

* Display Style:

The control buttonsin this section allow to change the axis style (linear or log), line style (solid or
dashed and more), and symbol style.

™

I/I—I

U lin log t lin
The default axis scaling islinear. Thetoggle buttonsl. =—= |/l === |and|
allow to switch between linear and logarithmic scalesinthe X / Y axes respectively.

The pull-down menusof Linesand Symbolsallow to select line styleand symbol style. The selection
of symboal stylesis only available when the line styles are either MARKED, MARK_DASHED or

NONE. To increase or decrease the symbol size, click either | or E

1 |
Another toggle button Show Al I/l Sel ooy | determineswhether all datapointsor only

the selected ones are shown (see detail in Selections below).

* Navigation:

[ |
LW w
. . . f H .
Two buttons are provided to simultaneously zoomin and zoom out | lin both X and
] ]

— 4=
Y directions. The buttons | and —il zoom out individually in either X or Y direction .

-=11

Four buttons with arrows

pan the view onto the graph in X

orY direction.
Fast Slow
The size of each zooming or panning step is controlled by atoggle button / and
—
Preferences

the exact factors of both fast and slow modes can be adjusted inthel___— — — ~ "~ | menu (for
details see the Preferences section below).

ToZoom-inon specific areasof the graph, presstheleft mouse button, and hold-and-drag arectangle
around the area of interest with the mouse pointer.

There are three Free Scaling buttons. Thel__"__| button will adjust the scales of both axes such

|l
that all visible datapoints are optimally distributed within the display, while and|
will do the same but for either X or Y axis alone.

» Selections:
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The selection feature of TablePlotter allowsto hide or select aparticular portion of the data points.

]
In combination with Shaw A A Sal Only | in the Display Style section, and Multi

Column Mode, this feature can be used to display only selected data to get fast automatic scaling
when scanning through many columns of data. The main purpose, however, is the extraction of
specific data pointsinto new datasets. A typical purpose could be for instance to remove electronic
glitches from detector data, or to extract a specific piece of signal from a sequence of instrument
configurations.

11 1\ ]
Hide X || Unhide OO || Excl. Select

The following buttons | l, hide, un-hide or
exclusively select all data points within a rectangular area in the plot. This area is selected after
pushing one of those three buttons by holding and dragging the mouse pointer in the same way as
for zooming in.

1
mhide All
Clicking the button L_—1H1de All | 1 e select all hidden dta points

m |
If the | SHUTTENE COl | dle button isvisible, the TablePlotter is in single column mode. In this

mode hiding or selecting operations will only apply to the current column. Clicking on this button

]
I
will toggle into al columns mode and the button will change to Lﬂlsl]]]]l Now all the
columns are affected and selections are done based on the selected interval s on the X-axisonly. The
Y -coordinate will be ignored in this mode.

1
Sheny Al

InL_— "~ Imode the hidden data points will be marked with red symbols. See Figure 10.2
| |
Show All Sel Only

below. Clickingon._—_—"" " |togglestoL_—__— ° |mode, whereall hidden data points
disappear from the graph.
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Display Style

Lines: soLio :
Symhols: |]
==

| show Al | lin_[1n |

Size:

rNavigation

**' LY
t | Ax

omm | Fast | mp | 57

=3

SPECFARRAY066(1)

rSelections

Hide X

Unhide O

- Excl. Select

Unhide All

= Al Cols [T

| Extract ||Preferen¢ea

400 40.5 4.0

TIME(s)

X0=1544735710
2006-12-13 21:14:37(UTC)

X-axis: y-axis:

TIME v

‘SPECFARRAYDEE v

Figure 10.2. The plot with selected and hidden data points.
Dataset Extraction:

To extract a subset of the data after performing the necessary selection operations, press the

EEEEE—
Extract

|#=————|hutton. The selected datawill be extracted into anew dataset that will be fed back

to Datal nspector, where it will appear in the leftmost panel under "Datasets'.

e
If Mﬁs selected, only the selected data pointsin the currently displayed column will

be extracted.
All Cols [[l]]'

IfL" " =77 = s selected, the selected data points in all the columns become available for

Extract

extraction. After clicking l#=—————*1, a column selection window will pop up to allow users
to Add individual columnsor Add All columnsto alist. Users can also Removeindividual columns
or Remove All. Up and Down buttons allow to change the order of columnsin the new dataset.

Hitting the Close button will complete the extraction and an option is provided to change the default
name of the new dataset.
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» Preferences:

Finally the Table Plotter proivides a Preferences menu with two options. The first one is Set
properties... where preferred zooming and panning factors for Fast and Slow modes can be set.

hd TablePlotter Property Panel =[B*

~foom Out Factors

Fast Factor €9: |140 |

Slow Factor ¢4: [105 |

~Pan Factors

Fast Factor o) |25 |

Slow Factor G |1 |

ok || cancel || reset |‘

P A

Figure 10.3. Preferences: Set Properties

The second one controls the display of Complex Data. TablePlotter allows only one graph to be
displayed at atime. Here the user has three choices: plot modulus only, plot real part only, or plot
imaginary part only.

The selected preferences are stored in a properties file and will be "remembered” in the next call
to Table Plotter.
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11.1. Introduction

HIFI spectracan bevisualised in several ways, at variouslevelsof sophistication and user-friendliness.
At the lowest level, individual X and Y axis values can be extracted and units applied and the basic
plotting facilities of the PlotXY package can be used (see "HowTo Plot" and the "HIFI DP User's
Manua" for more details). However, a simpler way for most users of HIPE is to use the " Spectrum
Explorer" package.

11.2. Obtaining a Spectrum from an
Cbser vat i onCont ext

Most users will obtain spectra from downloading observations from the Herschel Science Archive
(HSA). The main product form of an observation is referred to as an Cbser vat i onCont ext . An
bser vat i onCont ext contains al the components of an observation, including all calibrations
needed for repeating pipeline processing data. The full observation download from the HSA includes
all levels of processed data from level O (raw data) to level 2 (final pipelined product).

An observation context can contain many spectral products (e.g., from all 4 spectrometers of HIFI)
at each of the different levels of processing.

We can consider a HIFI Gbser vat i onCont ext called "prod" which has been downloaded from
the HSA. A double-click on the variable name "prod" in the "Variables' view of HIPE provides an
outline view of its contents in the "Outline" view (see Figure 11.1). This shows the containers of
spectra at the different processed levels (also quality and calibration information associated with the
observation). If we now open the level 2 folder and click on the product (highlighted in Figure 11.1),
we get aview in a new "Editor" window like the one shown in Figure 11.2) -- after expanding out
the folder labeled 1030.

At present, the HIFI spectrometers are identified by the values 1028 = HRS H polarization, 1029 =
HRS V polarization, 1030 = WBS H polarization and 1031 = WBS V polarization. In this case the
1030 folder under level 2isthefinal, processed data product from Standard Processing at the Herschel
Science Centre of WBS H polarization data. The folder labeled "1" contains the first (and in this case
only) final product. A double-click on product(load) -- highlighted in Figure 11.2) -- provides access
toalisting of the metadata and the final dataset (scroll to bottom of "Editor" window) whichismarked
with agreen dot beside it.

We can display thisfinal spectrumviaaviewer called Spect r um Expl or er . Aswithall viewersin
HIPE -- click with right mouse button on the dataset word, choose "Open With..." from the menu that
appears and then click on the words " Spectrum Explorer". This will display a new "Editor" window
with a blank spectrum display (initially). To fill in the spectrum the user needs to click on the four
boxes (Iabel above shows 1, 2, 3 and 4) to the |eft under the plot or simply clicking on the box under
"ALL". Thisfillsinthe 4 sub-bands of 1GHz wide CCDsthat make up the full backend spectrum from
aWBS spectrometer (see Figure 11.3). An appropriate legend is automatically created.
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Figure11.1. Accessing the level 2 (final) processed product from an obser vation.

] Editor x =]
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name ] value ~unit description
type Lnknown Product Type ldentification
creator Linknown Generator of this product
creationDate |2008-09-16T12:36:01Z Creation date of this product
description |Unknown MName ofthis product
ingtrument  |Unknown Instrument attached to this product
madelame |Unknown Maodel name attached to this product
stariDate 2008-09-16T12:36:01Z Start date of this product
endDate 2008-08-16T12:36:01F End date ofthis product

';ﬂ@ Datasets
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@ ftype: herschelhifipipeline.product Datasetiirapper
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Figure 11.2. Editor view showing access to the final WBS H polarization spectrum from within the full
observation tree.

124



HowTo D

isplay Spectra

L AO e DO

] Editor %

[(=mi

¢ &

-

(o hiﬂrhgsap..-.aached.p_y\Q'E:_: prod.refs .\].productKE—: prad.refs.. ].product ‘1‘“’1 410 ¥

=== User areas
#-13 Home Folder

- 8 File System

Observation: 3221226046

bk end: WES-H, activeband: OFF,
lelrecquency: 0.0000, sds_type: scienes

flux

Frequency scale (IVHz)

L
4000 4300 000 400 AO00 G800 000 TH00 OO0 EAQ

s
112]3]4

IN_ATT |frmon_valid | bitshit | rowflag |

hbtype | Choppe

0 =

[true o o

|6031

|-1.097281

| »

Figure 11.3. Display of a test data (no source) produced by the HIFI

Spect runExpl orer.

An example of a SPIRE spectrum is provided in Figure 11.6. Here we can input (say) a FITS file
using the "simpleFitsReader" available in the Tasks view (see Figure 11.4). It isalso possible to input
aFITSfile by simply double-clicking on it in the directory display of the Navigator view of HIPE.
The variable created ("product1” in this case) can be seen in the Variables menu. Click on thisand the
Outline is shown and it can also be opened by double-clicking. This provides access to the metadata
and datasets (see Figure 11.5). Click on the spectrum dataset (with the green dot next to it) and the
SpectrumExplorer is started with adisplay of the spectrum (click the " 1" symbol to bottom left). This

will then show a spectrum similar to that shown in Figure 11.6.

& simpleFitsReader X

rinput
file* ; |C:11Documents and SettingsWitmarstoniDesktopiSpireSpectrum fits || Browse. .. |
reader: |Hersche|reader if possible, standard if not

= |

routput

product not available

Yariahle to be created

rinfa

Success
status

progress:

100%

Figure 11.4. Using the simpleFitsReader task for readingin a FITSfile with a SPIRE spectrum.
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Figure 11.5. Display of the metadata and datasetsin the FITS filewhen the variableis double-clicked.
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Figure 11.6. Display of the SPIRE spectrum using the Spect r unExpl orer.

11.3. The Spect r uneExpl or er Package

The Spect r unExpl or er packageisbased onthe PlotXY package, but allowsthe user to visualize
Spect runDat aset s inafriendlier, interactive way.

In the example from the previous section, the different colors indicate different WBS sub-bands.
Individual sub-bands or individual scans can be plotted by clicking on the appropriate boxes in the
bottom panel and removed by double-clicking. Any plot parameter (plot range, titles, colors etc.) can
be modified using the right mouse bottom in the same way as for the PlotXY package (see "HowTo
Plot Data"). For example, a right-click on the plotted spectrum allows changes in the axes and plot
properties(e.g., labelsfontsetc.). Itisa so possible to save and print the plot from the right-click menu.

In addition the plot can be modified interactively after clicking the appropriate action button which
Spect rum Expl or er places in the top left of the HIPE display (see top left of Figure 11.3).
Hovering the mouse over the icons allows provides the user with atooltip for what the icon allows
you to do. From left to right:

* button 1: highlight/select a spectrum (or WBS sub-band) by moving the mouse over it and click the
right mouse button to change its color, description, or remove it.

* button 2: change the horizontal and vertical plot ranges by drawing arectangular box using the left
mouse button. Also, one can scroll the spectrum along the horizontal and vertical axes by clicking
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on an axis with the left mouse button and then moving the mouse or using the mouse wheel. The
mouse wheel can also be used to (un)zoom the spectrum.

* button 3: pan through the spectrum by clicking the left mouse button and moving the mouse.

* button 4: click on a spectrum (or WBS sub-band) and drag it to right or down to another or a new
panel which is automatically generated on release (however, dragging to the left or top of the first
panel is not possible).

« button 5: click on this button to auto-range the displayed spectra (after zoom).
* button 6: only show the active plot panel, and change the axisratio in order to fit the screen.

This allows images such as the Figure 11.7 to be constructed from the displayed data.
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]

Figure 11.7. Two sub-bandsextracted interactively (button 4) using Spect r umExpl or er shown with the
full resolution of the screen (button 6).

11.4. Future developments

Finaly, theSpect r umkExpl or er packageisstill under development. Future developmentsinclude:
1. clicking on product will plot all SpectrumDatasetsincluded (likely aHIPE functionality, not JIDE)
2. apply afilter to the meta data and only plot the applicable spectra (e.g. a certain chopper position)
3. applying functions to greyed-out/flagged spectral regions

4. saving modified Spect r unDat aset s back into the session, e.g. with interactively masked
points removed.
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5. overplotting multiple Spect r unDat aset s.
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Chapter 12. Spectral Arithmetic and
Mathematical Operations

12.1. Introduction

The spectrum arithmetic toolbox alows us to combine Herschel spectrum data. Operations
are performed either on subclasses of spectrum datasets (Spect rumild, Spect run®d), on
cubes (Si npl eCube, SlicedCube), or on products containing such data structures (e.g.,
HifiTimelineProduct).

Operations on Spectrainclude Selection and Arithmetic Operations.

This chapter explains how to work with spectra so that basic spectral arithmetic can be done on a 1D
spectrum dataset. It also indicates how to handle datasets composed of multiple 1D spectra. When
working with these larger sets of 1D spectrait is also possible to select spectra based on information
held in the data or metadata of the individual spectra before applying the arithmetic transformations.

12.2. Starting point -- using a dataset of a
number of HIFI spectra.

It is assumed that an observation product containing spectral data is available and active within
your HIPE session. For this HowTo, we will have an active variable called "prod" which is a HIFI
observation downloaded from the HSA (see HowTo Access Data). This contains several levels of data
processing. We will be dealing with level 1 data -- double-click on the highlighted "product(load)" in
Figure 12.1. The results appear in a new Editor window and include some metadata on the product
plus (scrolling down) a set of associated products (see Figure 12.2). Clicking on the highlighted
"summary" will provide a list of what datasets are contained for apid=1030 (the WBS spectrometer
H polarization). In the particular case (a Double Beam Switch observation) we are using we see that
there a comb (frequency calibration measurement), a hot-cold internal calibrator measurement (hc), a
tuning measurement (other) and two science measurements datasets for ON and OFF target (datasets
4 and 5). We will pick out dataset 4 for our purposes (double-click highlighted "product(load)" gives
Figure 12.3). This produces a list of metadata for the selected product and a dataset (with green dot
beside it) at the bottom of another Editor window. Drag-and-drop the dataset to the "Variables' view
and this dataset is automatically given aname in the session -- typically "newVariable."
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Figure 12.1. Selecting L evel 1 data from a downloaded ar chive observation done by HIFI.
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Figure 12.2. Display of product set.
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Figure 12.3. Choosing the product with the dataset we want.

A double-click on newVariable in the "Variables' view will open the dataset using the

Spect r unexpl or er (see HowTo on Spectral Display for information on how to manipulate the
visuaization). In the example dataset used here there are 18 spectra.

12.3. Using HIPE to Access the Spectrum
Arithmetic Tasks

InHIPE the "Tasks' view getsfilled with the currently available tools. Tasksthat are available for use
on datasets of spectrawill appear under the " Applicable Tasks' folder that appearsin the Tasks view.
Available tasks include add/subtract/multiply/divide/average which can be seen in the Applicable
Tasks folder after highlighting "newVariable" (see Figure 12.4).
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Figure 12.4. Display of tasks available for our dataset of spectra.

In this section we discuss each of the available arithmetic tasks in turn.
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Figure 12.7. Using the snoot h task
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Figure12.8. Using theavg task
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Figure 12.9. Using theext r act task
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Figure 12.10. Using ther esanpl e task
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Figure 12.11. Using ther epl ace task

» select: Provides a means of selecting those spectra that can be combined. A given attribute value
or range of values can be used or simply the index number of the spectrum within the group (see

Figure 12.5).
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Clear Accept

Figure 12.5. Using thesel ect task
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* add/subtract/multiply/divide: Provide means of adding/subtracting/multiplying/dividing groups of
spectra or single spectra together (pair-wise), or adding/subtracting/multiplying/dividing a scalar
valueto/from all spectrain the sel ected dataset. Numbered segments, e.g., subbands, can be selected
for addition if available within the dataset (see Figure 12.6 for adding the scalar value 200.0 to al
spectrain our dataset)

] Editor % %, [ Bl

ﬂ-ﬁ- newatiable K-H- result2 W(;H- result x{;{-'l- new\ariable | @ add X 1r 5
-Input
Calculation Mode |Sca|ar v|
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Segments W =none specified=
Selection |a|l v|
Dyerwrite |
routput
result not available Yariahle to be created |result |
-info
SUCCESS —
status:
progress: 1% |
Clear Accept

Figure 12.6. Using the add task

* statistics This allows for statistical operations to be performed on the datasets (it automatically
works on individual sub-bands presently). It provide as mean, median, variance, standard deviation
or percentiles for samples / selections of spectra from a dataset that can contain many datasets
(spectra) when the "Accept” button is clicked. The result is an output that contains a number of
datasets holding statistical information on the datasets. The main output is the "summary" table
that istypically the last dataset listed of the set (double-clisk on output variable, e.g., "stats’, in the
Variables view. Use an appropriate viewer (Dataset viewer or Tableplotter to see the results).

» smoothThisallowsatransformation of the dataviaabox or gaussian (of user-selected width) smooth
of the spectrain a dataset. Flags and weights for the different spectral points can be added in the
future. Torunthistool, click onthedataset, e.g., "newVariable", inthe"Variables' view to highlight.
The Applicable Tasks in the "Tasks" view include snoot h. Double-click on this to get the self-
explanatory dialog shown in Figure 12.7. The task runs by hitting the "Accept" button.

» avgThisalowsthe average of aselection of spectrafrom adataset. Flags and weightsfor individual
channel s/pixels can be used if available. Spectra can be selected by their index number in the dataset
or by attributes (such as buffer number -- a pull-down selection list is available.). To run this tool,
click onthedataset, e.g., "newVariable", inthe"Variables' view to highlight. The Applicable Tasks
in the "Tasks" view include avg. Double-click on this to get the self-explanatory dialog shown in
Figure 12.8. The task runs by hitting the "Accept" button.

» extractThis alows the extraction of a data from a minimum to a maximum freguency/wavelength
range for the complete set of spectrain adataset. Flags and weights for individual channels/pixels
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can be used if available. Spectra can aso be selected by their index number in the dataset or by
attributes (such as buffer number -- a pull-down selection list is available.). To run thistool, click
on the dataset, e.g., "newVariable", in the "Variables' view to highlight. The Applicable Tasksin
the"Tasks' view include ext r act . Double-click on this to get the self-explanatory dialog shown
in Figure 12.9, where the channels with frequencies 4000 to 5500 MHz have been selected. The
task runs by hitting the " Accept" button.

» resampleThis allows the resampling of data using a Trapezoidal or Euler box, with a choice of
variable or fixed width. Flags and weights for individual channels/pixels can be used if available.
Spectra can also be selected by their index number in the dataset or by attributes (such as buffer
number -- a pull-down selection list is available.). To run this tool, click on the dataset, e.g.,
"newVariable", in the "Variables' view to highlight. The Applicable Tasks in the "Tasks" view
includer esanpl e. Double-click on thisto get the self-explanatory dialog shown in Figure 12.10.
The task runs by hitting the " Accept" button.

* replaceThis alows the replacement of certain frequency/wavelength channels. To run this tool,
click onthedataset, e.g., "newVariable", inthe"Variables' view to highlight. The Applicable Tasks
inthe"Tasks" view includer epl ace. Double-click onthisto get thedialog showninFigure 12.11.
The task runs by hitting the "Accept" button.

It is planned that the arithmetic toolbox will provide generic functionality for al instruments (HIFI,
PACS and SPIRE). Instrument-specific behavior will be pre-configured by defaultsin the system but
will be able to be overwritten by the user.

Full command-line versions of the spectral arithmetic tools is also available and is described in the
"DP Basic User's Manual."
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Chapter 13. The Cube Spectrum
Analysis Toolbox

13.1. Introduction

13.2.

The Cube Spectrum Analysis Toolbox (CSAT) isan interactive, user friendly toolbox which provides
navigation, quick access, manipulation and analysis of spectral cubesin HIPE.

The navigation and quick access parts offer the following features:
» Navigation through the cube along the spectral axis

* Quick look and extraction of individual spectra

* Quick look and extraction of spectral regions

The cube manipulation tools offer the following features:

« Extraction of sub-cubesin the spectral or spatial domain

* Creation of monochromatic images in the spectral domain.

The analysis tools offer the following features:

» Creation of PV diagrams (position-velocity maps)

* Creation of velocity maps creation

This chapter will cover the following topics:

e Thegraphical user interface of the CSAT and the features it offers
» Accessing these features from the command line

The CSAT works with cubes of type Si npl eCube and Spect r al Si npl eCube. Please see the
User's Manual for details on how to create and manipulate these cubes: Section 4.11.1.

Note
@ To be usable by the CSAT, a cube must have avalid WCS (World Coordinate System).
Seethe User's Manual for details: Section 4.13.

The CubeSpectrumAnalysisToolbox GUI

The cubetool graphical user interface offersyou amore user-friendly way to run the various functions
(Tasks) of the spectral cube analysis toolbox. Each of the functions can also be run straight from the
HIPE command line.

The cube tool is available in the package herschel .ia.gui.cube, while the individual tasks are located
in the package herschel.iatoolbox.cube. The cube tool accepts data of type Si npl eCube or
Spect ral Si npl eCube; you can find out what type your cube is either by hovering over it in the
Variables panel, or with the following command (assuming nmy Cube is the name of your cube):

print myCube. cl ass

For example, cubes produced by HIFI and SPIRE pipelinesarein Si npl eCube format. For PACS,
the cube coming out of the task specPr oj ect is aso in Si npl eCube format. All these can
immediately be ingested in the GUI.
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The cube tool can be launched in the following ways:

» By right clicking on a Si npl eCube or Spectral Si npl eCube product in the Variables
panel, where the cube tool (along with other tools) is offered as a viewing option
(CubeAnal ysi sTool box).

» From the command line, with a command like the following:
myCubeResul ts = CubeSpect r umAnal ysi sTool box( nyCube)
This command opens the cube tool with myCube in it. Alternatively, you can do the same in two

steps:

myCubeResul ts = CubeSpect rumAnal ysi sTool box() # Opens an enpty w ndow
myCubeResul t s. set Cube( myCube)

With the command line method, anything you create via the cube tool will be put in the
nmyCubeResul t s variable, from where it can be accessed later. Both usages will return the result of
all the operations done with thistool as anew variable in HIPE. The command line allowsin addition
to access the results in a second way and, for some features, in a different format. All this will be
described later.

13.3. Using the GUI

When you launch the CSAT the following window will appear:

L3 HIPE - Herschel Interactive Processing Environment = = =
File Edit Run Window Help

4 e nmeBEdq
# Editor x =

# _0demomad..._march.. | Spectrals...ecubeiras x

File Spectrum Cube Manipulation Analysis Help

wavelength (angstrom)

L
‘ %@@W@ 11,0, 20,0 23,822 erg/(cm? s A) 2,670 arcsee, 2,257 Arcsec <[=—F——[=][sn

215 _448 MB L

Figure 13.1. Thefirst view you will have of the cubetool GUI

The CSAT will appear within the Editor HIPE view. We recommend you maximise the view or take
it out of the main HIPE window (see the Views section in the HIPE chapter for details: Section 2.7.1).
Y ou may then want to zoom-to-fit-window on the cube image, and resize the whole GUI so all the
information boxes fit the information in them.

Note that the CSAT is still under construction, so some features may be different from what iswritten
or shown here.
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Note

@ If your spectrum displays with odd ranges, it is possible that previous plot settings are
till in effect. Try selecting the spectrum plot's Properties and choose Auto range — First
Layer — Both Axes.

13.3.1. Design

The CSAT interface is split into two main regions:

» Ontheleft side (the image side) the imported cube is displayed as alarge image. The spectral dlice
of the image currently shown is adjustable with a slide bar to the lower right of the interface. Above
the image you can see the following:

« A real-time display of the spectrum in the spaxel (spatia pixel) that is under the mouse in the
image, with ared vertical line corresponding to the layer (spectral cut) currently selected.

< A zoom and navigate section. In the upper part you can adjust the view of the total cube plane
that is shown in the large image. Y ou can also seethe N-Sand E-W axes, if the WCSisincluded
in the imported cube. The lower is a zoom of the spaxels around the mouse pointer.

* On the right side (the working side) are found, located in sub-tabs of the cube tab, the results of
various selections you will have done on the cube (this is explained later). You can also find a
header tab with the cube's header information (see figure below).

At the bottom of the interface you can find the following:
 Buttonsfor zoom, pan and adaptive zoom.

 Pixel coordinates, intensity value and sky coordinates (if present in the cube) of the spaxel under
the mouse pointer.

» An adjustable colour bar, and a dide bar for navigating along the spectral dimension of the cube.
The units of the slide bar are not spectral, but indicate the position in the spectral dimension (the
array position). Spectral units are shown on the plots.
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13.3.2. The Spectrum menu

The Spectrum menu is dedicated to spectrum extraction and allows you to select spectra out of the

cube on the image side, from single spaxels or from a spaxel region. The result is displayed in the
working side and can be manipulated, printed, and saved.
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Figure 13.3. The Spectrum menu

13.3.2.1. The Single Spaxel Display

Selecting Single Spaxel Display from the Spectrum menu brings up a new pane on the working side
and a blue rectangle on the cube image, that follows the mouse pointer.

The panel on the working side contains two sections:

» An upper section containing radio button and text fields for performing various operations on the
spectrum (see below for details).

» A lower sections containing the plot of the selected spaxels.

» Below the plot, a status bar showing the pixel and sky coordinates of the selected spectrum.
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Figure 13.4. The single spaxel spectrum extraction window

The plot section displays the spectrum corresponding to the spaxel where the mouse cursor islocated.
With aleft-button click you can freeze the display on the position of the mouse pointer. At the same
time, the spectrumissent to the Variables panel of HIPE with adefault name, inSpect r unild format.

The plot can be manipulated as any other plot in HIPE.
In the upper part of the tab you can find the following additional functionalities:

» Smoothing: selecting this you can perform a Gaussian smoothing or a boxcar filter, for both of
which you can chose the width of thefilter, in units of channels (that is, not spectral units but rather
the number in the spectral axes array positions). A red smoothed spectrum is now superimposed on
the blue original inthe plot. Currently to seethison afrozen spectrum you need to select smoothing
before you select the spaxel to freeze, or you need to go back to theimage and select aspaxel again).

* Print spectrum; Save spectrum (in a multi-extension FITSfile).

» Save script: will save a Jython script containing the sequence of commands you have executed
(corresponding to the buttons you have pressed) within this tab, including selecting the spaxel.

To extract a new spectrum from an other pixel or to extract a new smoothed spectrum, the interface
needs to be reactivated by clicking on one of the radio buttons of the upper panel or by re-selecting
the menu.

Note that the interface is based on the Pl ot XY HIPE tool. At present you can chose to zoom on the
plot on the working side, but if you go back to the image side to select a new spaxel to display, you
lose the zoom you just defined and the complete new spectrum is shown.

Note
@ All single spectra extracted in this interface are sent to HIPE as Spect r umld with a

default name starting with si ngl epi xspect r _, followed by the spaxel position from
which it was extracted.

If you opened the CSAT from the command line, you can access the last spectrum extracted with the
following method, which will return a Spect r unid.

get Si ngl ePi xel Spect rum()
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13.3.2.2. Multiple Contiguous Spaxel Display

The second menu item allows you to select a spectrum that is the average of aregion of spaxels. The
selection of this menu entry brings up a new panel in a new tab in the working side. The upper part
of this new panel contains the following:

» an areato define the kind of region from which to extract the spectrum, with radio buttons

* an information section about the selected area

* buttonsto execute the extraction, save the data, save the scripts and print the current spectrum
« asection for optional smoothing

The lower part of the panel shows a plot of the resulting spectrum.
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Figure 13.5. Theregion spectrum extraction window

The spectrum shown isthe average on theregion drawn on the original cubeintheimageside. Different
kinds of region can be defined viaradio buttons:

 thewholeimage

 arectangle, taking only an integer number of spaxels, and with border along spaxels not through
them

« adcircle, for which the centre and the radius are float values. All pixels inside the circle have unit
weight, while all pixels on the border of the circle have a weight corresponding to the part inside
thecircle (weight <1)

When you select the region mode you define the region by holding the left mouse button and dragging
the mouse on the cube to define the area. A green contour appears following the movement of the
mouse. Release the button to set the region. To move or resize aregion, first click on it to select it.
You can then move the region by dragging it, and you can resize it by dragging the blue dots that
appeared when you selected it.

Note
@ Currently the CIRCLE mode is not an ELLIPSE mode. When modifying a circle keep it
asacircle: evenif you can reshapeit asan dlipse, it will still actually be acircle.
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To see the result of your selection click on the Show Spectrum button. The spectrum is displayed in
the plot section and is also sent to HIPE with a default namein Spect r unild format. Y ou can adjust
the properties of the plot in the same way as with most plotsin HIPE.

If you want to see a new result after having moved the selection, changed the selection method or
modified aregion, you must click on the Show Spectrum button.

Also available within this tab are:
» Save Script and Print
e aninformation bar

» aSave Data button which saves the spectrum in a multi-extension FITS file. This button will soon
disappear since this can aso be done in the main HIPE interface.

* the same smoothing options as offered with the single spaxel section. The smoothing information
must be defined before clicking on the computation button.

Note

@ All single spectra extracted in this interface are sent to HIPE as Spect r unid with
default name r egi onspect r um_ followed by the type of region selected (whol e ,
Rect angl e or G r cl e). The information about the location of the region is stored in
the metadata of the Spect r umld.

If you opened the CSAT from the command line, you can access the last average spectrum extracted
withtheget Avgspect run( ), which returnsa Spect r umld.

13.3.3. Cube Manipulation

The Cube Manipulation menu has two entries:
» Spectral Range Extraction, for extracting smaller parts of the original cube.

* Integrated Map, for integrating over a selected spectral domain.

File Spectrum EoV-LERUERISMENRLTN Analysis Help

spectral range Extraction
Integrated Map

w00 tools r’

header [

erglem?-s-Al [0.001 JAim?s-All

g braiobigeebionliavaliaralieiatlivialoeialong
B000 8100 AS00 A500 AI00 ABOD #9000 AT00 AS00 aE00

wawvelerurth (angstromm)

Figure 13.6. The Cube Manipulation menu
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13.3.3.1. Spectral Range Extraction

This options allows you to select a particular spectral range and then save the cube over this spectral

range only. This menu also allows you to proceed to a spatial extraction. Note that this functionality
is still under construction.

After selecting this entry anew tab will open on the working side of the GUI.

I3 HIPE - Herschel Interactive Processing Environment

File Edit Run Window Help

: L@ ® 2@
 Editor x _&
[ New-1 ® _odemoma. . arcl h. Tspeﬂral-..uheiras X
File Spectrum cube Manipulation Analysis Help
£
3 - ectral domain:
B [’ select a range on the global spactrum, and press the Extract button
= To select a spatial region:
g select the "Spatial Extraction” and draw a rectangle on the cube
El First wavelenath: [518.977| Last wavelenath: 672.865] [0 Spatial Extraction
(3
) D Extract Limited Cube | | Switch the Cube |
T et ) 700 [ETTT T T T T
~ 800 F
< E
_!1 E
S bool
g
L 400f
S
= £
9 s00f
‘@ 200
2 £
E E
£ 100
K £
oF
I I I I I I I
6520 6540 6550 6580 6800 6620 6640 6650
wavelength angstrom
I
‘Q‘Q”ﬁ”@ 11,74 y 2,4, 26,1 17,380 erg/(cm® s 4) 1,460 arcsec, 0,536 Arcsec [<|[——F—— [=]|1n=
| | 154 FFENLE] .

Figure 13.7. The Range extraction window

This new tab contains a plot with the global spectrum of the cube and a parameter and information
section which shows the following:

* two fieldswith the first and last spectral values of the cube
» Two buttons, one of which (Switch the Cube) is currently not functional

The wavelength limits shown on the plot are of the current cube, i.e. the original cube on first start-
up, and then updated each time you extract a cube on a smaller range.

Extracting a smaller cube with spectral limits

The main purpose of the cube extraction tool is the extraction of a smaller spectral range. To extract
acube on asmaller spectral domain do the following:

» Zoom in on the spectral range you are interested in with the usual mouse box selection on the plot
in the right part of the window (do not type numbers in the boxes). Y ou can zoom out by right-
clicking on the plot and choosing Zoom Out from the contextual menu).

* Click onthe Extract Limited Cube button, which will open a standard dial ogue window where you
can save your selection in FITS format. The behaviour will be the same if you choose to extract a
spatially limited cube (see below for details).

If you do not specify afile name, the cube is saved with the default name ext r act edCube_ + date
+ hour +. fits).Thecubeisalso sent back to HIPE, with the default namer angecube.

Extracting a cube with spatial limits

You can crop the cube spatialy (in fact you can crop the cube on both the spatial and the spectral
dimension). To crop on the spatial dimension, select the Spatial Extraction checkbox (seefigure below)
located above the plot, next to the wavelength/frequency limits.Y ou can then select a spatial region
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of the cube by dragging the mouse pointer over the image (in the image side) to draw a rectangle.
This feature comes in addition to the spectral selection i.e the resulting cube will cover the rectangle
drawn on the left and the spectral domain selected on the right (if you did not do a spectral zoom it
will retain the original range).

To select a spectral domain:

select a range on the global spectrum, and press the BExtract button
To select a spatial region:

select the "Spatial Extraction” and draw a rectangle on the cube

First wavelength: |5490395| Last wavelength: vl Spatial Extraction

| Bxtract Limited cube || Switch the cube

700

[IIIIIIIlIIII1IIII|I|riiIIIIiIII1IIiIIrII
DF\P\F | j

Figure 13.8. Therange of extraction and the radio button for the spatial extraction

After clicking on the Extract button the processisthe same as explained previoudly: the samewindows
appear and the cube is returned to HIPE. The default name is now r angespat i al Cube, of type
Spectral Si npl eCube.

If you opened the CSAT from the command line, you can access the last extracted cube via the
get RangeExt r act edCube() method.

13.3.3.2. Integrated Map

The Integrated Map menu item allows you to define a spectral range over which to integrate the
individual layers of the cube (or image dlices). The result is a Si npl el mage (that is, a two-
dimensional product) and contains the sum of the individual layers for the given range.
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Figure 13.9. Theintegrated map interface
Theright part of the window is divided in three:

* AnlInfo & Parameters section, displaying the values and units of the spatial axisof the original cube
and two buttons, Display Global Spectrum and Display Integrated Map. This will be modified in
the next release of the CSAT.
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» A Display section, which receives the result of the integration asone Si npl el nage per specified
range.

A Spectrum Plotter section, which showsthe global spectrum of the cube (average of all the spectra).
To integrate one or more ranges (or spectral domains) do the following:

1. Display the global spectrum in the Spectrum Plotter by clicking on the Display Global Spectrum.

2. On this spectrum choose the Select Range tool by right clicking and choosing Tools - Select
Range. Then with the mouse select one or more ranges to integrate.

3. Launch the integration by clicking on the Display Integrated Map button.

Note

@ Thistool only allows you to select separate ranges, i.e one range must end before the next
one starts, and there isno possibility to extract overlapping rangesin one step. However it
is possible to clean the selection after having integrated afirst set of integrated maps and
therefore to create a new set of images to integrate.

The resulting images are displayed in the same graphical component; if you selected many ranges the
images are "stacked" and can be selected by using the slide bar.

Every time you select a range and click on the button to integrate and display the resulting image,
these images are sent to HIPE as a set of new variables of type Si npl el mage.

If you opened the CSAT from the command line, you can retrieve the resulting images as a list of
images with the following command, which returns a list of images:

a = cat.getlntegratedMaps()

The images can then be accessed like this:

imgl = a[1] # A Sinpl el nage
13.3.4. The Analysis menu

The Analysis menu is dedicated to the analysis of the cube itself. All operations take the cube as
primary input and return a'scientific' result.
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Figure 13.10. The analysis menu
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13.3.4.1. Position-Velocity diagrams and maps

Thisitem allowsyou to create Position-V el ocity (PV) diagramsfrom a cube. Choosing this option will
open anew tab on the working side. Y ou can chose between two modes (indicated with radio buttons):

 Axis, which works by allowing you to select a dlit along which the PV diagram is computed.

» Map, which makes a 2D map with intensities being the velocity values. This menu option is still
under construction!

For both modes you need to define, using the slide bar at the bottom of the working side, a reference
layer. This layer will define the spectral value corresponding to the velocity "0" (zero) for the PV
diagram to be computed. Y ou will notice that as you move this slide bar the red line on the plot on
the image side of the GUI moves (at the moment you release the mouse button). In this way you can
"trandlate” reference layer units into spectral units. As you move this slide bar the numbers in white
boxes next to the Map radio button will change, but you cannot change the numbers by typing directly
in the boxes.

Input data

The data for these velocity features can come with different units on the third axis: frequency,
wavelengt or velocity.

When the data are in frequencies or wavelength the velocities are computed using the non relativistic
Doppler effect. When the data are in velocities the selection of the reference layer just shiftsthe zero
and the velocities are directly read from the cube.

PV diagrams

The Axis mode introduced above produces PV maps. To compute such a map, you need to provide
the following:

» Anaxis along which to extract the individual spectrum. Thisis done by dragging the mouse on the
cube on the image side. You must click on the starting point of the line, move the mouse to the
end point (without holding the mouse button pressed) and click again. The line appears in green
on the cube.

» A referencelayer inthe cubeto definethevel ocity zero point. Thisisdone by choosing the displayed
layer with the dlide bar at the bottom right of the working side.

The line can be considered a dlit with a default width of one spaxel. This width can be modified by
filling the dedicated field in the parameter section of the panel.

What the task actually does is to create an average spectrum for the spaxels along the dlit you set:
for a dit width of one, the spaxels selected are those that the green line actually goes through; for a
width of two, an additional half spaxels either sideis selected, this meaning that the spectrafrom these
spaxels are selected but the intensities are weighted by 0.5; and so on. It is then from this averaged
spectrum that the PV diagram is created. Hence, awider dlit will increase the signal-to-noise ratio of
the spectrum the PV diagram is constructed from.

For data given in wavelentgth, the vel ocities are computed using the usual formulav = ¢ AX / A For
datain frequencies they are computed using v = ¢ Av / v, and are given in m/s.

The computation of the PV diagram is done by clicking on the Compute Velocity Map button. This
will produce an image such as the one shown below. For Axis mode the horizontal axisis offset from
the left side of the dlit you drew (or offset from the top if the dlit is directly up-down) and the vertical
axisis velocity on the left and colour scale on the right. For Map mode the two axes are the spatial
axes of the cube (in WCS units) and colour indicates velocity, with a colour bar on the right showing
the scale, which runs from maximum to minimum velocity.
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Note

@ If the PV diagram looks too small it may be due to the zoom settings. Try panning out or
zooming-to-fit using the magnifying-lens buttons below the PV diagram. If it istoo dark,
edit the cut levels (right-click on the PV diagram itself).

Note that currently you can only zoom on both axes at the same time; later we will allow for zooming
on each axis independently. Also note that the PV diagram is constructed from the whole cube that is
currently shown on the image side, i.e. over the whole spectral range you have. Therefore, it islikely
you have alot of velocitiesthat are very large numbers! We are redesigning the GUI to allow you to
select a smaller spectral region from which to make a PV diagram, but currently if you want to do
this, you need to first create a new cube from a small spectral region (the Spectral Range Extraction
menu item) and rerun the GUI on that cube.
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Figure 13.11. Position-velocity diagram

Once you have created the PV diagram, you may wish to adjust the properties of the diagram. Y ou do
thisin the familiar way, by right-clicking on the diagram. Y ou are then offered the optionsto edit cut
levels, edit colours, zoom, annotate, create a screenshot (JPG), print and flip the Y -axis.

Aswith all other tabs on the working side, you can save datain FITS format, and the datais returned
toHIPE asa Si npl el mage with aWCS containing velocities and offset on the axis.

Note

@ A Save Script button will soon be available. This button will save a script containing the
sequence of commands that produced the PV diagram.

The graphical interface uses a task which reshapes the result of the PV diagram in order
to obtain an aspect ratio compatible with the display; in the saved script, calls to this task
will be commented in order to have the "raw" shape as output. Thistask isnot part of the
CSAT, so it won't be explained in this document.

13.4. Running the tasks outside the graphical
Interface

Here we tell you how to run the tasks called by the GUI outside of the GUI itself. It is also possible
to access the products that the cube tool creates, e.g. when you selected the spectrum from a single
spaxel, viatyped commands in the HIPE console.
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13.4.1. Accessing the individual products

As you perform activities in the cube tool (e.g. select spectral or spatial regions) the results are held
in tabs on the working side, but they are also held as new products that you can access from the HIPE
command line or GUI.

» Asyou do things with the CSAT, new products are created and are listed in the HIPE Variables
panel, with namessimilar tosi ngl epi xspect r um(andthensi ngl epi xspect r uni for the
next selection, and so on). These should appear no matter how you started the cube tool.

* Inaddition, your creations are (supposed to be) stored in one of two separate products, also listed
in the HIPE Variables panel, that were created when you started the cube tool. If you started with
click-selection then the product is currently called cat , whileif you started from the command line
thenitiscaled nycuber esul t s. However, currently the cat variable contains nothing useful
and should be ignored.

The advantage of thisisthat you can access your cubetool creationsoutsideits GUI. Aswith anything
listed in the Variables panel in HIPE, you can inspect these new products by right-clicking and
choosing one of the viewers offered. We recommend these for inspecting the data visually, rather
than trying to produce plots from the command line. The reason is that the syntax that tasks such as
Pl ot XY use on the cube tool productsis still under consideration and will change with time.

Y ou can al so access these products from the command line with the following syntax:

si ngl espect rum = nycuber esul t s. get Si ngl ePi xel Spect run()

Hereyou are extracting into si ngl espect r umthe result of the last single spaxel spectral selection
that you did in the cube tool. The datatype of si ngl espect r umisSpect r umLd. For each of the
CSAT products there is a different command to retrieve it. Thisis explained in the table below: on
theleft isthe command (the one after nycuber esul t s. inthe above example), the middle column
is the data type of the product, while on the right-hand side there is the CSAT command that created
the product.

Table 13.1. Syntax for extracting cubetool-products from the command line

getSinglePixel Spectrum Spectrumld single spaxel spectrum display
getAvgspectrum Spectrumld region spectrum display
getRangeExtractedCube SimpleCube range extraction
getlntegratedM apl mages ArrayList of Simplelmage integrated maps
getVelocityAxisimage Simplelmage position-velocity diagram
getVelocityMapCube SimpleCube position-velocity diagram

13.4.2. Details for specific tasks

This section is for those who may wish to incorporate the CSAT in their own scripts or call up
individual tasks that the GUI otherwise runs for you. Here we show you the calling syntax and I/
O structure. Note that in almost all cases the units of the spectral dimensions are not wavelength or
velocity but layer/channel (i.e. array location).

13.4.2.1. Single spaxel selection

To extract the spectrum from spaxel (4,5) use:

nmyspect rum = extract Si ngl ePi xel Spect run(si npl ecube=nycube, posX=4, posY=5)
# or
nmyspect rum = extract Si ngl ePi xel Spect run{(si npl ecube=nycube, posX=4, posY=5). spectrum

where
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* nycube isin Si npl eCube format
» PosX,Y arethe X,Y coordinates of the spaxel

Thefirst command creates output in Spect r unild format, with metadata taken from the input cube.
The second command creates a spectrum of Doubl e1d without metadata. The spectrum has columns
of flux, weight, flag, segment (segment for now isjust a placehol der, its value everywhere hereis one)
and wavelength, this latter being in the same unit that your Si npl eCube had.

A faster way to run the second command after the first one is the following:

nyspectrunl = extract Si ngl ePi xel Spectrum spectrum

Aslongasyou havenotrunext r act Si ngl ePi xel Spect r umsince running it thefirst time, this
method does not re-run the task on your cube but simply extracts out the result in a different format.

13.4.2.2. Multiple contiguous spaxel selection

To extract the average spectrum from the whole cube use (and see the instructions regarding creating
Spect r unild from theinitial Doubl eld just above):

# output as a Doubl eld containing the flux

nmyspect runRd=ext r act Regi onPi xel Spect r un{( si npl ecube=nycube, whol el ng=Tr ue)

# for SpectrunlD format for the output type then after that

nmyspect rumld=ext r act Regi onPi xel Spectrum fi nal spectrum

# or just type

nmyspect rumld=ext r act Regi onPi xel Spect r un{( si npl ecube=nycube, whol el ng=Tr ue) . fi nal spectrum

To extract an average spectrum from a region you need to make a Double2d array with columns of
[X,Y ,weight], toindicate which spaxel sto select, and starting with entry [0,0,0]. Weight will determine
by what fraction the spectrum from each X,Y will be multiplied in the average, i.e. Can be considered
to be an area-weight. Assuming that this array has the name foo below:

# out put as Doubl eld

nyspect r umeext r act Regi onPi xel Spect r un( si npl ecube=nycube, whol el ng=Fal se, posAr r ay=f 00)
# or Spectrumnld, type just after that

nyspect r unrext r act Regi onPi xel Spectrum fi nal spectrum

# or only type (on a single line)

nyspectrum = extract Regi onPi xel Spectrum

('si npl ecube=nycube, whol el ng=Fal se, posArray=f00).final spectrum

# and you can al so see the effective area in spaxels you have extracted

t ot al Wi ght =ext r act Regi onPi xel Spectrum t ot al Wi ght

13.4.2.3. Smoothing filters

Thisisalong sequence of commands, so we list here the commands and some explanation:

filt=FilterSpectrunTask()
filt.rawSpectrum = nyspectrum

filt.spectral Di nension = -"Physical neaning of the spectral axis”
#is a string
filt.spectralUnit = -"unit”

filt.sizeO Spectrum = si zeOf Spectrum

# sizeOf Spectrumis an integer representing the Iength of the spectrum
filt.speclndex = specl ndex

# speclndex is a Doubl eld, previously created, containing the spectral
# val ues for the flux

filt.nodel Filter = -"GAUSSI AN'

# nodel to use

filt.widthFilter = 10

# width of the filter in units of array/channel, not spectral units
filt.execute()

# and t hen
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FilteredSpectrum= filt.filteredSpectrum

# is the Doubl eld array containing the filtered flux
MaxVal ueFi t Spectr = filt.maxVal ue

# is a double

PosMaxFit Spectr = filt.maxPosition

# is an integer

Theinput isapre-existing Doubl eld called nyspect rum

13.4.2.4. Spectral range selection

Thisiscurrently rather awkward to runin HIPE, but here are some devel oper-oriented exampl e scripts.

Sincethistask can be used in two ways (selecting a sub-spectral range for the whole cube or extracting
on a sub-spatial domain and a sub-spectral domain) we give here two scripts.

Spectral range extraction only:

rangeextracti on=RangeExtracti onTask()
rangeextracti on. si npl ecube=nmycube
rangeextraction. startl| ndex=200

rangeextracti on. endl ndex=600

rangeextraction. Crop = Fal se

rangeextracti on. perform)

# access the results

resl=rangeextraction. rangeCube #result stored in a sinplecube
errcode=rangeextraction. error

| ognssg=r angeextracti on. | og

Spatial and/or spectral domain extraction:

rangeext racti on=RangeExtracti onTask()
rangeextracti on. si npl ecube=nmycube
rangeextraction. start| ndex=200
rangeextracti on. endl ndex=600

rangeextraction. Crop = True
rangeextraction. Xmn = 1
rangeextraction. Xmax = 8
rangeextraction.Ymn = 3
rangeextraction. Ymax = 9

rangeextracti on. perform)

# access the results

resl=rangeextraction. rangeCube #result stored in a sinplecube
res2=rangeextraction. specRangeCube # result stored in a spectral si npl ecube
errcode=rangeextraction. error

| ognmssg=r angeextraction. | og

13.4.2.5. Integration Map

To run the command line of the integration map you need to create two arrays of spectral values. The
graphical interface helps you to do this, but if you know the structure of your cube you can easily
prepare these arrays. The first array stores the starting indices of the integration domain, while the
second stores the ending indices. For integrating only on one domain the two arrays contain only one
element each.

Hereis an example of a call to thisintegration map task for the extraction of three integrated maps.

i nt egr =l nt egr at eMapFr onCubeTask()
i ntegr. cube=nmycube
#istartarray and endarray store the indices of the layers, not their spectral val ues

startarray = Doubl eld(3)
startarray. set (0, 10)
startarray. set (1, 400)
startarray. set (2, 800)
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endarray = Doubl eld(3)

endarray. set (0, 60)

endarray. set (1, 600)

endarray. set (2, 860) #i.e. here assunming that the depth of the cube is > 860

integr.startArray =startarray
i ntegr.endArray =endarray
integr.nbStack = 3

| stimages = integr.perform()

#results

print |stinmages.size() #return 3 if everything went well
#access the results:

i mgel= | stimages[ 0] #i magel is a Sinpl el nage

The images returned by thistask contain in their header information on the central spectral value and
the bandwidth on which the integration was made.

» The bandwidth or size of integration is stored in the keyword BANDWIDTH.

» Depending of the details of the original cube, the central spectral value is stored in one of these
keywords:

WAVELENGTH if the spectral dimension was wavelength

FREQUENCY if the spectral dimension was frequency

VELOCITY if the spectral dimension was velocity

SPECTRAL VALUE if there was no physical dimension available in the cube

13.4.2.6. PV Diagram

To run on the command line for Axis mode (Map mode will be documented at alater date) you need
to make alist of the spaxelsto be read into the task, with columns[index, X, Y, weight]. Index isthe
offset along the dlit from the beginning, and if the X and Y are in order thiswill simply be 0,1,2,3...
For dit widths >1 al the spaxels of one "column" have the same index. For example, your "list" can
be: [0;4;0;0.5] on the first ling, [0;5;0;1] on the second, [0;6;0;0.5] on the third... Then you run the
commands:

# for output of type Doubl e3d
vel oci tyMap =
posi ti onVel oci t yDi agr an{( si npl ecube=nycube, axi s=True, coordSlitArray=list,
wi dt hSli t =1, nbpi xel sAxi s=15, r ef er enceLayer =200)
# for output of type SinpleCube you then type
cubevel oci t ymap=posi ti onVel oci t yDi agr am cubeVel oci t yMap
# and to access other parts of the creation
vel oci t yMapAxi s = positionVel ocityDi agram vel oci t yMapAxi s # Doubl e2d
vel oci t yMapAxi sProd = positionVel ocityDi agram vel oci t yMapAxi sProd # si npl el nage

nbpi xel sAxi s isthe length of the dit (for map mode it should be ignored), not the total number
of spaxelsto beread. r ef er encelayer isthereference layer along the spectral axis (note, not in
spectral units) that sets 0 velocity.
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Chapter 14. HowTo Fit Spectral
Features

Spectral features (baseline, lines and noise) are fitted using the spectrum fitting toolbox in the HCSS.
The data that is used by toolbox can be any Java or Jython object, as long as it implements

the SpectralSegment interface (e.g., extracted from a Spectrumld object). An example of a
Spectral Segment could be the spectrum from one subband of the HIFI WBS spectrometer.

14.1. How to fit spectra in HIPE

1. Select the spectrum to fit from the variable list and then double click on the task fitSpectrum
(Figure 14.1).

SESXS) X! HIPE - Herschel Interactive Processing Environment
File Edit Run Window Help

| Editor x = 22 variables x Tasks X e
== Applicable
Input @ cbd @
data* - ® dsi @ rchsub |55 By Category
@ thsub2
prevData © & <none specified > @ chwidth
first : |fa|se V| © eut
© database_property
global ; false - O DAYS
| | ®
model: | | © ELECTRON_CHARGE
@ H_PLAMCK
conParms | | & HOURS
parms: | | |l |[[|e noverk
: ) @ hplanck
it | | @ hrs_chwiclth
Wil [ | 9 k
O K_BOLTZMANMN
wl: | | © MICROSECONDS
@ MILLISECOMDS
i o © MINUTES
@ SECONDS
=l Cconsole x (—m||® showmoise
- = @ Horting
IA>>Trrom herschel.ia.toolbox.spectrum.fit.testdata © SPEED_OF_LIGHT
import MakeData saalande
® sy
i i i 9 zbd
Provides fitter functions.
IA>>dsl = MakeData(?)
IA>>ds1.addNoise(10)
LA>>

Figure14.1. Starting fitSpectrum. Select " fitSpectrum™ from thetask list. Thiscan most easily befound
inthe" Applicable Tasks" folder.

2. Apply amodel to the spectrum viathe GUI that pops up.

All 1D models that are in ia.numeric.toolbox.fit can be selected from the drop-down box 'Use
model'. The default is a Gaussian ("gauss') model, for which the 'Height of peak’, 'X-Position of
peak’, and 'Width (sigma)' must be defined. The height and width have the value '1' already filled
in, supply avalue for the position and click RUN (Figure 14.2).
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Input data: i

Llse model: | gauss -
Heightof peak:. 1.0 [1 Fix
¥-Position of peak: 0.0 (] Fix
Width (sigma)y;, 1.0 [ Fix
Add Window
RUM

Figure 14.2. The Gaussian fit GUI. Supply the Gaussfit parameters.

A Lorentzian ("lorentz") model can befitted in a similar way. If you select a polynomia ("poly")
fit, then only the order of the polynomial needs be defined. The 'fix' tickboxes can be used to fix

the value of the parameters (Figure 14.3).

Input data; 1

Ulze model: ||paly

Crder of 'paly’ 1

Al Wird ow

RLIM

Figure 14.3. The polynomial fit GUI. Supply the order of the polynomial fit.
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If any other model is selected, the GUI will look like Figure 14.4 . If the model requires constructor
parameters (see the "DP Basic User's Manua" for details of all available models parameters),
the 'Constr Parms' field must be filled with a comma-separated list, for example, the "power"
model needs a degree. If no constructor parameters are needed, as for the "sinc' model, leave the
field empty. In the 'Parameters field the fit parameters must be filled in with a comma-separated
list - be sure to give the correct amount of parameters (see the JavaDac). In the 'Fixed' field the
parameters that must be fixed can be listed in (Quess what) a comma-separated list. If the first and
third parameter must be fixed, fill in: 0,2.

Input data: ol

Lse madel: ||power -

Caonstr Parms
FParameters

Fixed

Al Wino owe

RN

Figure 14.4. Other fit models. Supply all the model fit parameters.
3. A fit can be applied over a specified range.

Click on 'Add Window' to define the fit X-range (between 'from' and 'to"). Up to five ranges can be
defined by clicking on'Add Window' again (Figure 14.5).

Add Wi o
Window (from, to); 0.0 0o
Window (from, to); 0.0 0o
Window (from, to): 0.0 0o

Figure 14.5. fitSpectrum can be applied over a specified range. Set thefit X-range

4. Theresult of afitisa"fitResult" variable. Double clicking this variable opens a view window with
the data and fitted model (top) and the residual (bottom). A table of the fitted parameters and their
standard deviations can be seen by then clicking on the " ShowFitResult" task (Figure 14.6). If the
fitResult contains several models, the parameters for all models are listed here.
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Ol &% Tasks =

|2 A
== Applicahle
@ fitSpectrum

ShowFitResult
(%8 By Category

Figure 14.6. Tasks available after " fitSpectrum" . Click on " ShowFitResult" to see fitted parameters
and their standard deviations.

5. Another model can be applied to the result of afit. So you can, for example, fit the baseline and
then fit a spectral feature.

Click on a'fitResult' and then again on the 'fitSpectrum' task and follow the proceedure given above.
Thisresultsin another fitResult variable to which you can apply another fit model, and so on.

6. Once satisfactory models for all spectral features have been found, all the models can be applied
to the origina data.

Click onyour final fitResult variableand then click again on thefitSpectrum task. The GUI contains
a checkbox 'global fit' (Figure 14.7), check this and click on 'RUN'. No new model can be added
at this stage.

Input data: fitHesult
[_1 glabal fit

1el: |gau55 il

Figure 14.7. Global fit. Check global fit to apply all modelsto original data.

14.2. How to fit spectra from the command
line

1. Download the toolbox into the session, note that in JDE it is called SpectrumFitter rather than
fitSpectrum!

from herschel . i a.tool box. spectrumfit inport SpectrunFitter
from herschel . i a.tool box. spectrumfit.testdata i nport MakeData

For demonstration purposes, we will use MakeDat a to create some test data to fit.
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dat a=MakeDat a( 7)

dat a. addNoi se( 10)

# Instantiate the fitter
sf =Spectrunfitter(data)

A plot window should look similar to that shown in Figure 14.8.

Observation
backend, WBS-H, activeband; 1b, lofrequency; 627.9995, sds_type: chopsc

2.4 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

2.2

2.0

1.8

1.6

1.4

Yy axis

1.2

1.0

0.8

0.6IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
-10 O 10 20 30 40 50 60 70 &80 90 100 110

X axis

Figure 14.8. Test datatofit. Start the SpectrumFitter

. The SpectrumFitter is an interactive tool and is best used in conjunction with the SpectrumModel
tool, which allows you to select (and change) models and fitting parameters. The three models you
are most likely to use are Gaussian, Lorentzian and Polynomial; the model fits, their parameters,
and their usage in the SpectrumFitter tool are summarized in Table 14.1:

Table14.1. Mode fits, their parameters and usage in the SpectrumFitter tool

M odel Mathematical fit Parameters Usage
Gaussian il g = amplitude of line |sf. addMbdel
fl= e {555} Xo = location of line | 9auss’,
peak [ a0, x0, s0])
Sp = width of line
(sigma)
Lorentzian po = amplitude of line
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M odel Mathematical fit Parameters Usage
py = location of line  |sf. addModel
10 =m =] |peak (‘lorentz',
[ PO, p1, p2])

p2 = haf width at half
maximum of line

Polynomial f(x) =cp+cix+...+ |n=order of sf . addModel
X" polynomial ("poly', [n],
[cO,c1, ...,

Co .. Cy = polynomial

coefficients cn])

Notethat you must know (roughly) whereyou expect aspectral featureinyour datato be, in addition
to its expected shape and approximate shape parameters. So, an initial guess is required - if this
guess is completely wrong you may end-up fitting noise rather than your spectral lines.

Now, fit first the baseline with a polynomial and then fit the line with a Gaussian.

# First the baseline

# Apply the nodel

nodel =sf. addMbdel (' poly', [2],[0,0,0])
# Do the fit

sf.doFit()

# Inspect the residual after the baseline is renopved
sf.residual ()

# Keep the fit

sf.fitOK()

# Now the line

sf.addModel (' gauss', [1.0, 30,0.1])
sf.doFit()

sf.residual ()

sf.fitOK()

These stepsresult in the plot below. A black line (ot seen here) displaysthe model and isreplaced
by a green line showing the fit (the Gaussian model here). Thered lineisthefinal fit for the entire
spectrum. Theresidual is shown in a separate plot.
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Observation
backend: WBS-H, activeband: 1b, lofrequency: 627.9998, sds_type: chopsc
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4
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X axis

Figure 14.9. Fit result. Fit resultsfor spectrum

3. It is possible to do both fits at the same time, globally, since the instance of our SpectrumFitter
remembers what it has done so far.

sf. dod obal Fit()
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Observation

backend: WBS-H, activeband: 1b, lofrequency: 627.9998, sds_type: chopsc
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Figure 14.10. Global fit. Usethe modelstogether in a global fit

4. It is aso possible to mask data. The following will do a polynomial fit only using data from O to
20 and from 40 to 100.

nodel =sf . addMbdel (' poly', [2],[0,0,0])

# After you've created the nodel, add the nasks
nodel . set Mask(0, 20)

nodel . set Mask(40, 100)

To best see how this works, include this masking in the example given above.

After you have added amask, you can also remove and invert it. Y ou do thiswith theunset Mask
andi nvert Mask methods, respectively, as shown in the following code:

# Renmove the first mask set in the previous exanple
nodel . unset Mask(0, 20)

# Invert the remaini ng mask

nodel . i nvert Mask()

After the above code, the mask will cover the whole spectrum except the (40, 100) interval.
5. Thefitted model parameters and their standard deviations are printed to screen with:
print sf
6. It ispossible to manipulate the models produced by SpectrumFitter in various ways:

e If you wish to change the initial parameters of any of the models (nodel =
sf. addMbdel (.. .)), use setParameters:

nodel . set Paranmeters([...])
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A new fit will be made on thefly.

There are two ways to remove models:

sf.renoveMdel (M

Or:

m renove()

Subtract the model from the dataset:

sf. subtract Model (M

This also removes the model from the fitter tool.

Once you are satisfied with afit, you can set the fitted parameters as the default for the models:
m useResul t s()

This may be useful when using the same models for afollowing dataset.
To apply them to a different dataset:

sf . set Dat a( ot her Dat a)

Note that this replaces the data held in the SpectrumFitter with the Spectral Segment held in the
variable 'otherData. Once again, the fit will be redone on thefly.
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Chapter 15. HowTo Display and
Manipulate Images in HIPE

15.1.

15.2.

Herschel Editorial Board

Introduction

All image display tasks work on a Si npl el nage that can be derived from a FITS file import (see
HowTo chapter on FITS and ASCII input/output) or even from an image file such as a JPEG -- which
iswhat we will use for illustrative purposesin this chapter.

Images can come with associated flux information (in header or, in Herschel DP, meta data). The flux
information/units can also be applied to a given image by hand.

Images either have aWorld Coordinate System (WCS) stored in the metadatainformation, or aWCS
may be applied. This chapter will also include information on the WCS parameters that can be found
or applied to agiven image.

Throughout this chapter illustrations are given from the Full Work Bench perspective.

Creation of a Si npl el nage for Display

The Si npl el mage format data is the standard map/ image data format that comes from the
pipelining of Herschel data following standard pipeline processing. Images downloaded from the
Herschel Science Archive are in this format. The following short script can be adapted to create a
Si npl el nage from any JPEG file and associate a very simple WCS to it. The following can be
copied and pasted into the Editor view after opening a Jython script window, or copied into the Console
view and run from there.

# Create sone fake WCS infornation

myWs = Wes(crpixl = 29, crpix2 = 29, crvall = 30.0, crval2 = --22.5, \
cdeltl = 0.00028, cdelt2 = 0.00028, ctypel="RA---TAN', ctype2 = -"DEC -TAN")

# Create a Sinplelmage with WCS in it

nmyl mage2 = Si npl el mage(wes = nyWs)

#Put the image into the Sinplelmage

# *.jpeg, *.jpg, *.tiff, *.tif, *.png, *.fits, *.fts or *.fit

# files are accepted.

i mport ! mage(i mage = nylnmage2, filenane="directory nane/ngc6992.jpg")

A Simplelmage caled "mylmage2" is created and is available in the "Variables' view (See
Figure 15.1). It should be emphasised that it is possible to use ANY image created in an instrument
pipeline for the examples given in this chapter.

The importing of the image is aso possible via the "importimage" task available in the Tasks
view list. Click on "mylmage2" in the "Variables' view then double-click on the appropriate task,
"importimage”. A name can be typed in or a selection made by Browse...ing the system.
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T° variables X \'\ ==

MILLIMETERS =
MILLISECOMNDS
MIMUTES

mylmagez
rmylinit
mitcs

new'ariable E
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PERCZEMNT —
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P oo e O

o= Outline X . (=0

narme [rylmagez

class [Zimplelmage

package |herschelia.datagetimage

= mylmage?
-~ = Datasets
@ image

Figure 15.1. The Variables view shows the " mylmage2" highlighted. A double click on this automatically
brings up the image in a new Editor window (top left). In the Tasks view the folder " Applicable", when
opened, showsthetasksthat can be applied to thisimage.

Double-clicking on the variable "mylmage2" in the Variables view will automatically display the
image in a new Editor window. A single right click in the same place will indicate that this can be
"Open(ed) with..." aProduct viewer as well. This shows header (metadata) information for the whole
image product, which can have a number of datasets. For the Si npl el nagewe have created for our
example there is asingle image dataset.

15.3. Viewing the Metadata and Array Data
Associated with an Image Dataset

Animage can have several datasets. For example, we can include aflag image dataset for flagging bad
pixels (see "DP Basic User's Manual” for more information). Each of these datasets have associated
metadata, which has the same role as header information in a FITS file. It indicates associated flux
and coordinate information plus processing history (if appropriate) etc.

To view the metadata (and array data) associated with an image dataset requires opening a Dataset
viewer. This can be done in two ways.

* First aright-click on your image variable name in the "Variables' view (e.g., on "mylmage2"). A
short menu including "Open With...." appears. Choose the product viewer. The product view is
shown which includes some overview information/metadata plus alist of datasets (at the bottom of
the datasets -- and could include a number of image layers). Do aright-click on one of the datasets
to see the "Open With..." in the short menu. Select Dataset viewer.

» A singleclick selection of theimage in the "Variables' menu list showsits outline in the "Outline"
view. Opening the folder in the Outline view to see the datasets in it and right-click on a dataset to
see the short menu with "Open With...." and the dataset viewer selectable.
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Any of the above will provide aview of the metadata plus the data values of the array making up the
dataset within awindow in the "Editor" view. View of either the metadata or array data can be toggled
using the arrows to the left of the metadata/array datanamesin the "Editor" window (see Figure 15.2).
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Figure 15.2. Metadata and Array data view using the Dataset viewer with an image.

15.4. A Simple Display of an Image

The simplest way to display an image in HIPE is to double-click the image name (e.g., in the
"Variables' list). The default activity for thisis then the display of the image in a new window in the
"Editor" view (see Figure 15.3).

167



HowTo Display and Manipulate Imagesin HIPE

iglx
File Edit Run Window Help

i L s Q@
L Nawi * [Z Packages [0 4 » 3 — 0| ] Editor x _0| o8 Tasks x ', _n

o L& - & myimage2? x

~-1=- User areas rimage Viewer
#- (3 Home Folder

*‘;—,!,'ﬂ File System

[ @ automaticContour et
= @ circleHistogram

@ clamp

- @ contour

@ crop

[ @ cutlevels

~ @ ellipseHistogram
~ @ flagSaturatedPixels
I~ @ imageAhs

@ imageAdd

it ] \maque\l

‘o Varlahles x

4

®a
@ archive
@ colors
@ contours
@ fromDate
5 @ histagram
- - @ H3A_HAIO_HOST
T - @ HSA_HAIO_PORT
@@@]ﬁf 453,241 ] 51.000 my 02:00°15 407, -322:22 52 56 ® rmylmage2
@ mylUnit
| History {  Log | B console x — o[ 5% outline x —o

TISTOYranm = Ino outline information available
circleHistogram{image=myImage2, lowCut=400.0, highCut=600.0, bi
T=271.0,radiusPixels=0.0)

herschel.ia.task.SignatureException: the radius of the circ

positive

>histogram =

01rcleH15togram(1mage myImagez, lowCut= 400 0,highCut=600.0, bif¥

EE

Figure 15.3. Automatic Display obtained via double-click of a Simplelmage variable appearing in the
"Variables' view.

The display shows a zoom/pan image as the main image, plus two smaller images that show,
» A zoomed image is shown around the mouse position on the main image (at top right).

» An overview of the full image showing the zoom/panned position of the main display (at bottom
right) outlined by arectangle. Thishox asoillustratesthe directions N and E on the display based on
the WCS coordiantes of theimage. The position of the rectangular zoom/pan region can be adjusted
by clicking on the box and dragging it to another part of the display. In Figure 15.3 the box has
been dragged to the top left of the image.

15.4.1. Magnifying an Image

To bottom left of the view (see Figure 15.3) are a set of magnifying glass images that, in order left
to right, zoom in, zoom out and go back to the original image size. In between the magnifying glass
images is an icon with a small square surrounded by a box -- which allows an image to be displayed
that fits the whole Simplel mage into the viewing area.

15.4.2. Image Coordinates and Pixel Intensity

The mouse position over the image is constantly updated at the bottom of the image displayed with
both the pixel coordinates and the world coordinates (if aWCS s available in the Simplelmage being
viewed) being presented to the right of the magnification icons.

In between the two pieces of coordinate information the pixel intensity for the pixel falling under the
mouse position is also constantly updated (see again Figure 15.3) as the mouse is moved across the
image.

15.5. Editing and Printing Images

We can edit an images in a number of ways. The following are available after doing a right-click of
the mouse button while the mouse is over a displayed image (see Figure 15.4).
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Figure 15.4. Edit functions available via a right-button mouse.

« Edit colors -- the colour lookup table can be adjusted to a number of different types plus linear/
log/exponential scalings.

* Edit cut levels -- the cut levels for which the colour lookup table is to be applied can be adjusted
for an image.

e Zoom infout -- as per the zoom icons discussed earlier.
» Annotate the image -- an annotation can be placed at the position of a mouse click.

« Create screenshot/print image -- the displayed image can be saved to an image file or printed on
auser-selected printer.

15.5.1. Editing the Colour Look Up Table (LUT)

The standard colour schemefor image display isfor "Real" coloursshownina"Ramp" intensity witha
"linearScale". Selection of the "Edit colors..." from Figure 15.4 displays the colour menu Figure 15.5.
Hitting the "Reset" button always enabl es the default colour display.

To select any other colour scheme simply click on the colour type and/or intensity or algorithm
to create a new colour scheme. The scheme is applied to the image immediately. The window
(Figure 15.5) can be dragged away from the image.
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Figure 15.5. Colour table selection menu. Hitting " Reset" takesyou back to theoriginal colour table.

15.5.2. Editing the Cut Levels

The default cut levels for images is 99.5 per cent of pixel values. Selection of the "Edit cut levels..."
from Figure 15.4 displaysthe a cut level selection including a histogram of the current pixel intensity
values Figure 15.6. Hitting the "Reset" button always enables the default cut levels.

To select any other cut level the user can do one of two things.
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A button selection of cut levels (90, 95, 98, 99, 99.5 or 100 per cent). Note that selection of any of
these will adjust the histogram display above.

» Adjustment of the upper and/or lower-level cutoffs of the histogram by click-and-drag of the yellow
arrows (left or right) shown at either end of the histogram view.
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Figure 15.6. Cut level sdlection window. Hitting " Reset" takes you back to the original cut levels of 99.5
per cent.

15.5.3. Zoom In/Out

Selection of either of these provides an increase or decrease in zoom by afactor of 2.

15.5.4. Annotation Toolbox

The annotation toolbox is shown in Figure 15.7.
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Zhange Color...

Change Fant...

Figure 15.7. The annotation toolbox.

The icons in the annotation toolbox appearing in Figure 15.7 have the following usage (from left to
right and from top to bottom):

» Select annotation

» Select all annotationsin aregion
» Draw aline

» Draw arectangle

» Draw anédlipse
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» Draw apolyline

» Draw apolygon

 Draw with the free hand on the image

» Add atext annotation

» Remove the selected annotation(s)

* Remove al annotations

L etting the mouse linger over an icon also displaysits function.

The polygon and polyline methods will enable you to select points on the image which should be
used as a corner of the polygon using the mouse. Double-clicking the mouse will end the selection
procedure.

The three buttons below the ones already described change the view of the annotation. From top to
bottom:

» Change the thickness of the line
 Changethe colour of the annotation. The present colour of annotations is shown in the background.

» Change the font of the text annotation

Note

@ The Select all annotations in a region button only works when there are aready
annotations on the image. Pressing the button will select all the annotations which are
in the selected region. This button can be used to change the colour or the line width of
several annotations at once.

15.5.5. Screenshots and Printing Images

The last 2 possibilities within the image edit menu allows screenshots to be created in JPG, PNG or
BMP format or a printing to a user-selected printer. The user is also given the choice of whether the
image produced includes all overlays and annotations or not.

15.6. Image Transformations

I mage representations can be adjusted in the following ways:
» Clamp: or clipping an image.
 Crop: extract a seubsection of an image.
 Clamp: or clipping an image.
 Rotate: rotate image by an arbitrary angle
» Scale: image rescaling in user-selected factorsin X and Y.
» Trandate: move positive or negative pixel or sky amount of image within the frame.
» Transpose: flip or rotate by n x 90 degrees
15.6.1. Applying Image Transformations
All image transformations can be applied in the same way. First, select a Si npl el nage in the

"Variables' view, then go to the "Tasks" view and select -- from the Applicable Tasks folder -- the
appropriate image transformation (crop, clamp, rotate, scale, trandate or transpose). To select one
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of the transformation tasks, double-click on its name on the Tasks view. This will bring up a dialog
for the task.

Dialogswork inasimilar fashion for al image transformations. Options are presented in a pull-down
menu (e.g., the form of the interpolation of pixel values when rotating an image, see Figure 15.8) or
with an editable input such asthe rotation in degrees and the option for the name of the output variable
created following the transformation. Hitting "Accept” will run the task.

[#] Editor x -0
= mylmage? \(iy cutlevels \QI clamp ) crop | @ rotate X \& scale \(- translate \(0 transpose
Input

Input Image ® rylmage?

Rotation Angle ‘EI a ‘

Interpolation Bl-tinear (dsfauly -

Sub-sampling Bits Mearest Neighhor (fast)
Bi-linear {default)
L Bi-cubie

Bi-cubic2 (hes)
rotatedimage not available VariahleTo be created [

status:  unknown

progress 0% |

Figure 15.8. Example image transformation dialog. Rotating an image using the "rotate" task. Several
interpolation options are available.

15.6.2. Image Transformation Options
For each image transformation there are a set of options for the user.

15.6.2.1. Clamp Options

This allows the floor and ceiling of an image to be set. Values above the max or below the min input
by the user are set to the max and min values assigned by the user respectively.

15.6.2.2. Crop Options

A section of theimage to be extracted to another Simplelmage. Therange of X and Y pixel coordinate
values are input by the user.

15.6.2.3. Rotation Options

When rotating theimage, several types of interpolation are possible. By default, bi-linear interpolation
isused. There are four types of interpolation possible.

* Bi-linear [default] -- the default - interpolates one pixel to the right and one below.

» Nearest neighbour [fast] -- direct pixel copying, the fastest.

* Bi-cubic -- uses interpolation via a piecewise bi-cubic polynomial.

 Bi-cubic2 [slow] -- variant of bicubic interpolation that can give sharper results than bicubic.

15.6.2.4. Scale Options

Allows for different magnification in X and Y pixel directions. Possible interpolation types are as for
the "rotate” task.

15.6.2.5. Translate Options

Allows either X and Y pixel trandations or sky translations (coordinates input as strings of the form
"hh:mm:ss.s’ and "dd:mm:ss.s") can be input by the user.
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15.6.2.6. Transpose Options

Allows for different simple transpositions of images. The following transpositions can be done with
this task.

* Flip vertica (flips top and bottom)

* Flip horizontal (flipsfrom sideto side)
 Flip diagonal (bottom left to top right)

» Flip antidiagonal (top left to bottom right)
 Rotate 90 degrees (clockwise rotation)

* Rotate 180 degrees

* Rotate 270 degrees

Image Arithmetic

Images can be arithmetically manipulated (scalar or pair-wise combinations) to provide changed
versions of the original. In all cases, image arithmetic can be done by opening a dialog, filling in the
dialog and then clicking "Accept" to run the task (e.g., Figure 15.9).

15.7

Possible arithmetic tasks are:

» Absolute value (imageAbs). To obtain the absolute value image from the input.

» Add/Divide/Multiply/Subtract (imageAdd, imageDivide, imageMultiply, imageSubtract). This
allows either a scalar or a second image as the amount to be added/divided/multiplied/subtracted.
The second image can be input into the dialog by click-and-dragging of it from the "Variables'

view to the orange dot position in the dialog for the second image (see Figure 15.9) For images, the
combination is by pixels or WCS reference.

» Exponent of theimage. Including to the power N and 10 (imageExp, imageExpN, imageExp10).
» Log of theimage. Including base 10 or N (imagelL og, imagel 0g10, imagel ogN).

* Image to the power n (imagePower).

* Image rounding (imageRound).

» Square and square root of the image (imageSquare, imageSart).

Most of the above are self-explanatory. One example is shown in Figure 15.9.

" Editor x (=m]

5| ® imagendd x & imagsceil (& imagaDivide (& mageExp @ imagsHistogram (@ imageFow 4 b T

Input

1st addend @ mylmage2

Znd addend Image | & =none specified-
Reference es v|

sum not available Wariable to he created

info

status: unknown

progress: 0%

Figure 15.9. Exampleimage arithmetic dialog.
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15.8. Working with the World Coordinates
System (WCS)

The WCS information for an image is stored in its metadata which can be viewed using the Dataset
viewer.

The Wcs class enables the user to define a transformation between the pixel coordinates and world
coordinates. The following illustrates how we can typein (at acommand-line) aWCS. We create our
Wecs() object which we then add to afake Si npl el mage we set up to start with.

i = Sinplel mge()
i . i mmge=RESHAPE( Doubl eld. r ange(200*300), [ 200, 300])
# create a fake i nage 200x300 pi xels in size

nyWs = Ws() # set up the Ws() object

nyWs. ctypel = -"LINEAR' # start adding things to it....
nyWs. cdeltl = 5

nyWs. crval 1 = 200

nyWs.cunitl = -"K"

nyWs.crpixl = 0

nmyWs. ctype2 = -"LI NEAR'

nyWs. cdelt2 = -.05

nyWs.crval2 = 2.0

nyWs.cunit2 = -"V

nyWs. crpix2 = 0

i.wecs = nyWs # apply the set of WCS information to our inmage
print i.ws #to see the WCS of the image

Warning
o The above code will generate an image with the value 200 assigned to the NAXI S2
keyword and 300 assigned to NAXI S1. In other words, the image size will be 200 pixels
along the y axis and 300 pixels along the x axis. The coordinate values will be displayed
inthisorder (y, X) in the Image Viewer. For an explanation of why they size comes before
the x size, see section A note on array ordering in the User's Manual.

The above example will create a coordinate system, where the temperature and current are set for the
axes. The x-axisis LINEAR (ctypel), hasthe central pixel in column O (crpix1), hasavalue of 200in
the central pixel (crvall), uses steps of 5 (cdeltl) and has as unit Kelvin. The y-axisisaso LINEAR
(ctype2), has the central pixel in row 0 (crpix2, this is the top of the image), has a value of 2 in the
central pixel (crval2), uses steps of 0.05 (cdelt2) and has as unit Valts.

It is also possible to use the Wcs class to define transformations between pixel coordinates and sky
coordinates. This can be done using the standard Wcs parameters. An exampleis given below. It also
indicates how we can "set" WCS valuesin our WCS object :

wes2 = Ws() # @
wes2. set Crpi x1(128)

wes2. set Crpi x2(128) # ©
wes2. set Crval 1(101. 676612741936)

wes2. set Crval 2( 0. 829427624677429) # ©
wes?2. set Ctypel(" RA---TAN')

wes2. set Ctype2("DEG--TAN') # O
wes?2. set Radesys(" | CRS")

wes2. set Equi nox(2000.0) # ©

wes2. set Paraneter("cdl_1", --1.9064468150235E-6, -"")
wes2. set Paraneter ("cdl_2", 3.39797311269006E-4, -"")
wes2. set Paraneter ("cd2_1", 3.39811958581193E-4, -"")
wes2. set Paramet er ("cd2_2", 1.580446989748E-6, -"") #O
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A WS iscreated.

The central pixel isset. In this case, the central pixel isat (128, 128).

The value of the central pixel isset. In this case, thefirst central pixel islocated at 6h46'42.387"
and the second pixel at O degrees 49'45.94".

The type of the axesis set. The first axis defines the right ascension (in a gnomonic projection)
and the second axis defines the declination (in agnomonic projection).

The coordinate system is set (here, we use the standard ICRS type). The equinox is also set.
The linear transformation matrix is set. This definesthe pixel size and the rotation of theimages.

e ©6 o000

For more information on the WCS see Chapter 4 of the "DP Basic User's Manual."
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Chapter 16. HowTo Do Basic Image
Analysis in HIPE

Herschel Editorial Board

16.1. Introduction to Interactive Image
Analysis with HIPE

Basic image analysis described in this chapter involves the following tasks that are available within
the HIPE environment.

* aperture photometry

» image/area histograms

1D profile plotting

* contour plotting and overlays

All taskswork on aSi npl el mage that can be derived from a FITS fileimport (see HowTo chapter
on FITSand ASCII input/output) or even from an image file such as a JPEG -- which iswhat we will
use for illustrative purposes in this chapter.

16.2. Setup and Display of Images for
Analysis

In the chapter on Image Display we note how to create image coordinate systems and how to formulate
the Si npl el mage format from external sources. Si npl el nage format data is the standard map/
image dataformat that comesfrom the pipelining of Herschel dataduring standard pipeline processing.
Images from the Herschel Science Archive (HSA) are in this format. The following short script can
be adapted to create a Si npl el nage from any JPEG file and associate aWCS to it. The following
can be copied and pasted into the Editor view after opening a Jython script window, or copied into
the Console view and run from there.

# Create sone fake WCS infornation

myWs = Wes(crpixl = 29, crpix2 =29, crvall = 30.0, crval2 = --22.5, \
cdeltl = 0.00028, cdelt2 = 0.00028, ctypel="RA---TAN', ctype2 = -"DEC -TAN')

# Create a Sinplelmage with WCS in it

nyl mage2 = Si npl el mage(wes = nyWs)

#Put the image into the Sinplelnmage

# *.jpeg, *.jpg, *.tiff, *.tif, *.png, *.fits, *.fts or *.fit

# files are accepted.

i mport | mage(i mage = nyl mage2, filename="directory nanme/ ngc6992.jpg")

A Si npl el nage caled "mylmage2” is created and is available in the "Variables' view (See
Figure 16.1). It should be emphasised that it is possible to use ANY image created in an instrument
pipeline for the following tasks.

The importing of the image is aso possible via the "importimage" task available in the Tasks
view list. Click on "mylmage2" in the "Variables' view then double-click on the appropriate task,
"importimage”. A name can be typed in or a selection made by "Browse..."ing the system.
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Figure 16.1. The Variables view showsthe " mylmage2" highlighted. A double click on thisautomatically
brings up theimage in a new Editor window (top left). In the Tasks view the folder " Applicable", when
opened, shows the tasks that can be applied to this image.Variables view with Si npl el mage variable
highlighted.

Double-clicking on the variable "mylmage2" in the "Variables' view will automatically display the
image in a new Editor window. A single right click in the same place will indicate that this can be
"Open(ed) with..." a Product display aswell. This shows header information and the fact that there is
asingleimage dataset in the Si npl el nage product we have created.

The image appearing in the Editor view is displayed with the standard zoom/pan and editing
capabilitiesassociated withit that are discussed in the chapter "HowTo Create, Display and Manipulate
Images."

16.3. Getting a Si npl el mage a product out of
the Herschel Science Archive (HSA)

When downloading a product out of the science archive we access images from an
Observat i onCont ext. An Cbser vati onCont ext contains all the information associated
with asingle observation and its processing (including all associated calibration files). In a download
(see chapter on HowTo Access Data) from the HSA we have products made available from several
levels of processing at using the Herschel Science Center's Standard Product Generation pipelines.
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Figure 16.2. An Obser vat i onCont ext called "prod1" has been obtained from the HSA. Clicking on
thefoldersit containsin the" Outline" window allows usto get at the Level 2 product -- thefinal pipeline
output for this observation.Contents of an Gbser vat i onCont ext

[ B= Outline x ==

narme prod1 refs['level]
class MapContext
package herschel.ia.pal

= prodi refs['level2"].product
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- @ type: herschelia.datasetim
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- @ product {oad)
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Figure 16.3. A double-click on the product highlighted in bluein Figure 16.2 provides this Outline view.
A double-click on the product highlighted displays the image from the green channel of this PACS
observation.PACS green channel image access
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Figure 16.4. The PACS green channel image displayed in the full work bench of HIPE.

In the "Variables' and "Outline" displayed in Figure 16.2 and Figure 16.3 we see first an
obser vat i onCont ext called "prodl" which isaPACS photometer test observation -- which has
been expanded in the "Outline" view. A double click on the "Level2" product will show the outline
of the final processed image (which contains two PACS images in two channels of the photometer
taken simultaneously, a green channel and a blue channel). Thisis shown in Figure 16.3. We can aso
getthe Si npl el mage (e.g., nameit "imagel") by extracting it fromthe Cbser vat i onCont ext .
The line below can do this from the command-line of the "Console" view.

imgel = prodl.refs["level 2"]. product.refs["HPPAVGR'] . product

A double click on the product automatically opens up an image display of the test image. In the
"Outline" window we can actually see that there are several datasets which include an error map, a
coverage map and exposure map associated with the image (see Figure 16.4). A right click on any of
the associated datasets and going to "Open With..." alows a Dataset viewer to appear which shows
metadata and array data for the particular dataset.

16.4

Basic Analysis Capabilities

It should be noted that the overview and zoomed images displayed to the right of the displayed image
during basic image analysis are the reverse for those when just dislaying the image, as illustrated in
the "HowTo Display and Manipulate Images' chapter.

The basic analysis capabilities described in this chapter -- for application to Si npl el nagesare;

» 1D profile plotting. Sices can be taken through the image
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» making a histogram of the whole image or of a certain region of interest, which is bounded by a
circle, an elipse, arectangle or a polygon (the user should draw the bounding figure on the image)

* aperture photometry with a circular target aperture and an annular or arectangular sky aperture

* contour plotting and overlays

Note

@ Note that all these functionalities are also available via the command line in the HIPE
"Console" view. Using GUI/dialog interaction will copy the equivalent command to the
"Consol€" view. This can be copied and pasted into a script (if wanted) for possible use
in further, batch, processing.

16.4.1. 1D Profile Plotting

The 1D profile plotting capability allows the user to draw a straight line on an image and plot the
intensity along that straight line.

After double-clicking on the Variable "mylmage2" in the previous section the image was displayed
in an "Editor" window. The Applicable Tasks are also available including the task pr of i | e (see
Figure 16.5). A double-click on thisitem in the tasks list brings up another display of the image and
allows interaction with the mouse

L-JHIPE - Herschel Interactive Processing Environment

File Edit Run Window Help

=18lx]

(wi

] Editor X

o L!Mﬁega_mp\eafchanka_pyj'—? myimage2 X

5% variables x

LEsBEa@

@l Tasks x -8
= a)

rlimage Wiswer-

@ colors

@ contours

@ contours?

@ cut

@ database_property
@ DAYS

@ DECIBELS

@ ELECTRON_CHARGE
@ er

@ GIGAHERTZ

@ H_PLANCK

@ HERTZ

@ histogram

@ HOURS

@ hoverk

@ hplanck

@ hrs_chwidth

@ ip

@k

@ K_BOLTZMARNK
@ KILOHERTZ

@ KILOMETERS

@ MEGAHERTZ

@ METERS

@ MICROMETERS
@ MICROSECONDS

et s Bt S o Sl Eoas @ MILLIMETERS
= - - - - @ MILLISECONDS
| _________ o o MINUTES
@@@@F{ 298, 371 §1.000 02:00:24 8632, -22:2528.73 © myimage2
@ myWes
@ ONE
E console x [=o]||® PERCENT
T —|||® profilet
profiled = profile(inage=nyInageZ,beginX=498.0,begin¥=292.0,endx=472.0,end¥=292.0} @ profile2
profiled = profile(inage=nyInage2,beginX=478.0,begin¥=265.0,endx=513.0,end¥=268.0) @ profile3
Tas> -~ @ profiled

&= Apn

|- @ annularskynerurePhatornetry
@ automaticContour

L @ circleHistogram

@ clamp

b @ contour

L e crop

I @ cuilsvals

@ ellipseHistogram

L @ fagsaturatedPivels

| @ imagsans

L @ imageadd

L @ imageceil

L ® imageDivide

L @ imageExp

I @ imageExpio

L ® imageExpM

|C @ imageFloor

@ imageHistogram

L @ imageloy

I @ imageLogin

L ® imageLogN

L @ imageModulo

@ imageMultiply

L e imagePower

|C @ imageRound

I @ imagsSart

L @ imageSguare

|- @ imagesSubtract

@ importimage

L & manualContaur

@ Photometric dos storage
I @ Photametric drif correction
I @ Photametri trend bulder

@ polygonHistogram
Le

35%

Figure 16.5. The available tasks show pr of i | e isavailable for " mylmage2". Double-clicking on profile
after first highlighting mylmage2 in the Variableswindow createsa new display of theimagetogether with
thepr of i | e tool capabilities. Accessing thepr of i | e task

Now we can start drawing the straight line on the active image. The beginning of the line can be
fixed by clicking once on the image. While moving the mouse over the active iamge, the straight line
will be updated, until the end of the straight line is fixed by clicking a second time on the image.
Simultaneously, the intensity plot along the straight line in an extension of the window below the
displayed image (see Figure 16.6). The window is scrollable so the whole profile display can be seen
by scrolling down (see Figure 16.7).
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Figure 16.6. A 1D profile plot interaction
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Figure 16.7. Sameasfor Figure 16.6 but scrolling down to show the profile display.

16.4.2. Area Histogram

34%

One can make a histogram of an image as awhole, or of a certain region of interest which is specified
by the user. Thisregion can be bounded by aCIRCLE, an ELLIPSE, aRECTANGLE or aPOLY GON,

which has to be drawn on the image, or can be for the whole image.
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We sart the procedure for making an area histogram by choosing one of the
i mgeH st ogram pol ygonHi stogram circleH stogram ellipseH stogram
orrect angl eHi st ogr amtasks.

First click on aSi npl el mage inthelist of Variables, e.g. "mylmage2". Then double-click one of
the histogram tasks in the Tasks view. This brings up a new image and activates the mouse so that an
image area can be selected. To cover an areawith acircle, ellipse or rectangle do aclick-and-drag. On
release, the area selected is shown overlaid on the image.

The histogram is constructed from the intensity values of the selected pixels and the input of the min
and max cut levels in the boxes provoided, plus the number of bins for the histogram. Hitting the
"Accept" button does several things.

* A histogram is formulated in the Editor window (scroll down).
» Theequivalent command lineis shown in the Console view which includes anamed output object.

* The histogram values are placed in a dataset that appears in the Variables list. In Figure 16.8 this
iscalled "histogram?2".

» Theoutput (e.g., "histogram2") appears highlighted in the Variablesview and appearsin the Outline
view. Double-clicking this output value in the Variables view provides the histogram together with
key information (see Figure 16.9).

For thepol ygonHi st ogr amthe only difference isthat each corner isindicated by asingle mouse
click. The polygon areacompl etion isindicated by amouse double-click. Otherwise, thisworksin the
same way as the other histogram tasks.

7 Editor X

@%"ﬁ a @I“I}il 307, 152 | g23.000 | 02:00:08.942 -22:25:19.76

Parameters
Cutlevals {rmin, mas) 600 ||z00.0 |
Eing 12 |

[

Clear Accept

infa

statis: SUrEESS

1]

Figure 16.8. Circle histogram area selection and parameter selection. These appear in the HIPE " Editor"
view.Circle histogram
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Figure 16.9. Display of the histogram results held in the histogram output in an expanded Editor
view.Histogram display

16.4.3. Aperture Photometry

One can also perform aperture photometry on animage, using acircular target aperture and an annular
or arectangular sky aperture. There are five algorithms that can be used to estimate the sky : average,
median, mean-median, the synthetic mode and daophot. | n the mean-median method all values further
away from the median than a specified number of times the standard deviation (i.c. 1.5) are discarded
and the remaining values are averaged. The daophot method is atrandlation of the algorithm used
in the aophot package from IDL to Java.

A dsat to doing annular aperture photometry can be made by choosing the
annul ar SkyApert ur ePhot onet ry item in the Tasks menu following selection of the
appropriate imagein the"Variables' menu. This providestheimagein the "Editor" view below which
isthe dialog for the aperture photometry task options (see 2?2?). Thisis easiest seen by expanding the
"Editor" view window and scrolling down below the image.

There are three mechanisms by which the photometry area can be identified.
By click-and-drag mouse interactions.

» By pixel region selection.

» By sky coordinate selection.

The default is by mouse interaction. A single click on the image allows places acircle on the image at
the mouse point. The user then inputsavaluefor the object aperture radius and inner and outer radii for
sky subtraction. A selection should be madefor the appropriatefitter (e.g. daophot) and pressing accept
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leadsto an output in the variable "result”. Thecircular radii are shown on theimage (see Figure 16.10).
Toredo -- pressthe "Clear" button.

A sky position or pixel position can also be selected. Selection of either of these possibilities enables
an update to theinput screen alowing the sky/pixel valuesto beinput. For the sky position (at present)
the format of input is "02:00:39.4" for RA and "-22:27:20.6" for Dec. Note that the quotations are
necessary astheinput isastring. Thisislikely to be changed to allow variousinput typesin the future.

The results can be displayed by double-clicking on the "result” variable shown in the "Variables'
menu (see Figure 16.11)

[-JHIPE - Herschel Interactive Processing Envitonment — & x|
File Edit Run Window Help
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] Editor x

A = ]

-2
leweliFipeline @ hrsPipeline ' ® whsPigeling ® new1 17 .UM_examp_les_chaqu.py\ﬂa_m\clmagazjﬁ annularSkyAperturePhotometry x E tesultz

(a hif-hsapool-cached.py
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rApertur
Radius ‘Pixe\s "
Target apertul Sky apertu
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Outer radius [pixels] [15.0 |
- Gky estimation
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Figure 16.10. Aperture photometry with an annular sky aperture asdisplayed in HIPE.
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Figure 16.11. Aperture photometry results plot and tables. Note that n.a. relatesto " not applicable" and
typically will occur when units are not assigned to the image.Results of sky aperture measurement.

A similar capability isavailablefor using arectangular sky aperture. Rectangular aperture photometry
can be done by choosing ther ect angul ar SkyAper t ur ePhot onet r y itemin the Tasks menu
following selection of the appropriate image in the "Variables' menu. Similar to the above, asingle
mouse click can be used to identify the target or a sky or pixel position can be indicated by the user.
A rectangular sky aperture can then be selected by a click-and-drag across a region of the image (see
Figure 16.12). Following the calculation for the first position, the same rectangular box can be used
for the sky and afurther single click on the image picks out a new object. Hitting the " Accept" button
allows another result for this new position.
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Figure 16.12. Aperture photometry with an annular sky aperture asdisplayed in HIPE.

Theresults for both aperture photometry tasks provide the curve of growth. Thisisaplot of the target
flux as afunction of the target radius. Such a plot can be used to see whether avalid target radius has
been given. When an annular aperture is used to estimate the sky, a sky intensity plot is aso shown.
This plot shows the intensity per sky pixel as a function of a varying inner radius (the outer radius
isfixed).

16.4.4. How to run the source extractor in HIPE

16.4.4.1. Introduction to source extraction in HIPE

HIPE includes a source extractor ("sourceExtractor”), designed primarily for use on PACS and
SPIRE maps. It currently features implementations of the DAOPHOT (classic) and SUSSEXtractor
algorithms for extraction of point sources with a known profile. This chapter explains how to use
the source extractor; advanced usage is described in the User's Reference Manual entry for the
SourceExtractorTask.

16.4.4.2. Extracting sources from a Simplelmage

The example image used in this section is a simulation of a SPIRE 250 micron image of a grid
of sources. This is imported into HIPE, where it appears as a Simple Image. In the Work Bench
perspective, inthe Tasksview, under "Applicable”, "sourceExtractor” appears as one of the applicable
tasks for a Simplelmage. Thisis shown in Figure 16.13.
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Figure 16.13. The Work Bench perspective, showing the example image, with " sourceExtractor"
highlighted in thelist of applicable tasks.

Experienced users are likely to use the sourceExtractor task as part of a Jython script. However, the
easiest way to learn how to use the task is through the graphical user interface (GUI). Double-clicking
on the "sourceExtractor” in the applicable tasks list will open the GUI for the source extractor. This
is shown in Figure 16.14.
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In order to launch the task, the mandatory parameters must be filled in. These are marked with an
asterisk (*) in the GUI. If the mouse pointer is placed over the name of a task parameter, a box
will appear giving information about that parameter. In this example, the parameters till to be filled
in are the detection threshold ("detThreshold") and the full-width-half-maximum (FWHM) of the
(Gaussian) point response function ("fwhm"). In this example, these are set to be 5.0 for the detection
threshold (corresponding to a 5-sigma detection) and to 18.0 arcsec for the FWHM, corresponding
to the approximate size of the SPIRE beam for the PSW array. Clicking "Accept" launches the task.
The status and progress may be followed in the task GUI. Long-running tasks may be interrupted
by selecting "Stop" from the "Run" menu. Figure 16.15 shows the task GUI once the task has been
compl eted.
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Thetask GUI isessentially aconvenient method of created aJython command to executethetask. Once
the task has been completed, the Console view displays the Jython commands executed to perform
the sourceExtractor task. This shown in Figure 16.16.

El Console x %, [ il

HIPE> sourcelist = F
sourceExtractor|image=spire250,detThreshold=5.0, fwhm=18.0,pixelRegion=2.5,algorithm=
"sussextractor”, fluxPriorsLambda=1.0)

HIPE> filteredMap = sourceExtractor.filteredMap

HIPE>

HIPE>

HIPE>

HIPE>

HIPE>

<l

Figure 16.16. The Console view after the sour ceExtractor task has been launched from thetask GUI.

In order to repeat the source extraction as part of a Jython script, the user need simply copy these
commands into the script, rather than entering parameters manually into the GUI. Two commands
were executed by the task. (1) The first created the primary output, a SourceListProduct, given the
name "sourceList". Thiswill appear in the Variablesview. Double- clicking on "sourceList" opensthe
SourceListProduct in the Product Viewer. Thisisshownin Figure 16.17, with the Dataset highlighted.
The Dataset in a SourceListProduct is a " SourcelListDataset”, which isakind of TableDataset.
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3 161.6953...58.91521... 0.0 0.0 0.0 0.0
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5 161.4984...58.91604... 0.0 0.0 0.0 0.0 L
5] 161.5003...58.81604... 0.0 0.0 0.0 0.0 k'
7 161.3072...58.81657... 0.0 0.0 0.0 0.0 1

Figure 16.17. The Sour ceL istProduct shown in the Product Viewer, with the dataset highlighted.

(2) The second command obtains an optional output from the sourceExtractor task, the "filteredMap”,
which is another Simplelmage. For the SUSSEXtractor algorithm, this is equal to the input map
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convolved with the point response function, such that the value at each pixel gives an estimate of
the flux of a source, in mJy, assuming there is a source located at the centre of that pixel. For the
DAOPHOT agorithm, the filteredMap gives the input map convolved with the DAOPHOT kerndl.
This may be viewed by double-clicking on "filteredMap" in the Variables view.

16.4.4.3. Displaying extracted sources on an image

Having extracted the sources in an image, the user islikely to want to see where the extracted sources
lieintheimage. Thiscan easily be done by displaying the original Simplelmageinthe Editor view, and
then dragging and dropping the SourceL istProduct from the Variables view onto the displayed image.
A circleisnow overlaid at the location of each source. The result of thisis shown in Figure 16.18.

a00 HIPE - Herschel Interactive Processing Environment
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[ Tasks & x][E Console & x]
§J 118 of 4091 MB .

Figure 16.18. The original image with the locations of the extracted sour ces overlaid ascircles.

16.4.4.4. Specifying positions of known sources

Often the user will be interested in the fluxes of sources at known positions, e.g., from previous
observations made at mid-infrared wavelengths. If these sources are contained in a SourcelListProduct,
this can be used as an input to the sourceExtractor task to specify the positions of sources. The task
will then give the fluxes of sources at those positions. This is shown in Figure 16.19, where the
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known sources are provided by another SourcelListProduct, "knownSourceList". Thisis specified as
the "inputSourceList" parameter for the task.
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Figure 16.19. The sour ceExtractor task GUI, with " knownSourcelL ist" specified asthe" inputSourcelist”
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16.4.4.5. Specifying a custom point response function

By default, the sourceExtractor task assumes a Gaussian point response function (PRF), with full-
width-half-maximum (in arcsec) provided by the "fwhm" parameter. Alternatively, acustom PRF may
be specified by the "prf" parameter. This should be a Simplelmage of odd dimension, with the peak
at the centre, normalised such that the PRF image gives the (central pixels) of a point source of flux
1 Jy, in the units of the input map.

16.4.4.6. Working with source lists in ASCII files

One may wish to work with external ASCII files, either to export Herschel source lists, or to
import other source lists, either to provide known positions for the HIPE source extractor, or for
use in other analyses. This may easily be done using the asciiTableéWriter and ascii TableReader
tasks. To save a Herschel source list as an ASCII file, first the SourcelistDataset must be retrieved
from the SourcelListProduct. A SourcelListDataset is a kind of TableDataset, and consequently the
ascii TableWriter will appear in the applicable taskslist. Thisis shown in Figure 16.20.
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Figure 16.20. Exporting a SourcelListProduct as an ASCI|I file. First, the SourcelListDataset is retrieved
usingthecommand " sour cel istDataset = sourcel ist.getDefault" . Then " sour celistDataset" ishighlighted
in the Variablesview. In the Tasks view, " asciiTableWriter" now appears as an applicable task. Double-
clicking thisopensthe GUI for the asciiTableWriter, as shown in the Figure.

To import an ASCII file as a SourceListProduct, first the ascii TableReader should be launched. This
isshown in Figure 16.21, for asource list contained in "sourcelist.txt".

This creates a TableDataset, "table". This may be converted into a SourcelistProduct called
"importedSourcelist" using the command "importedSourceList = SourceListProduct(table)”. It is
important to note that the column names in the imported source list must match the default column
namesinaSourcelistDataset ("ra", "dec”, "flux”, etc.), although whether these names are upper, lower
or mixed case does not matter.
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Figure16.21. TheasciiTableReader task for importing sourcelist.txt.

16.4.4.7. Working with source lists in FITS files A
SourcelListProduct may be exported or imported as a FITS file.

This may be useful for working with applications such at TOPCAT. To export a SourcelListProduct
as a FITS file, simply select the name of the SourcelistProduct in the Variables view, and the
"simpleFitsWriter" task should appear in the list of applicable tasks. To import a FITS file as a
SourcelistProduct, simple select "Open" from the "File" menu, and select the FITSfile. Thislaunches
the simpleFitsReader, and the FITS file will be imported as a Herschel Product. If the FITS file
contained an exported Herschel SourcelistProduct, then the imported Product will be of this type.
Otherwise, the imported Product will be ageneric Product, with the source list contained in a Dataset.
For example, if the Dataset has the name "HDU_1", then a SourceL.istProduct may be created using
the command

HI PE> i nport edSour ceLi st = Sour ceLi st Product (sourceLi st["HDU 1"])
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Thisis shown in Figure 16.22.
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HIPE> importedSourcelist = SourcelistProduct (sourcelist["HDU 1"])
HIPE=>
HIPE=>

Figure 16.22. The asciiTableReader task for importing sour ceL ist.txt.

[ el

16.4.5. Contour Plotting

Another functionality of thetoolbox is contour plotting. A contour plot connectsall pointsin theimage
with the same intensity, like isobars on a weather map.

First we create the contours. We then, later, overlay these contours on any image we wish.

There are two methods for providing a set of contours for display. The first is an
aut omat i cCont our where the number of contour levels and a min and max contour level are
selected and the intermediate levels are generated automatically with linear, In or log intervals of
intensity. The second isanmanual Cont our where the values of each contour level areindividually
put in by the user.

In either case we, as usual, start by clicking the name of the image we want to be countoured from
the"Variables' list. Then we choose either aut omat i cCont our or manual Cont our by double-
clicking these itemsin the "Tasks" list (see Figure 16.23for example).
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] Editor X (=0
;ﬂ" Mewe1 (P UM_examples_chacks py @ myimags2 T @ automaticContour X rs
rinput

Image ® mylmage?

MKumber of contour levels

Extreme contour values {min, max) ‘ H

Distribution Log hd
output

contours not available Wariahle o be created |contours

status; unknown

progress 0% |

Figure 16.23. Dialog for aut omat i cCont our .

In either case, we create an output (editable value for user), e.g. "contours'. When hitting the " Accept”
button thisis the variable that will store the contour results.

199



Chapter 17. How to Save/Play Back
Scripts in HIPE

Herschel Editorial Board

17.1. Introduction

Hipe keeps a running record of all itemstyped or actiona taken using the graphical interface (Mouse
points and clicks). The purpose of this article is to identify the steps you can take to save this
information. The goal is to be able to keep a record of al actions and create a Jython script which

can be resused or slightly modified.

17.2.

History view up from the Window--Show view pull down menu.

1. Inthe History view. Mouse left mouse click on the column called "Command". The entire column

should be now selected.

2. From the "File" button at the top left of the HIPE window, create a new (blank) Jython script.
3. Then right-mouse click on the selection and Choose copy.

4. Move the cursor to the blank Jython script page and either select the "Paste” command in the Edit

pull down menu or type Ctrl-V. The script will appear in the Editor window.

5. Your new Jython script can be saved for later importing (via the Navigator view).

The following screen shots show what is described above.

DP-SAG response on User Vision

And...

File Edit Run Window Help

How to save/ play back a script in HIPE

These are the steps to follow using to save al the commands which were given to HIPE during your
session. In the tab bar with the Console view there is a tab called history. You can also bring this

] @Hep

52 variables x Naj 4 p % -0

-

B3| =
@ apid

@ apids

@ bufferl

@ buffer2

@ chopperscans

@ Ink
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Error

NameError: ney

Traceback (innermost last):
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DP-S5AG response on User Vision
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To save the script to file (default extension .py), click on the Editor view tab that contains the script
-- which brings the script to the foreground -- then hit CTRL-S. The file will be saved. If you have
not already provided a directory and name for the script then you are prompted for one, otherwise the
previous version is overwritten at the same place in your directory structure.

Alternatively -- click on the appropriate Editor tab (as above) and then go to the "File" pull-down
menu at top left of HIPE. Go to "Save" or "Save As...".

17.3. How to Play Back a Script from the
Command Line

The main way in which ascript is developed and run in the HIPE environment is via the Editor screen,
as described above. It can also then be saved -- as noted above. However, it is also possible to play
back a saved script that ison the disk using theexecf i | e command. Enter something similar to the
following on the command-line of the Console view (do not forget the quotation marks).

execfile("<full path name><file name>")
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