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Preface

This document describes al the data analysis and visualization tools available in HIPE:

» Datainput/output tools. Chapter 1

ASCII tabledataimport/export tools.  Chapter 2

Plotting tools.  Chapter 3
e Imageanalysistools. Chapter 4

e Spectral analysistools. Chapter 5

Spectral analysistoolsfor cubes. Chapter 6

Spectral fitting tools.  Chapter 7

If you areinterested in knowing more about HIPE and its features, see the HIPE Owner's Guide.

If you are interested in knowing more about the scripting language and data types used by HIPE, see
the Scripting Guide.

Note

@ Since HIPE is a multi-platform software, screenshotsin this manual come from different
operating systems. Do not worry if thelook and feel on your system isdifferent from what
you seein this manual: all the relevant features are system-independent.

1. Conventions used in this manual

Interactive code examples. These are code examples where you are supposed to issue commands
in the Console view of HIPE. These examples never show the Hl PE> prompt that appears in the
Console view. The output by HIPE is preceded by a hash mark #. The hash mark does not appear
when you try the examplein HIPE.

print "Hello"
# Hello

Example 1. Printing " hello" to the console.

Variablenames. The names of variables in code examples are shown in a different typeface than
the rest of the code, to indicate that they are not fixed keywords but can be changed. In the following
example, you can use a different name instead of my Cbs, while you must type get Cbser vati on
and obsi d exactly as shown:

myCbs = get Cbservati on(obsi d=1342183046)
Example 2. How to retrieve an observation given an observation ID.

Java-styleand Jython-stylemethod calling.  With most objectsyou interact with viathe command
linein HIPE, you can get and set values via methods whose hames begin by get and set :

myPlot.setTitleText("Plot title")
print nmyPlot.getTitleText()
# Plot title

Example 3. Setting a title plot.

Jython offersasimplified syntax for these cases:
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myPlot.titleText = "Plot title"
print nyPlot.titleText
# Plot title

Example 4. Setting properties using Jython syntax.

This manual uses the simplified syntax, but you are free to use either style in your scripts. Note that
the simplified syntax exists only for get and set methods.
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Chapter 1. Data input/output

This chapter and the next describe how to import data into HIPE from a variety of sources and how
to export data from HIPE to a variety of destinations.

There are four main topics related to data input/output in HIPE. These correspond to the four icons
you see when clicking on Access Data from the Welcome HIPE view:

Import FITS Files

FITS files may be loaded into the
session directly, so both its contents and
header (meta-data) can be accessed.
You can read FITS files generated with
Herschel software as well as standard
FITS files.

The Data Access perspective provides
the means to query and download
products from the Herschel Science
Archive into HIPE, as well as export
them for external use.

Import ASCIl Tables

Tables of data written in text files can be
read and imported into the session as
what is called "Table Datasets” in
Herschel terminology.

The exact columns and separators that

Product Browser

The Product Access Layer (PAL)
pravides the means to access and store
data products from and to a variety of
storage locations, be it remotely (and
cached) or locally.

The Product Browser allows to query you expect for your data can be
and retrieve data from PAL storages. specified in the task dialog for reading
the table.

» Data Access: this perspective provides all the tools to get your data from the Herschel Science
Archive (HSA). See Section 1.4 for more information.

» AccessDataProducts: aninfrastructureto help you store, query and retrieve Herschel dataon your
computer. See Section 1.7 for more information.

e Import FITSfiles. save your datato FITS and import external FITS files. HIPE will do its best
to determine what's inside the file and act accordingly. See Section 1.16.2 for importing Herschel
data and Section 1.16 for importing non-Herschel data.

» Import text tables: save and read data as text-only filesin avariety of formats. See Chapter 2 for
more information.

Y ou can also exchange data with applications compatible with Virtual Observatory standards, such as
SAOImage DS9 and Topcat. See Section 1.17 for more information.

1.1. Components of an observation

Herschel observations (more formally, observation contexts ) contain many data products, grouped
in severa contexts . Contexts are special products that contain references to other products, alowing
data to be organized in a very natura, tree-like structure. Moreover, these references can point not
only to products loaded into a HIPE session, but also to products still on your local disk, or even
stored in the Herschel Science Archive. Thisfeature allowsHIPE to easily keep track of all the various
pieces of data associated with processing of an observation, and to load these automatically when
needed, regardless of wherethey are stored. For moreinformation on contexts, seethe Scripting Guide
: Section 2.8.5 in Scripting Guide .

The following is the structure of atypical observation, common to all instruments and all observing
modes:

History: Contains the automatically generated script of actions per-
formed on your data, a history of the tasks applied to the data,
and the parameters belonging to those tasks.
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Auxiliary context: All Herschel non-science spacecraft data required directly or
indirectly in the processing and analysis of the scientific data.

Browse image product A thumbnail image associated with an observation. Thisisthe
thumbnail you see when you browse observations in the Her-
schel Science Archive, or when you open an observation with
the Observation Viewer in HIPE.

Browse product A representative product from an observation, for example an
image or a spectrum. Useful for quick browsing and inspection
of observations.

Calibration context: The parameters that characterise the behaviour of the satellite
and the instruments. Used for reprocessing data.

Level-0 context: Raw data, minimally manipulated.

Level-0.5 context: Data processed to an intermediate point adequate for inspec-
tion.

Level-1 context: Detector readouts calibrated and converted to physical units, in

principle instrument and observatory independent.

Level-2 context: Scientific analysiscan be performed. Thesedataproductsarein
theory at a publishable quality level and should be suitable for
Virtual Observatory access. However, please consult the TWiki
pages set up by HIFI, PACS and SPIRE for more information
on the quality of these products.

Level-2.5 context: * For PACS, level 2.5 products are photometric maps (Si m
pl el mage) produced with MadMap and the high-pass-fil-
ter pipeline, combining the scan and cross-scan AORs.

» For SPIRE, level 2.5 products are destriped maps combinin-
ing from the scan and cross-scan AORs from parallel mode.

e For HIFI, level 2.5 contents depend on the AOT. Broadly
there are three kinds of HIFI AOTSs: single point observa-
tions, spectral scan observations and mapping observations.
Thefirst two of thesewill produce one or more single spectra
while the last will produce a spectral cube.

Level-3 context: « For the PACS photometer, level 3 products are photomet-
ric maps (Si npl el mage) produced by the high-passHil-
ter pipeline, combining all overlapping images from agiven
program.

» For the SPIRE photometer, level 3 products are combined
maps of any overlapping areas from the same proposal using
scan mode AOTs. The maps are mosaics of the level-2 maps
that have been calibrated for extended emission and havethe
Planck zero-level correction applied.

Observation log context: A log of actions performed on the Products in the observation
context.
Quiality context: I ssuesflagged by the pipelinesthat indicate possibleissueswith

the quality of the data or pipelining. An empty quality report
indicates no problems in processing.



http://herschel.esac.esa.int/twiki/bin/view/Public/HifiCalibrationWeb
http://herschel.esac.esa.int/twiki/bin/view/Public/PacsCalibrationWeb
http://herschel.esac.esa.int/twiki/bin/view/Public/SpireCalibrationWeb
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Trend analysis context Products useful for tracking systematic changes in instrument
response over time.

1.2. Typical workflow

This section describes the typical workflow involved with downloading, reprocessing and saving a
single observation.

-~

Save observation
to disk

Load observation

Download observation into HIPE

Reprocess observation

Figure 1.1. Typical workflow for downloading, reprocessing and saving an observation.

Download observation. Download your observation from the Herschel Science
Archive. Y ou can download atar file from the HSA User Inter-
face, or get an observation directly into HIPE with the follow-
ing command, provided you know the obsid already:

obs = get Cbservati on(obsi d=1342231345, useHsa=Tr ue,
save=Tr ue)

Example 1.1. Getting an observation from the HSA and saving it
locally.

See Section 1.4.5 for more details.

Warning
O The example above downloads an entire ob-

servation and saves it to disk. This could be
expensive both in time (depending on network
conditions) and disk space (as there are obser-
vations that take several gigabytes).

Load observation into HIPE. Needed only if you downloaded a tar file from the Herschel
Science Archivein the previousstep. Extract the contents of the
tar file into any directory and load the observation into HIPE
with the following command, where /path/to/dir is
the path to the directory containing the observation:

myQbs = get Cbservation(path="/path/to/dir")

Example 1.2. Creating a variable from an observation previously
saved to disk.

See Section 1.5 for more details.

Reprocess observation. This step depends on what kind of observation you have down-
loaded. Each of the Herschel instruments' data reduction guides
includes a Launch Pad with quick-look information about how
to reprocess your data.

¢ HIFI Launch Pad

¢ PACS Launch Pad for photometry and spectroscopy .

¢ SPIRE Launch Pad

Save observation to disk Once you have reprocessed your observation, you can save it
to disk with the following command:



../../hifi_um/html/hificookbook.html
../../pacs_phot/html/PdrgP.Chp.1.html
../../pacs_spec/html/PdrgS.Chp.1.html
../../spire_drg/html/spire-launchpad.html
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bg(" savePr oduct ( pr oduct =nyObs, pool =" nyPool ',
tag=" M/ reprocessed data')")

Example 1.3. How to save a product to a local pool, in the back-
ground.

Notethat you will not overwritethe original observation down-
loaded from the Herschel Archive. See Section 1.10 for more
details.

In subsequent HIPE sessions, you can open the original observation or the reprocessed versions with
the following command, provided you know the obsid:

obs = get Cbservati on(obsi d=1342231345)
Example 1.4. Getting an observation from the HSA given the observation ID.

HIPE will search for the observation in the following locations (see Section 1.3 for more information
on where your data are stored):

» A pool named likethe obsid in your local pool directory (by default . hcss/ | st or e inyour home
directory).

» Any other pool in your local pool directory.
* The MyHSA pool.

See Section 1.7 for more information on retrieving observations from disk.

1.3. How data are stored on your disk

This section describes where HIPE keeps Herschel data on your disk. Note that you do not need to
know whereacertain dataproduct or observation isstored, because you can use HI PE to search through
all the Herschel data stored on your computer. See Section 1.7 for more information.

Datafrom theHerschel ScienceArchive.  Observationsyou download from the Herschel Science
Archive are stored in tar files. Once you unpack an observation and load it into HIPE, the contents are
indexed and referenced by a specia data pool called MyHSA .

If you get your data from the Herschel Science Archive viathe getObservation command, with the
useHsa=Tr ue and save=Tr ue options, the data are stored directly in the MyHSA pool. See Sec-
tion 1.4.5 for more details.

You can set the directory where the MyHSA pool is stored by choosing Edit - Preferences and
clicking MyHSA intheleft-hand sidelist. The repository iskept by default in aMy HSA directory inside
the. hcss directory.

Note that MyHSA contains only unmodified data downloaded from the Archive. It is like your local
copy of the Herschel Science Archive with the observations of interest to you. Reprocessed data are
stored elsewhere.

Warning
o Do not change the contents of the MyHSA directory manually. Always handle your data
through HIPE, as described in this chapter.

Reprocessed observations.  Observations and data products you save after reprocessing are stored
into pools, which aregroupedinto storages. A pool isarepository you can useto save, load and search
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observations and data products. A storage groups one or more pools. Every pool must be registered
to astorage. A common situation is a storage containing asingle pool. If a storage contains more than
one pool, only the first registered pool is accessible for writing.

Storage

Storage

Figure 1.2. Pools and storages. All pools must beregistered to a storage. A pool can beregistered to more
than one storage. A common situation is a storage containing a single pool.

There are many types of pools, for handling local and remote data. The local pool , or local store |,
is probably the one you will use most often. As the name suggests, this pool is held locally on your
system, usualy ina. hcss/ | st or e directory under your home directory. Although products are
stored as FITSfiles, you should use the graphical tools provided by HIPE and described in this chapter
(seefor instance Section 1.7 ) rather than manipulating the files directly.

Note
@ Local pools are aso called local stores for historical reasons, but they are pools , not
storages.

See Section 1.3.1 for more information on how to manage pools and storages on your system.
This chapter contains all you need to know to use pools and storages in most situations. If you want

to delve deeper and learn how to manage pools and storages from the command line, see the Scripting
Guide : Chapter 7 in Scripting Guide.

Managing storages and pools

Sorages and pools are the two toolswith which you can store and retrieve data on your computer (see
Section 1.3 for more details). With the Storages & Pools panel in the Preferences dial ogue window
(see Figure 1.3 ) you can create, delete and associate storages and pools.

To open this window, choose Edit - Preferences or press Alt+Enter , then go to Data Access >
Sorages & Pools.
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Data Access > Storages & Pools @

rStorages

& cal-local
@ pipeline-out
@ nifi-cal

& cal-local-hsa
@ pipeline-out
@ nifi-cal
@ hsa

€ defaun

@, pipeline-out

|| [l Add storages from variables automatically

@ 1342190183
@ 1342216814
@ 1242219576
@ 1342231722

o] (D There may be specific preferences per pool type.
| Pool 1342238244

Local Pool w | [ Use cache

P 1342238 Parameter | Walue
G ralsdo_test staredic |fhome fdrizzaf.hess/Istoref 1342238244
@ hifi-aux
@ nifi-cal
@ hifi_ops_aux
. || [ Add pools from variahles automatically
| agg || Remoe | [ Refresh |

Restore Defaulis | | Apaly

Figure 1.3. Preferencesfor data access

Within this window you can accomplish the following tasks:

» Creating and deleting pools. In the Pools area, click Add , enter the pool name and click OK .
Y ou can choose what kind of pool to create from the drop-down list. If you are unsure, or if you

just want to store data on your local disk, leave the Local Pool default.

For pools fetching remote data (V ersant Database Pool and HT TP Pool) you can cache datalocally
by ticking the Use cache checkbox.

You can set other properties of the new pool (for instance, the directory of a Local Pool) in the
parameters table.

Click Apply when you are done.
To delete apool, select it from thelist and click Remove .

Torefreshthelist of poals, click Refresh . Thisisuseful if, for instance, you copy apool into your
local pool directory while HIPE is running.

» Creating and deleting storages. Usethe Add and Remove buttonsin the Storages area, in the
same way as with pools.

* Registering poolsto storages. Select apool inthe Poolsareaand drag it to astoragein the Storages
area

By ticking the Add pools/storages from variables automatically checkboxes, any new pools or stor-
ages you create elsewhere in HIPE (for instance, from the command line) will appear automatically
in this dialogue window.

Note that this does not work the other way around: pools and storages created in this dialogue window
will not appear as variablesin the Variables view.

Warning

O Do not remove pools from disk while you have variablesin HIPE referring to datain those
pools. Since HIPE does not always keep all the contents of avariablein memory, you may
not be able to save the variable contents to disk again.
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1.4. Getting observations from the Herschel
Science Archive

This section outlines the steps for getting your data out of the Herschel Science Archive, and servesas
amap for the rest of the subsections. Four common workflows are outlined in the following flowchart.
See the text after the flowchart for links to the relevant documentation.

I'warl lo browsa
available

lwant bulk
dawnload af many

I'want to find
observations for

| want data

far a single observations by a spaciile observations and |
observalion pasition, pablil
and Low observing made program bt | chservation IDs
the OBSID andior dont know the

proprietary 0BSIDs

status

Logging into Logging into the HSA

the HSA Logging into the HSA Logging into
the HSA
Finding
observation
I want all 105 outside
the data e — - Finding the HSA want the Iwant the
downloaded Finding observations b i ProGessing data
salacted in the HSA observations version
to my parts in n in the HSA i reprocessed
camputer HIPE currently in with the
the archive |atast
pipeline
release
7 Downloadin
D::‘:I::S::g Browsing an Inspecting the (Proceed with ple On-demand
observation observation quety results of " ane of the observations i ing of
in the HSA an observation other ehservations
""toha"gl’s“’“ workflows as
appropriate)

Figure 1.4. Workflowsfor retrieving observation data from the Her schel Science Archive

* Workflow A: You want data for a specific observation and you know the OBSID.
1. Log into the HSA as shown in Section 1.4.1 .
2. If you want all datafor the observation to download to your computer, see Section 1.4.5 .
3. If you want to browse parts of the observation in HIPE, see Section 1.4.6 .

» Workflow B: Y ou want to browsethe ar chive by position, observing mode and/or proprietary
status.

1. Loginto the HSA as shown in Section 1.4.1 .
2. Search for datain the HSA: Section 1.4.2 .
3. See Section 1.4.3 for an explanation of the information that is returned

» Workflow C: You want a list of observations for a specific program but you don't know the
OBSIDs.

a. Using the HSA User Interface: First, log into the HSA as shown in Section 1.4.1 . Then, query
the archive following the instructions in Section 1.4.2 .

b. Using the online observing log: follow the instructionsin Section 1.4.4 .

With the list of OBSIDs in hand, you may proceed with any of the other workflows to download
or browse the data.
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e Workflow D: You have a list of multiple OBSIDs and you want to download the data for all
of them.

1. Log intothe HSA asshownin Section 1.4.1.

2. Download the data, requesting either the processing version currently in the archive, or repro-
cessing using the current pipeline release:

a. To download the data currently in the archive, see Section 1.4.7 .

b. Using the online observing log: follow the instructionsin Section 1.15 .

1.4.1. Logging into the HSA

To easily access data in the archive, you must first ensure that you are logged into the HSA inside
HIPE. Typically this must be done only once.

To check your login status, you can inspect the bottom status bar of HIPE. If you are not logged in,
the text "HSA Log-in" will be visible as shown in Figure 1.5 . Click on this part of the sidebar and
enter your Herschel username and password. Tick the Remember me checkbox if you want HIPE to
store your credentials securely—then you won't have to re-enter your login and password in future
HIPE sessions.

IL

i) HSA Log-in hecking for updated PACS Calibration.. 100

® O O Science Archive

< Username: | |
Log in

[v] Remember me

Forgot your password?

Figure 1.5. Logging in to the Her schel Science Archive

Once you have logged into the archive in HIPE, you can move to the Welcome page (see below).




Data input/output Build 15.0.3244

(7 Welcome ", [-B
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Figure 1.6. Accessing the Herschel Science Archive

Starting on the Welcome page (the default view on first opening HIPE), click on Access Data. In
the Access to Herschel Data view that appears, click Data Access (see Figure 1.6). The Data Access
perspective appears. From it you can use the Herschel Science Archive view to launch the archive
interface.

Tip
; If you cannot see the Welcome page, click theﬁ icon at thetop right corner of the HIPE

main window. Also, in the same toolbar to the left, there is an always-visible icon E'J
that instantly launches the HSA interface.

Click Open HSA User 7! Herschel Science Archive x (=0

Interface to launch the
HSA GUIL. You may |r——— I =’ Open HSA User Interface \
need to accept the

security certificate.

Figure1.7. The HSA view

Inthe Herschel Science Archiveview, click Open HSA User Interface to launch the HSA application.
Y ou may need to accept the security certificate (see Figure 1.7 ).

Tip
@ If you cannot find the Open HSA User Interface button in the HIPE window, go to the
top-level menuitem Window - Show View - Data Access - Herschel Science Archive .

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 logged-in observation owner.
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1.4.2. Finding observations in the HSA

Using the HUI: The Herschel Science Archive User Interface (HUI) opens on the Search tab: see

Figure 1.8.

6B @

Search

R I I |

Query Panels

Main Query Panel

‘Geometry Panel

Targel\ Multiple Targe[\

Observation Id G [ ] Obs. Listc |
Proprietary Status & [ LA

=3

Shape (@) Resolve Name () Equatorial () Galactic () Ecliptic
@dirde | _conyre Coordinates
© Box { Tagerw [ | ICCEES  Reduse[ | (EEIIES
@
Instruments Query Panel ES
Instrument Obs. Tvpe: @ [ Standard Data
A HIFL, PACS ', SPIRE |, SPIREPACS ',
HIFI Single Point Pacs Photometer Photometer Parallel Mode
PACS Mapping Range Spectroscopy| Spectrometer
SPIRE Spectral Scan Line Spectroscopy
SPIREPACS)

Proposal Query Panel

Timing Constraints Query Panel

User Provided Data Products Panel (UPDP)

& s has logged in at 9:22:01 AM

Figure 1.8. The HUI Search tab.

Most items in the HUI have small speech bubble icons next to them. Click a speech bubble icon to

obtain help on the relative item.

To define your query, set all the relevant fields in the Search tab. You can search for observations
by position, instrument mode, proprietary status, observer, or program identifier. Click Query to run
your search. A new tab opens (see Figure 1.9) with the observations matching the query.

Click the = icon to switch between a compact (Figure 1.9) and expanded (Figure 1.10) view of

the results. See Section 1.4.3 for an explanation of the summary information.

10
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| Observations HIFI #1 # - x

B H 3,029 Results | 43 Page [1 @ of 122 B Page Size: [l
Eind
» B Filter Rows:
0w & £, Obsenvatio.. | Postcards | Target RA/DEC Instrument Observing Mode 5
OF & 1342180456 NJA NGC4038/9 12h 01m 46,695 ~180 51' 27.27" HFI HifPoinModeDES
OW X 1342180457 N/A Antennae 12h 61m 48,005 ~18d 51' 25.42" HF| HifiPaintModleD S
OW & 1342180548 NJA MWC3 494 20N 32m 21225 +400 36' 52.93" HFI HifiPa M odeFswitcn
OW & 1342180551 NJA oR21 20 39m 01,105 +42 19" 42.58" HIFI HifiPo ntModteLaad Chopl
OF & 1342180552 NJA DR21 200 29m 01,115 +426 19' 42.86" HIFI HifiPainthocleFSutchiia
OW & 1342180556 NJA Garradid (/2008 Q3) 12h 33m 53645 -050 20° 00.18" HFI HifIPointM octeFSwichiio
Ow & 1342180558 NJA eta Car 10h 45m 02,595 -59d 41' 04.30" HIFI HifiPointModePos tiorswi
OF & 1342180565  NJA eta Car 10h 44m 58 445 590 40° 12.90" HIF| HIfiPointM ocleFastDES
D)
T 5 B 3029Resuits] € page 1 @ of 122 B Page Size: [Zm)
Figure 1.9. HSA query result, compact view.
Observations HIFI#1 # = x '\
T s M z029Resuns) € page [ ® of 122 B Page Size: [Eum)
OWwvaBe ;5 TObsld  TargetName  Coordinates Distance 0D Postcards &
v QuALTY 0 ©
O W G WALTY 1342216814 T Mic 20h 28m 01,475 -28d 15' 11.51 /A 681  NjA
START TIME (4 2011-03-25 23:53:35 Duration: v 744.0 URN: (0 127864
INSTRUMENT: 0 HIFI ©BS. MODE: (i HIfIPointH 0cleFastDBS

PROPOSAL: (i OBS_herschel 1

AOR: & Filler - CO(9-8) - T Mic

PROP STATUS: & Public data EXPIRATION DATE (0 2011-04-04
SPG:(0 SPG v6.1.0 Levek(s LEVEL2 PROCESSED Status:(i PASSED
v QUALITY. 0 P
O W : Tepomy 1342216813 V2234 Sgr 20h 07m 49.125 -42d 31' 49.02 NJA 681  NJA
START TIME(© 2011-03-25 23:37:32 Duration:s 744.0 URN: 0 127863
INSTRUMENT: (= HIF| DBS. MDDE: .. HifiPointMacleFastDBS E

Figure 1.10. HSA query result, expanded view.

Sending query resultsto HIPE.  You can send all or some of the query results to HIPE as atable
dataset.

» Tosend dl results, click the yellow envelope icon at the top of the query resultstab. Choose Send
ALL asVQOTable - HIPE .

* To send some results:
 Select the results you want to send by ticking the checkbox next to each entry.

¢ Clickthesmaller yellow envelopiconjust abovetheresultstable. Choose Send selected Metadata
To - HIPE .

Inspecting the query results of an observation

A query made with the HUI returns a table with one row per observation, as shown in Figure 1.9 .
Click the magnifying lensicon to display additional information, including an enlarged version of the
observation thumbnail image, if available.

Information about the quality of science data in an observation is held in a special product called
Quality Control Report . It includes the assessment of the execution of the observation by the space-
craft and the instruments, the evaluation of the success of the data processing, the outcome of the
systematic inspection of the final product and, if required, the instrument specialist and community
support astronomer analysis.

In the query results page of the HSA interface, every observation displays the status of the quality
control process and a Quality Report button to access the Quality Report summary.

11
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Open Quality Report summary Quality Control status
= 1342216814 T Mic 20h 28m 01475 -28d 15' 11,51" 681 NA "
START TIME .+ 2011-03-25 23.53.35 Duration: . 744.0 VRN 127864
INSTRUMENT: &« HIFI 0BS. MODE i HifiPnintModeFastDBg
PROPOSAL:  OBS_herschel 1
ADR: . Filler - CO(3-8) - T Mic
PROP STATUS:  Public data EXPIRATION DATE . 2011-04-04
SPG:( SPGV6.1.0 Levek (i LEVEL2_PROCESSED

Figure1.11. Information summary for an observation returned asa query result.

The Quality Report summary lists al the quality information relevant to you. This summary is only
generated once the quality control cycle of an observation has been completed, which can take some
time.

For observations still under quality control assessment, the Status field is empty, and the Quality
Report button is greyed out (see for example Figure 1.9).

Once the quality control assessment of an observation is complete, the Quality Control status box
displaysitsoutcomeasone of PASSED , FAILED or PENDING (seefor example Figure 1.11). Further
explanationsand known caveats about the outcome areincluded i n the Comments section of the Quality
Report summary. The PENDING flag is used when the quality control cycle has finished but there are
gtill actionsto be taken. Typically this involves the reprocessing of an observation.

Finding observation IDs outside the HUI

The Observing Log.  The most common alternative to the HUI for finding observation 1Ds, or
program/proposal I1Ds, isto consult the Herschel Observing Log. By default this webpage shows the
most recent downlinked observations (the last one was Obs. |d 1342271266 on the 29th of April of
2013), as shown in Figure 1.12. Y ou can aso use the form at the top of the page to query by any of
the column headings: operational day (OD), target name, proposal D, observing mode, observation
ID, AOR label, AOR duration, start time, processing (SPG) version, or quality control state. Y ou can
click the column headings themselves to sort the values for that column, sorting on all items found
and not just those displayed on the current page.

Query observations

0D From 0D To:
Target Proposal
[HifispectralScan | P_SPEC
AoT HifMapaing Subinstrument gy
PacsLinespec s pHoT
Obs. Id AOR label
Duration (min): Duration (max):
Start Time From (e.g- 2010-09-05T16:30:00; Start Time To:
PG version Qac State
[Active galaxies/ULGs/Qs0s ||
Science Category [ASteroids NAIF Id

Brown Dwarfs/Very Low-Mass ¢
Circumstallar/Debris disks

Observations per page: [ 50+

Search observations | | Clear

38,208 items found, displaying 1 to 50. [First/Prev] 1,2, 3, 4,5, 6, 7, 8 [NextLast]

oo Target DEC Proposal AOT |Duration Start time Obs. Id AOR Label 'SPG version |QC State

|1446/0H 32.8-0.3 18n52m22.190s| -0d14m13.90s|DDT_kjusttan_3 [HifiPoint] 1487(2013-04-29T07:40:58Z | 1342271266 [HStars-Set08 - 0h32 SPGV11.1.0 | PASSED

|1446(IRAS 18488-0107 [ 18h51m26.210s| -1003m51.80s|DDT_Kjusttan 3 [HifiPoint| 1487(2013-04-29T07:14:24Z | 1342271265 [HStars-Set08 - IRAS18488 | SPG v11.1.0 | PASSED

[T446[OM 30.1-0.7 | 18n46ma1810s| -2050m25 30s|DDT_Kustian 3 |FPoI]  1467|2013-04-29T06:47:502 | 134227 1264 [HSiars Sel06 - OMG0.1 | SPG V1110 | PASSED

[1446[0H 30.740.4 | 18n45m53.090s] -1046maB.00S|DDT_Kustian 3 |HTPoin  1487|2013-04-29T0B:21:16Z 134227 1263 [HSiars-Sel0B - 0ha0.7 | SPG V1110 | PASSED
Bh47m57.410s +13d16m43.60s(DDT_jcernich_10 |HifiPoint| )4-29705: 1342271. TV_HNC_12U-epoch_4 SPGv11.1.0 | PASSED
9h47m57.410s| +13d16m43.60s[DDT_jcernich_10 |HifiPoint| 286|2013-04-29T05:46:55Z | 1342271261 [TV_HNC_12L-epoch_4 SPGv11.1.0 | PASSED
9h47m57.410s| +13d16m43.60s(DDT_jcernich_10 |HifiPoint| T05:35:33Z | 1342271259 |TV_HNG_6U-epoch_4 SPGv11.1.0 | PASSED
Sha7m7 4105] +13016mA3 60S|DDT_joermich 10 [FTFain 05312212 134227 1256 |TV_HNG_6L-opoch 4 | SPG V1110 | PASSED
Sha7ms7.410s] +13016m43 60s|DDT_joernich 10 [FiiPain T05: TV_CGH_6U-epoch 4 | SPGVI1.10 | PASSED
9h47m57.410s( +13d16m43.60s(DDT_jcernich_10 |HifiPoint| )4-29705:23:447 | 1342271 TV_CCH_6L-epoch_4 SPGv11.1.0 | PASSED

Figure 1.12. The Observing L og webpage.
The Observing Log form does not allow querying by coordinates or proprietary status.

Using IRSA. In your web browser, navigate to the IRSA homepage at irsa.ipac.caltech.edu. Type a
target name into the Search box and click Search . Scroll to the bottom of the search results page,
and find the table "Archive Availability". Look for lines containing M ssi on = Her schel , such

12
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as Herschel PACS Data. Click onthe Go button in the last column ( Explore Data ). Thistakesyou
to aresults page similar to the results tab in the HUI, where you can browse postcards and locate the
observation id of interest.

Using Vizier. In your web browser, navigate to the Vizier catalog of Herschel observations . In the
Smple Target tab, enter the source name. In the Constraints Table be sure to tick the Obsld entry
under the Show column. Then click on Submit . Asfor the HUI and IRSA, browse the postcards
to find the observation id of interest.

Downloading one entire observation

This section explains how to download all the datafor a single observation from the Herschel Science
Archiveto your loca disk.

GUI Method: Using the HUI

Prerequisites.  You must have logged into the HSA, as described in Section 1.4.1 , and searched
for one or more observations, as described in Section 1.4.2 .

In the query results tab of the HUI, click the download icon to access a Retrieve Products menu,
from which you can select what parts of the observation to download. Choose All to download the
entire observation. Once you have made your choice, you are prompted to save the tar file with the
observation.

beta UMi 14h 50m 44,005 +74d)
{

v ILs & 12421208
\7 TIME: & 2000-08-20 23:34:51

MENT: & pACS
0SAL: 4 Calibrats

AOR: @ Cali

FATUS: & Public data EXPI

SPG: (1 SPGV12.0.0 2749

oooooo

FFFFFFF beta UM 14h 50m 34,745 <74

Figure 1.13. Downloading an observation from the Her schel Science Archive.

Using this method is only recommended for individual observations. To download many observations
at once, see Section 1.4.7 .

Where are my data? Your data are contained in a tar file on your disk. HIPE is not yet aware
of the data.

Wheredo | gofrom here?  Once you have downloaded your observation from the Archive, you
must load it into HIPE, as explained in Section 1.5.

Command-line method: Using getObservation

Prerequisites.  You must be logged into the HSA as described in Section 1.4.1 .

Use the get Cbservati on command to download an observation from the Herschel Science
Archive and saveit to disk. Y ou need to know the obsid of your observation:

nmyCbs = get Cbservati on(obsi d=1342231345, useHsa=True, save=True)

Example 1.5. Saving an observation to disk from the HSA given the observation 1D.

Warning

O When retrieving SPIRE/PACS parallel mode observations, you must specify the i n-
st rument parameter with avalue of either PACS or SPI RE, as shown by the following
examples:
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myCbs = get Cbservati on(obsi d=1342183046, i nstrunment="PACS',
useHsa=True, save=True)

myCbs = get Observati on(obsi d=1342183046, i nstrunment="SPIRE',
useHsa=True, save=True)

Wherearemy data?  Your observation has been saved to the My HSA repository on your disk.
Do not accessthefilesdirectly. Y ou can access your observation in HIPE at any timewith the Product
Browser, as explained in Section 1.7 , or with this command, which will look for all copies of an
observation with a given obsid:

nmyCbs = get Cbservati on(obsi d=1342183046)
Example 1.6. Getting an observation from the HSA given an observation ID.

For more information on managing your My HSA repository, see Section 1.6 .

Note
@ In some cases you may want to configure get Cbser vat i on so that it doesn't look for
and download observations from the HSA. There is a setting within Preferencesin Data
Access > My HSA called Save data on-demand that controls this behaviour. In ascript,
you can set it on and off using the following commands:

# Turn it on
M/HSAPool . get | nst ance() . set Connect i on( her schel . i a. pal . pool . hsa. MyHSAConnect i on. ON)

Example 1.7. Setting on the connected status of the MyHSA pool.

# Turn it off
M/HSAPool . get | nst ance() . set Connect i on( her schel . i a. pal . pool . hsa. MyHSAConnect i on. OFF

Example 1.8. Setting off the connected status of the MyHSA pool.

Wheredo | gofrom here?  Your observation is now referenced by the nyCbs variable. You
can now work on your data and then save your modified data to disk as explained in Section 1.10 .

In future HIPE sessions, you can retrieve the origina observation or the modified one as explained
in Section 1.7 .

1.4.6. Browsing an observation in the HSA with known
OBSID

With HIPE you can browse the contents of observations stored in the HSA without having to save
them first. What is sent to HIPE are just references to data products, not the products themselves.

GUI Method: Using the HUI

Prerequisites.  You must have logged into the HSA, as described in Section 1.4.1 , and searched
for one or more observations, as described in Section 1.4.2 .

In the query result tab, click the download icon to accessa Send to HIPE menu. With this you can
choose whether to browse the whole observation or just a portion of it.
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Figure 1.14. Selecting which part of an observation to browse.

Select an option and, if the connection between the two applications (HUI and HIPE) is well estab-
lished, a pop-up window appears with the message VOTable sent successfully to external application
. Data starts to load into HIPE automatically.

If the option All was selected, a variable called obsi d_xxxxXxxxxxX is created in HIPE, with an
actual observation number. Other options are also stored in different variables as illustrated in Fig-

urel.15.
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Figure 1.15. Product loaded into
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HIPE from the HSA.

Where are my data?  Your data are not stored on your machine, but read on-demand from the
HSA. Note also that for this, the Internet connection must be kept open throughout the session.

Wheredo | go from here?
as described in Section 1.10 .

Once you have finished browsing the data, you can save them to disk

Command-line method: Using getObservation

Prerequisites.  You must be logged into the HSA as described in Section 1.4.1 .

Usetheget Cbser vat i on command to browse an observation from the Herschel Science Archive.
Y ou must know the OBSID of the observation:
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myCbs = get Cbservati on(obsid = 1342231345, useHsa = True)

Example 1.9. Retrieving an observation from the HSA given the observation I1D.

Warning
O When retrieving SPIRE/PACS parallel mode observations, you must specify the i n-
st runent parameter with avalue of either PACS or SPI RE, as shown by the following
examples:

nmyCbs = get Cbservati on(obsi d=1342183046, i nstrunent =" PACS' ,
useHsa=True, save=True)

myCbs = get Cbservati on(obsi d=1342183046, i nstrunment =" SPI RE'
useHsa=True, save=True)

Double click onthe myCbs variablein the Variables view to open the Observation Viewer. You
can also print out portions of the observation context viacommandslike print nmyQbs. | evel 2
, but in general the Observation Viewer will be much more convenient for browsing.

Wherearemy data? Y our dataare not being accessed from storage on your machine, but are read
on-demand from the HSA. Note also that for this to work, the Internet connection must be kept open
throughout the session. If either the save=True option is passed to getObservation, or the "Save data
on-demand" optionisturned on asdetailed in Section 1.6.1 , data.are saved into your MyHSA location.

Wheredo | gofrom here?  Once you have finished browsing the data, you can save them to disk
as described in Section 1.10 .

1.4.6.1. Multiple versions of the same observation

There are two additional cases when, given an observation 1D, there are multiple instances of the
observation in the HSA or in your computer. They are identified by two metadatafields, one of which
changes its meaning between these two different locations.

» spgVer si on isawaysthe version of HCSS that was used to generate the product as part of the
Standard Product Generation (SPG) pipeline. Its format isM m p where Mis major version, mis
minor version and p is patch version likein 11. 1. 0.

e ver si on can be two things, identified by an integer number, depending on the location (even if,
conceptualy, they are the same thing):

¢ Inthe HSA: it is the number of bulk reprocessings performed on the data.

< Inyour computer: it is the number of changes followed by a save to the same pool that you have
made to the data.

Using the command line, you can browse all versionsin avery powerful way:

obs = get Cbservation(obsid = 1342197792, useHsa = True, all Versions = True)
Example 1.10. Browse all the versions of an observation (part 1).

If you haven't downloaded this observation before, all the versions displayed are the ones availablein
the HSA, asin this example. The output of the command can be seen below:

More than one observation found. Please, refine your query

The foll owi ng paraneters
urn = nul
obsid = 1342197792
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od = -1
instrument = null
tag = null

spgVersion = nul |
creationDate = null
version = -1

Produces nore than one result:
Pool id | Qpbsid | Tag | Version | Track id | Un | Creator

hsa | 1342197792 | | 8 | OBS_12508@wn25.nlgrid.|lan_1_16441247557132381 |
urn: hsa: herschel . i a. obs. Cbservati onCont ext: 429666 | SPG v11.1.0 |
hsa | 1342197792 | | 9 | OBS_12508@wn25.nlgrid.|lan_1_16441247557132381 |

urn: hsa: herschel . i a. obs. Cbservati onCont ext: 526876 | SPG v12.1.0 |
hsa | 1342197792 | OBS: P: 0050005020 | 10 |

OBS_12508@wn25. n1grid.lan_1_16441247557132381 |

urn: hsa: herschel . i a. obs. Cbservati onCont ext: 620498 | SPG v13.0.0 |

To retrieve the observation please provide a version, urn, or a SPG version nunber
like "11.1.0'

This output text advisesyou that spgVer si on isasubstring of the metadatafield cr eat or present
inthe archive. Thisway, SPG v11. 1. 0 becomes11. 1. O for the purposes of retrieving the obser-
vation. If you now type:

obs = get Cbservation(obsid = 1342197792, useHsa = True, spgVersion="11.1.0")

Example 1.11. Browse all the versions of an observation (part 2a).

Or:

obs = get Cbservation(obsid = 1342197792, useHsa = True, version = 8)
Example 1.12. Browse all the versions of an observation (part 2b).

Which in this case is the same, you will download the desired observation version to disk.

Note
3 When downloading observations to your computer and, as stated above, the ver si on
number isreset to zero (0) to represent, from that moment on, user changes, so if you want
toretrieve aspecific SPG version fromalocal pool, you arerequiredto usespgVer si on.
To load from disk the previously downloaded observation, you should type:

obs = get Observation(obsid = 1342197792, useHsa = Fal se,
spgVersi on="11.1.0")

Example 1.13. Browse all the versions of an observation (part 3).

1.4.7. Downloading multiple observations

GUI Method: Using the HUI

Prerequisites.  You must have logged into the HSA, as described in Section 1.4.1 , and searched
for one or more observations, as described in Section 1.4.2 .

Y ou can download multiple observations at once via FTP with the Shopping Basket .

To select data for retrieval, tick the checkbox to the left of each record of the observations list, and
then click the shopping basket icon at the top of the table. Alternatively, add one observation at a
time by clicking the shopping basket icon in the observation'stable row. A Shopping Basket Overview
window appears with the observations you have added.
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Observations \

[3 Observations]
Observation Target Name

1342216803 T Mic

1242216814 T Mic

1242216813 V22324 Sgr

Figure 1.16. The shopping basket of data to retrieve from the HSA

Once you have added all the observations you wanted to the shopping basket, click the large shopping
basket icon on the HUI toolbar to open the Shopping Basket tab.

Shopping Basket & — x

Observatluns\

[3 Observations]
= Retr\eve\ On Demand Reprocessing
] ?5:_.' Observation  Target Name RA DEC
O [ = 1342216803 T Mic 20h 28m 00,385 -28d 15' 16.43"
O [ 1342216814 T Mic 20h 28m 01.47s  -28d 15' 11.51"
O [ 1342216813 Y2234 Sgr 20h 07m 49,125 -42d 31" 49.02"
| € Close | | T Remaove All | | ¥ Subrnit Request

Figure 1.17. The shopping basket of data to retrieve from the HSA

Y ou can remove one or more observations from the shopping basket by ticking the checkboxes on the
corresponding rows and then clicking the Remove All Selected icon in the top row of the table. You
can also add more observations at any time by going back to the query results tab.

Once you are happy with the contents of the shopping basket, click the Submit Request button. After
a short while you receive an email message with the FTP location where your data are stored. You
can then download the data as atar file.

Where are my data? Your data are contained in a tar file on your disk. HIPE is not yet aware
of the data.

Wheredo | gofrom here?  Once you have downloaded your observations from the archive, you
must load them into HIPE, as explained in Section 1.5.

Command-line method: Using getObservation
Prerequisites.  You must be logged into the HSA as described in Section 1.4.1 .

You can use the get Cbser vat i on command within a loop to download multiple observations
from the Herschel Science Archive and save them to disk. You need to know the obsid of all the
observations:

nyObsi ds = [ 1342242595, 1342239349]
for i in nyQbsids:
print "Downl oading obsid " + "i°
nyCbs = get Cbservati on(obsid=i, useHsa=True, save=True)

Example 1.14. Downloading multiple observations from an array of obsids.

It isalso possible to do this with tarred observations retrieved using the HAIO
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fromjava.nio.file inport Files
import urllib

# Create tenporary directory for TAR GZ downl oad
tempdir = Files.createTenpDirectory("hipe")
observationlds = [1342231052, 1342231345]

# Qutput dictionary of observations (enpty for now)
observations = {}

# Do the | oop

for obs in observationlds:

# Downl oad a TAR GZ observation using the HAIO and builtin urllib
strCbsPath = str(tenpdir)+"/obs.tar.gz"

urllib.urlretrieve("http://archives. esac. esa.int/hsal/aioljsp/product.jsp?"+\
" OBS| D="+st r (0obs) +" &PRODUCT_LEVEL=Auxi | i ar y&COVPRESS| ON=TARGZ&" +\
" PROTOCOL=HTTP", strObsPath)

# Deconpress the file

outputDir = str(tenpdir)+"/obs"+str(obs)

deconpress(strCbsPath, outputDir)

# One nore step as there is another directory with a random nanme within outputDir
randonDi r os.listdir(outputDir)[0]
final Path out put Di r+"/" +randonDi r

# Open the tarred observation from di sk
observati ons[ obs] = get Gbservation(path = final Path)

Example 1.15. Retrieving several observations from the HSA astar.gz and opening them in HIPE.

Warning
O When retrieving SPIRE/PACS parallel mode observations, you must specify the i n-
st runent parameter with avalue of either PACS or SPI RE, as shown by the following
examples:

myCbs = get Observati on(obsi d=1342183046, i nstrunent="PACS',
useHsa=True, save=True)

myCbs = get Gbservati on(obsi d=1342183046, i nstrunment="SPIRE',
useHsa=True, save=True)

Wherearemy data? Y our observations have been saved to the My HSA repository on your disk.
Do not accessthefilesdirectly. Y ou can accessyour observationsin HIPE at any time with the Product
Browser, as explained in Section 1.7 , or with this command, which will look for al copies of an
observation with a given obsid:

myCQbs = get Cbservati on(obsi d=1342183046)

Example 1.16. Retrieve an observation from the HSA given the observation ID.

For more information on managing your My HSA repository, see Section 1.6 .

Wheredol gofrom here?  Thelast observation downloaded isnhow referenced by the ny Qbs vari-
able. Y ou can find and | oad the other observations viathe Product Browser asexplained in Section 1.7

. Then you can work on your data and save the modified data to disk as explained in Section 1.10 .

In future HIPE sessions, you can retrieve the original observations or the modified ones as explained
in Section 1.7 .

1.5. Loading observations downloaded from
the HSA into HIPE
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Prerequisites.  You have aready downloaded one or more observations as tar files from the Her-
schel Science Archive as described in Section 1.4.5 and Section 1.4.7 . Alternatively, you have re-
ceived on-demand reprocessed data as explained in Section 1.15 .

Y ou need to load the observations into HIPE before you can view and reprocess the data. Y ou need
to do it only once for each observation you download from the Herschel Science Archive.

Note

@ If you downloaded your observation viathe command line using the getObser vation com-
mand with the save=Tr ue parameter, you do not need to follow these steps. Y our ob-
servation has aready been loaded into HIPE. See Section 1.7 for information on how to
find your observation in HIPE.

GUI method: using the Navigator view

1. Uncompressthe tar file you downloaded from the Herschel Science Archive. One directory iscre-
ated for each observation contained in the tar file.

Warning
O Some compression applications (especially in non-UNIX operating systems, i.e. Win-
dows) need to convert the line endings of the text files inside the TAR archive from
the UNIX standard (using only LF characters). For acommon utility that has problems
with this, please see this Known Issue describing the issue (and a workaround). Y ou
can also use other software such as 7-Zip, or the deconpr ess task in HIPE: Sec-
tion 1.104 in HCSS User's Reference Manual

2. In the Navigator view of HIPE, open the directory that was created when you uncompressed the
tar file. You will see an item with a Saturn icon, as shown in the following image.

I L RERRII )
# 1= auxiliary
- = calibration
1342216814
# = hipe_vg. 1.0
e

Figure 1.18. A Herschel observation ready to beloaded into HIPE.
3. Double click on the item with the Saturn icon. HIPE loads and opens the observation.

Wherearemy data?  Your dataare till in the directory created from uncompressing the tar file.
The data has been indexed in the My HSA repository, but HIPE has not copied the data elsewhere,
which iswhy you must not delete this directory. Y ou must aso not modify the data files directly. For
more information on managing your downloads from the Herschel Science Archive, including how
to delete unwanted data, see Section 1.6 .

Wheredol gofrom here?  You can now start working on your observation. Once you are finished,
to save your modified data see Section 1.10 . To load the original or modified observation in future
HIPE sessions, see Section 1.7 .

Command-line method: using getObservation

1. Uncompressthe tar file you downloaded from the Herschel Science Archive. One directory iscre-
ated for each observation contained in the tar file.

2. Issuethe following command in the Console view of HIPE, where / pat h/t o/ dir isthepath
to the directory containing the observation (for example, / hone/ j oe/ j 0141729940 ):

myCbs = get Cbservati on(path="/path/to/dir")

Example 1.17. L oad an observation from disk into a new variable.
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For acomplete exampledownl oading theobservationint ar . gz format fromthe Herschel Science
Archive using Herschel Archive InterOperability subsystem (HAIO), see below:

fromjava.nio.file inport Files

# Create tenporary directory for TAR GZ downl oad

tenpdir = Files.createTenpDirectory("hipe")

obs = 1342231052

# Downl oad a TAR GZ observation using the HAIO and builtin urllib

strCosPath = str(tenpdir)+"/obs.tar.gz"

import urllib

urllib.urlretrieve("http://archives. esac. esa.int/hsal/aioljsp/product.jsp?"+\
" OBS| D=1342231052&PRODUCT_LEVEL=Auxi | i ar y&COVPRESS|I ON=TARGZ&" +\
" PROTOCOL=HTTP", str CbsPat h)

# Deconpress the file

outputDir = str(tenpdir)+"/obs"

deconpress(strObsPath, outputDir)

# One nore step as there is another directory with a random nane within
outputDir

randonDir = os.listdir(outputDir)[0]

final Path = outputDir+"/"+randonDir

# Open the tarred observation from disk
obs = get Observation(path = final Path)

Example 1.18. Retrieving an observation from the HSA asatar.gz and opening it in HIPE.
HIPE loads the observation, assigning it to variable myCbs

If the directory contains multiple observations, you must specify the obsid of the observation you
want to load:

myCbs = get Cbservati on(path="/path/to/dir", obsi d=1342183046)
Example 1.19. L oad an observation from disk, specifying both path and observation ID.

Wherearemy data?  Your data are still in the directory created from uncompressing the tar file.
The data has been indexed in the My HSA repository, but HIPE has not copied the data elsewhere,
which iswhy you must not delete this directory. Y ou must aso not modify the data files directly. For
more information on managing your downloads from the Herschel Science Archive, including how
to delete unwanted data, see Section 1.6 .

Wheredol gofromhere?  Youcan now start working on your observation. Once you are finished,

to save your modified data see Section 1.10 . To load the original or modified observation in future
HIPE sessions, see Section 1.7 .

1.6. Managing your HSA downloads

Y ou can manage your downloads from the Herschel Science Archive viathe My HSA preferences
dialogue window. To open it, choose Edit - Preferences and click My HSA in the left-hand sidelist.
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Data Access > My HSA

My HSA [ Adwanced

MyHSA Directony: |jhnme/ IMyHS A | Choose ‘

- Indexed Datasets from HSAtar files
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D
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Figure 1.19. The My HSA prefer ences dialogue window.

Thetwotables.  The Indexed Datasets table lists observations you have loaded directly from the
HSA User Interface (HUI) in tar form, as explained in Section 1.5 . The Direct retrieval sessions
table lists observations you have browsed or downloaded using the Product Browser, as explained in
Section 1.7, or the get Qbser vat i on command, as explained in Section 1.4.5 and Section 1.4.6 .

In the My HSA dialogue window you can perform the following tasks:

» Changethe location where configuration infor mation and downloads from the Her schel Sci-
ence Archivearestored. .  Write anew path in the Directory text field, or click Choose and
navigate to the new directory.

» Load downloaded observationsinto HIPE.  Click Add and navigate to a directory created
from unpacking atar file downloaded from the HUI. Select the. xm filein the directory and click
Open . HIPE loads the observation. A new row appearsin the Indexed Datasets table.

Thisway of loading observationsis equivaent to the one described in Section 1.5 .

* Remove downloaded observations from disk. Select one or more rows from the Indexed
Datasets and Direct retrieval sessions tables and click Remove . A dialogue window appears
asking for confirmation. The default isto delete the configuration , so that HIPE isho longer aware
of the data, but the data themselves are kept on disk. Y ou can tick the Remove FTP products as
well checkbox to delete the data.

Note that removing one observation could affect theintegrity of other observations. Seethewarning
at the end of this section for more information.

Thestateicons. The state of the datain each row of the tablesisindicated by the following icons:

=21 — The data have been fully downloaded and indexed. No new data are being added.

=i

|_|:1.| — New dataare being added. For example, you arestill browsing the corresponding observation
in HIPE.

ﬁ — HIPE has detected an error. Usually this means that you have moved or removed the obser-
vation from the original location when you unpacked the tar file provided by the HUI. Notethat this
does not mean that the MyHSA database got corrupted. Y ou just need to import the data again and
remove the old link using the Remove button. Alternatively, move the observation to its original
location to restore the appropriate links.

Thetablecolumns. Some of the columns of the two tables are described below:
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e Path. Givesthedirectory where the tar downloaded from the HUI was unpacked, or the location
(session) inside MyHSA where a direct download of data from HIPE was stored.

e Size.  Givesthe actua size of your observation, both the physical size on disk and the size that
it occupies in memory. Note that the values can be lower than the size given in the observation |ID
column. This can be dueto two reasons: either you have downloaded the observation only partialy,
or some of the files were not indexed or downloaded again into MyHSA because they were already
in adifferent MyHSA location. The latter case can occur, for instance, with auxiliary files of two
observations taken in the same OD, or with calibration files of two observations performed with the
sameinstrument. In thisway MyHSA avoids duplication of files. This meansthat observations are
linked among them. Such links are shown in the two columns Requires and Isrequired by .

e Requires. Givesthelocation in MyHSA where part of the data reside, when different from the
actual location of the observation.

e Isrequired by. Meansthat some files of this observation are required by adifferent one.

~ Indexed Datasets from HSA tar files
Fequires Is required by
1755 807EERSI0N: 2012-11-06T14:29:13. 737 [TAR: 2012-11-27T12:18:21.5332

1521 533BE5I0M: 2012-11-06T14:29:13.737
TAR: 2012-11-27T12:17:55 807

Figure 1.20. A detail of the Indexed Datasets table showing the Requires and I srequired by columns.

Warning

O The Requires and Is required by columns show that some observations depend on each
other inside MyHSA.. Therefore, the removal of one observation can impact one or more
different observations. Again, this does not mean that the MyHSA database got corrupted.
You just need to import the removed observation again and remove the old link using the
Remove button, or to move the observation to its original location, to establish the appro-
priate links again. Then click the Update Links button in the Advanced tab as explained
in Section 1.6.1 .

Note

S Dataindexed or downloaded with aversion of HIPE before 10.0 will not show real values
for these columns. Recovering thisinformation from previously downloaded observations
would impact HIPE performance.

Warning
O If youfind largeamountsof datainthe Direct retrieval sessions that you don't recall down-
loading, it may be that you have set the " Save data on-demand” option. See Section 1.6.1
. Alternatively, you may have been using get Cbser vat i on withuseHsa=Tr ue and
save=Tr ue (though thisislesslikely assave=Fal se isthe default).

1.6.1. Advanced configuration
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Data Access > My HSA

My HSA | Advanced

rHSA connection

URL ‘hnp:;;archlves.esac.esa int/hsa

[l Save data on-demand

rLinks bietween configurations

Update Links

Restore Derauits | | apply

Figure1.21. The Advanced tab of the My HSA preferences dialogue window.
In the Advanced tab of the My HSA dialogue window you can perform the following tasks:

» Updatelinksbetween configurations.  Click the Update Links button to update theinformation
in the Requires and Is required by columns in the tables of the My HSA tab. It is useful to click
this button each time you remove data from the main My HSA tab, since HIPE does not update the
links automatically for performance reasons.

» Download onlinedata automatically when you browsethem..  Tick the Save data on-demand
to enable automatic data download (the default is "unticked"). This applies to two cases:

* You query the Herschel Science Archive viathe Product Browser using the HSA data source (see
Section 1.7 for more details), or get Cbser vat i on withuseHsa=Tr ue (see Section 1.4.6).
When you browse any of the results, the data you view are downloaded automatically.

* You download a partial observation from the Herschel Science Archive by selecting something
other than Retrieve Products - All inthe HUI (see Section 1.4.5 for more details). If you then
load the partial observation into HIPE and try to view missing data, these are downloaded auto-
matically. Note that automatic download works only if HIPE isconnected to the Herschel Science
Archive through the Product Browser, by selecting the On-line radio button in the Data Source
panel. See Section 1.7 for more details.

Warning
O Do not changethe addressin the URL text field. Thisisthe address of the Herschel Science
Archive service.

1.7. Retrieving an observation from disk

Prerequisites.  You must have downloaded one or more observations from the Herschel Science
Archive (see Section 1.4 ) and loaded them into HIPE (see Section 1.5 ). Optionally you may have
already reprocessed your data and saved the results to disk (see Section 1.10).

GUI Method: Using the Product Browser
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&l Product Browser 3 ' |"E
" Observations | Products | Metadata [ Free Metadata |
Data Source Search pararneters
| ] MyHSA Show all versions O
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|_] Local Pools Operational Day (odMumber)
- +
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| hifi-cal
|1 pipeling-out
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# Run
2 results found Query Result |[QUERY_RESULT1 o # of Results | 20 = |
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Figure 1.22. The Product Browser.
Follow these steps to find observations on your disk:

1 .
Open the Product Browser perspective by clicking the@ icon onthe HIPE toolbar, or by choosing

Window - Show Perspectives . Product Browser perspective .

2. Select the data sources you want to query in the Data Source panel (see Figure 1.22 ). Those of
interest to you are the following:

e MyHSA, On-line: theHerschel Science Archive. Thisisan alternativeway of browsingthe HSA.

* MyHSA, Off-line : the observations you have downloaded from the Herschel Science Archive
and loaded into HIPE.

* Local Pools: the datapoolson your disk whereyou save Herschel dataafter you have reprocessed
them.

3. Set your query parameters in the Observations tab. Typically you will want to indicate an obser-
vation ID. Y ou can add more query parameters by clicking on the small plusicon at the bottom of
the list in the Search parameters panel. Then you can select a metadata value, an operator (such
as==) and avalue.

4. Click Run to execute the query.

* Result.  Your result is shown in the table below the query parameters area and stored in a
variable called QUERY_RESULT , for the first query, or QUERY_RESULT_x for subsequent
queries, where x isanumber. If no result is found then no QUERY_RESULT is produced.

For expert users. the result variable may be used as argument in a Pr oduct St or age. se-
| ect () statement.

resul t s=st or age. sel ect (Met aQuery(...), QJERY_RESULT_1)
Example 1.20. Perform a query on alocal store using theresult of another query.

» Versions. Versions are created whenever saved data are modified and stored again. If you
ticked the Show all versions checkbox, you will see all versions of your data, instead of just
the latest one.

e Tags. Tags are keywords or phrases you can associate to a product, to better describe and
remember its contents. For example, you could assign to a product the tag "to be completed” to

25



Data input/output Build 15.0.3244

remember that you have not finished processing it. When defining tags, you are free to use the
keywords and phrases that work best for you.

If the data was saved with atag assigned to it, you will see the tag displayed in the tag column.
If you do not see atag column, right click on any column header and choose Select layout -
Sandard Table Layout . See Section 1.10 for how to add tags when saving observationsto disk.

5. Review the results.

» Select arow to further inspect it in the Outline view. This also creates a variable called se-
| ected.

* Double click arow to create avariable in the Variables view. This is not the same as the se-
| ect ed variable, whose contents change according to the selected row.

* Right click on the table to do the following on the selected rows:
» Create variablesin the Variables view (same as double click).

* Removethedatafrom the pool. Y ou can also remove an entire observation, including all child
products. Removing does not work for data in the MyHSA area.

» Export the datato FITS.
See Section 1.8 for how to customise the layout of the result area.
6. Inspect selected resultsin the Outline view.

» Double click an item to open it with the default viewer. Be aware that HIPE may have to load
the item first, which could be atime and memory consuming operation for large products.

* Right click on an item and choose Open With to open it with a viewer of your choice in the
Editor view.

Tip
@ TheProduct Browser doesnot find datal know tobepresent. Check the following:

» Makesurethat thelocation of your datais selected in the Data Source panel. If in doubt,
select more data locations.

» Make sure you are searching for the right kind of data. For example, you may bein the
Observations tab, thus searching for entire observations when instead you want to look
for adata product inside an observation. If so, switch to the Products tab and make sure
that the Product type field has the correct value. If in doubt, choose her schel . i -
a. dat aset . Product to search for any data product.

Command-line method: getObservation

With get Gbser vat i on you must keep track of, and provide to the task, the OBSID, and possibly
also the name and location of the pool where you saved your data, if these are not the defaults.

* If your data were saved with the default name (the OBSID) and location (your | st or e directory),
they can be loaded by specifying the OBSID:

myQbs = get Cbservati on(obsi d=1342231345)

Example 1.21. Retrieve an observation given the observation ID.
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« A pool named like the obsid in your local pool directory (by default . hcss/ | st or e inyour
home directory).

« Any other pool in your local pool directory.

e The MyHSA poal.

* If your datawere saved in a non-default pool location, this must be specified:

myCGbs = get Cbservati on(obsi d=1342183046, pool Locati on=nmyDi rectory)
Example 1.22. L oad an observation from disk specifying both the observation 1D and the pool directory.
HIPE will look in the non-default location for a pool with the same name as the obsid.

« If your data were saved in a non-default pool location and with a non-default pool name (different
from the obsid), both must be specified:

nyCbs = get Cbservati on(obsi d=1342183046, pool Nane=nyPool ,
pool Locat i on=nyDi rect ory)

Example 1.23. Load an observation from disk specifying the observation I1D, the local pool hame and
the pool location.

HIPE will look in the non-default location for a pool with the specified name.

Here are some further examples:

# Most useful task paraneters

myCbs = get Cbservati on(obsi d=<int|string> [, pool Nane=<string>]
[, pool Location=<string>] [, useHsa=<bool ean>] [, save=<bool ean>]
[,tag=<string>])

# Most commpn uses:

# Get your data from[HOME]/. hcss/|store/ 134211111
myCbs = get Cbservati on(obsi d=134211111)

# Get your data from [HOME]/. hcss/| store/ MFirst Dat aset
myCbs = get Cbservati on(obsi d=134211111, pool Name="M/Fi r st Dat aSet ")

# Get your data from/Bi ghi sc/ PACS/ M/Fi r st Dat aSet
myCbs = get Cbservati on(obsi d=134211111, pool Locati on="/Bi gDhi sc/ PACS/ ",
pool Name="MyFi r st Dat aSet ")

# Get your data using a tag
myCbs = get Cbservati on(obsi d=134211111, tag="Reprocessed version 2")

# Get your data fromthe MyYHSA pool
myCbs = get Cbservati on(obsi d=134211111, pool Name="M/HSA")

Example 1.24. Several examples using the getObser vation task.

1.8. Customising the Product Browser results

Y ou can customise the result area of the Product Browser perspective (Figure 1.22) in the following
ways:

 Click on a column title to sort the column in ascending or descending order. You can sort up to
three columns. Double click a column to reset sorting.

» Drag and drop a column title to move the column.
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* Right click on a column title to show a menu with additional options;

» Select one of the two predefined layouts. The layouts differ by the type, size and position of
visible column.

» Save the current layout with a custom name. The new layout will then be available from the
Select Layout submenu. You can also overwrite one of the predefined layouts, although thisis
not recommended.

* Add acolumn before or after the current column.

« Remove the current column from the layout.

1.9. How to use the Quick Analysis perspec-
tive

GUI method

To perform a search with the Quick Analysis tool, select any of the search tabs present at the top of
the interface and fill the required inputs in the following fashion:

» Search by Target: give the Target name, which will be resolved by SIMBAD or NED and, if
wanted, the search Radius around the Target. If not specified, the search Radiusis 10 arcsec. Note
that any observation within the given Radius will also be retrieved.

» Search by RA/Dec: In this case, the required data are Right Ascension (hh:mm:ss), Declination
(dd:mm:ss) and a search Radiusin arcsec like in the above case.

» Search by Obs ID: The only datarequired isthe Observation identifier.
» Search by OpDay: all observations taken in the given Operational Day will be returned.
To execute any of the searches, either press the Search button on the right represented by magnifying

glasses or press the Enter key in any of the text fields. Please note that only the active tab data will
be taken into account when performing the search.
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Figure 1.23. Main window of the Quick Analysis per spective with the results of a search by target name.

Upon execution of the search (see the figure above), the results found will be displayed just below the
search panels. The dataloaded are Browse Products, which are a particular subset of the final science
products generated by the pipeline (see the Data Product Overview (please open this link in a new
page or tab) web page for details on the products served per sub-instrument). Selecting any of the
results will open the most appropriate analysistool for the corresponding type of data:

* For cubes and spectrum datasets, the Spectrum Explorer will be opened. For more information,
see Chapter 5.

» For maps, an instance of the Di spl ay class will be created with all the tools required to analyse
the image. For more information, see Section 4.1.

It isalso possible to work on the data using these standard tools without any further action, if wished.
Additionally, you can right-click on the result to be able to choose between opening the Browse Prod-
uct or an Observation Context. This choice can be saved by click on Edit . Preferences, navigating

to General > Appearance > Quick Analysis and set as default the desired behaviour.

Note the difference in the contents of the Data navigator panel (left of the spectrum plot) between
opening only the Browse Product:
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Figure 1.24. A detailed view of the result of a search using Quick Analysis (Browse Products).
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Figure 1.25. A detailed view of the result of a search using Quick Analysis (Observation Context mode).

Command-line method

Note
While using the Quick Analysis perspective, all GUI interactions are echoed to the Con-

sole. The Console view is not included in this perspective, but you can open it manually
by clicking on Window . Show View . Workbench . Console .

1.10. Saving data (products and observa-
tions) to disk
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Prerequisites. Y ou have made changes on an observation, for instance by reprocessing data with
a pipeline script. You now want to save your reprocessed data. As you will see, the procedure is the
same whether you want to save an entire observation or asmaller piece of datathat is still a product.

GUI method

To save an observation or product to disk, follow these steps:

1

Right click on the data variable name in the Variables view and choose Sendto - Local pool .

The Save Products Tool opens in the Editor view (see Figure 1.26). Your observation variable
name appears in the Products column.

. Assign one or more tags to the observation you want to save. To assign atag to a product, double

click the corresponding cell in the Tags column, write the tag and press Enter .

Tags are keywords or phrases you can associate to a product, to better describe and remember its
contents. For example, you could assign to a product the tag "To be completed” to remember that
you have not finished processing it. When defining tags, you are free to use the keywords and
phrases that work best for you. Tags are especially useful to recognise different versions of the
same observation, which by definition have the same obsid.

. Select apool from the Select Pool drop-down list, or write a pool name. If a pool with that name

does not exist, it is created.

. Make sure that the observations and products you want to save are selected and click Save to

store them into the pool.

When you press Save there is no success or failure message. Y ou can check the Console view,
where the corresponding command has been echoed, to make sure that the data have been saved
correctly.

@ Save Products Tool X\
Products; [* | & Filter
Products Tags
obsid_13422259345 To be completed
Select Pool: | foal | - | | (L] save | [¥] Use tags

Figure 1.26. The Save Productstool.

Command-line method

To save products (including observations) to disk, use the saveProduct command. Y ou must specify
the variable you want to save, the pool you want to save it to and the tag you want to associate to it.
Adding atag is not compulsory but strongly recommended.

Tags are keywords or phrases you can associate to a product, to better describe and remember its
contents. For example, you could assign to a product the tag "To be completed” to remember that you
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have not finished processing it. When defining tags, you are free to use the keywords and phrases that
work best for you. Tags are especially useful to recognise different versions of the same observation,
which by definition have the same obsid.

bg("saveProduct ( product =nyCbs, pool =' nyPool ', tag='M/ reprocessed data')")
Example 1.25. Save an observation to disk specifying the pool name and a tag.

If apool with the name you specify does not exigt, it is created.

Note
@ If you usethe saveObser vati on in HCSSUser's Reference Manual command, note
these differences with respect to savePr oduct :

« saveObservat i on does not support tags.

» saveQbservat i on does not store the calibration tree when used with observations.
Where are my data?  Your data are now in alocal pool , typicaly in a subdirectory of . hc-
ss/ | st or e inyour homedirectory. Do not touch the files directly, but keep working on them from
HIPE. If you modify the files outside HIPE, you may corrupt the pool structure.

Wheredo | gofrom here? Now that your data are saved, you have these possihilities:

* If you quit HIPE and start a new session at a later date, you will want to load the data you have
saved. See Section 1.7 for more information.

« After saving dataon your local disk, you may want to share them with a colleague. See Section 1.12
for information on how to export an observation for sharing with other HIPE users.

1.11. Migrating pools across incompatible
versions of HIPE

HIPE 10 developer versions (builds between 2069 and 2674) and HIPE 11 or later pools are incom-
patible with earlier versions of HIPE (including all public releases of HIPE 10).

In order to use (where “use” means any process involving reading, scanning, or checking of the local
pools by HIPE and not just explicitly opening the pool from, for example, the Product Browser) these
existing pools with an incompatible HIPE version, you should rebuild the index of the pool. Given
that it is not guaranteed that newer data will work with older versions of the software, this guide will
focus only on making the pools useable in the following cases:

» Case 1. Using pools that were created/modified in a HIPE 10 version prior to 2069, with a HIPE
10 version between 2069 and 2674.

e Case2: Using poolsthat were created/modified in aHIPE 10 version between 2069 and 2674, with
aHIPE 10 version after 2674.

» Case 3: Using pools that were created/modified in a HIPE 10 version other than the 2069-2674
range, with HIPE 11 or later.

e Case 4: Using pools with an index rebuilt for a HIPE 10 version other than the range 2069-2674,
with HIPE 11 or later.

Prerequisite: A pool created with a HIPE 10 version prior to 2069.

Casel:
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 Pool you want to open: A pool like the one detailed in the prerequisite.

» Error message: Thereisno error displayed and the pool is completely usable in HIPE 10 versions
2069-2674.

Case2:

» Pool you want to open: A pool that is like the prerequisite or has been processed in a scenario like
Case 1.

» Error message: Querying the pool using the Product Browser returns nothing (no error message).
Opening the observation from the Console using getObservation returns the following error mes-

sage:

#herschel . i a. t ask. TaskExcepti on: Error processing get Cbservation task: |ndex Version
not conpati bl e.

Expected : 4 Existing: 6.Pool pool _nane requires upgrading before you can use it with
this software.

In order to do so, you need to run pool _nane.rebuildl ndex() to upgrade. Dependi ng on the
size of the

pool this process can take a long tinme, please be patient!Mre information can be found
in the Data

Anal ysis Cuide, section 1.2.2.1 (Update of index fornmat for |ocal stores).

» Notes about the error message:
e pool _nane isthe name of the pool you are trying to load.

e pool _nane. rebui | dl ndex() is not the proper command to rebuild the pool. See below
for the appropriate commands.

¢ The section of the Data Analysis Guide referenced is not correct. Thisis Section 1.11 .
» Workaround:
Any of the following commands will rebuild the index of the pool:

» This ensures we are rebuilding the specified pool using a static method from the class Local -
StoreFactory :

Local St or eFact ory. get St or e( pool _nane) . r ebui | dl ndex()
Example 1.26. How to rebuild the index of alocal pool.

e Thisrebuildsthe pool using aPr oduct St or age instance named st or e :

store.witabl ePool . rebuil dl ndex()
Example 1.27. Second option for rebuilding the index of alocal pool.
Case3:
 Pool you want to open: A pool that islike the prerequisite.
» Error message: Thereisno error displayed and the pool is completely usable in HIPE 11 or later.
Case 4:
» Pool you want to open: A pool which index was rebuilt following Case 2 instructions.
» Error message: Thereisno error displayed and the pool is completely usable in HIPE 11 or later.

That'sit! Y ou should now be able to read your poal. If you find you cannot, contact the Helpdesk.
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Tip
@ Note that the index files will not be backed up while you run rebuildindex(), unless you
invoke Conf i gurati on. set Property("hcss.ia. pal.pool.lstore.in-
dex. backup", "true") first.

See the HIPE Owner's Guide: Section 4 in HIPE Owner's Guide .

1.12. Exporting an observation to a colleague

Prerequisites. Y ou havereprocessed one or more observations and saved them to disk asexplained
in Section 1.10.

You can pack data held in local pools on your disk so that you can send them to other HIPE users.
Follow these steps:

1. Choose Window - Show View . Data Access —. Export Herschel data from HIPE .
The Export Herschel data from HIPE view opens.
2. From the Input Pool drop-down list select the pool that contains the data you want to export.

a. If you want to export the whole pool.  Click Export pool and enter the name of the zip
file the datawill be exported to.

b. If you want to export one or mor e observations from the pool. .

i. Click Show Contents . Thefull observations contained in the pool appear in the Observations
area.

ii. Select the observations you want to export from the list.
iii. Choose the export data format from the drop-down list at the bottom of the view. You can
choose among compressed tar (recommended), uncompressed tar and loose files (unpacked

directory).

iv. Click Export to HSA hierarchical structure and enter the name of the file the observations
will be exported to.

Note
@ What is meant by HSA hierarchical structure isthe same hierarchical directory structure
of the data downloaded from the HSA. The format of individual filesisFITS.

/4 Export Herschel data from HIPE x '\ o

Input Paol: ‘sumeRandumPum - | | &7y Export poal

Observations: 34215 nwationContext, Urn numkber 0, Tag "My data’,

+, Show Contents
Select All
Invert Sel |

‘Cnmpre;sed tar (1gz) - ‘ ‘ £ Export to HSA hierarchical structure

Figure 1.27. Product export from HIPE into standard Herschel directory structure.

Thisview makes use of theexpor t Gbser vat i on task, documented in the User's Reference Man-
ual : Section 1.131 in HCSS User's Reference Manual

Wheredo | gofrom here? Now you can send the zip or tar file you produced to other users. This
is how they can load your datainto their HIPE installation:
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1.13

these differences:

If you exported your pool by clicking Export pool ..  Other users can extract the zip file into

their local pool directory (typicaly . hcss/ | st or e in their home directory) and find your data
viathe Product Browser as explained in Section 1.7 .

If you exported one or mor e observations by clicking Exportto HSA DataFormat ..  Other

users can uncompress the tar files and load the observations into HIPE as described in Section 1.5 .

Retrieving products from disk

Y ou can use the Product Browser perspective to find data products inside observations on your disk.
The procedure is the same as for finding whole observations, as described in Section 1.7 , with only

» Rather than setting your search parameters in the Observations tab alone, you will want to use the
Products, Metadata and Free Metadata tabs aswell. For example, you may indicate an observation
ID and select a particular type of product from the Product type drop-down list in the Products tab.

* If you do not see the product type you want in the Product type drop-down list in the Products tab,

1.14

4
try clicking the “=* "~ icon to reload the product types.

@

Tip
TheProduct Browser doesnot find datal know tobepresent. Check the following:

» Makesurethat thelocation of your datais selected in the Data Source panel. If in doubt,
select more data locations.

» Make sure you are searching for the right kind of data. For example, you may bein the
Observations tab, thus searching for entire observations when instead you want to look
for adata product inside an observation. If so, switch to the Products tab and make sure
that the Product type field has the correct value. If in doubt, choose her schel . i -
a. dat aset . Product to search for any data product.

Removing data from disk

Removing reprocessed data.  You can remove data products, up to full observations, from the
result area of the Product Browser (see Figure 1.22 ). Select one or more rows, then right click and
choose Remove product fromstorage/pool . Click Yes inthe confirmation window to removethe data.

K

Note

Removing a product context, such as an observation context, does not remove just the
context itself (the container) but also its child products (the contents).

Removing data downloaded from the HSA.  Original data downloaded from the HSA cannot be
removed in the Product Browser. Instead, choose Edit - Preferences and click My HSA in the | eft-
hand sidelist. The My HSA panel opens. Hereyou can sel ect datayou | oaded from tar files downl oaded
from the HSA ( Indexed Datasets from HSA tar files) or online data you browsed from the Product
Browser ( Direct retrieval sessions ). Click Remove to delete the selected data items.

X

Warning

Do not remove data from disk while you have variables in HIPE referring to those data.
Since HIPE does not aways keep all the contents of a variable in memory, you may not
be able to save the variable contents to disk again.

1.15. On-demand reprocessing of observa-

tions
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Y ou can reprocess data "on demand” to have the most updated data products.

The HSA contains data processed with different versions of the processing pipeline and calibrations.
Although all the data are periodically bulk-reprocessed with certain pipeline versions and the same
calibrationfiles, acertain degree of inhomogeneity isunavoidable, sincethe HSA isthesciencearchive
of an operational mission, whose content is being continuously upgraded.

To reprocess your datawith the latest operational version of the pipeline and calibration files, you can
submit arequest for on-demand reprocessing . The selected observations are processed at the Herschel
Science Centre and the results are provided to you through FTP. Only the same processing profile
which is used by the standard processing is available in on-demand mode.

Y ou can request on-demand reprocessing by following these steps:
1. Loginto the HSA and open the HSA User Interface as described in Section 1.4.1 .
2. Search for the observations you want to reprocess, as described in Section 1.4.2 .

3. Select the observations for which you would like to request on-demand reprocessing, by ticking
the checkbox next to the observation record.

4. Click the shopping cart icon in the toolbar of the HSA User Interface.
The Shopping Basket tab opens.

5. Click the On Demand Reprocessing tab.

6. Click Submit Request .

To monitor the status of your on-demand jobs, choose Windows - On Demand Monitor inthe HSA
User Interface.

Oncethereprocessing has been completed, you receive an email notifying the avail ability of processed
datafor FTP retrieval.

The new products are delivered in azipped file. Unzip thisfilein your favourite directory and load the
observations into HIPE by using the Navigator view or the get Cbser vat i on task, as explained
inSection1.5.

Since the products generated in on-demand mode are not stored in the HSA, they cannot be indexed
under MyHSA. Instead they are indexed in your local store (see Section 1.3 ) under a pool called
by the same name as the zip file provided by the HSA ( <i nst r ument >_<obsi d>, for instance
s_1342216878 ). Therefore, once the observation has been indexed for the first time, subsequent
recoveries of it from your disk should be donewith theget Obser vat i on command or the Product
Browser as explained in Section 1.7 .

Note

@ On-demand reprocessing is intended to be used for alimited set of observations. Thisis
because this functionality makes use of the same operational system at the Herschel Sci-
ence Centre which is used for the daily processing of Herschel data and for bulk repro-
cessing. These processes always have priority over any on-demand reprocessing request.

1.16. Exchanging data with FITS files
1.16.1. Saving a product to a FITS file

You can save any kind of Herschel datato FITS files, aslong asit is of type Pr oduct or a dataset
suchasaTabl eDat aset . All the raw and reduced data coming from the Herschel Science Archive
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are either products or datasets. Note that you cannot save arrays such as Doubl eld (for example,
single columns extracted from atable dataset). In that case, see the end of this section for how to wrap
arrays into datasets.

To save aproduct or dataset as FITSfile, follow these steps:
1. Select the product or dataset in the Variables view.
2. Right click on the variable name and choose Send to - FITSfile.

The si npl eFi t sWit er task dialogue window opens in the Editor view, as shown in Fig-
ure 1.28.

3. Write the name of the FITS file in the file field. Alternatively, click the folder icon to browse to
adifferent directory.

4. Optionaly, tick the Ask before overwriting checkbox to be warned if you are about to overwrite
an exigting file.

5. Optionaly, choose a compression method from the compression drop-down list. Y ou can choose
between ZIP and GZIP.

6. Press Accept to save the product or dataset to file.

2 simpleFitsWriter % \

- Inputs

product™: myProduct

fila": ® |mfinsFile.fits.oz |=
WA @ [ Ask before owverwriting compression: @& | GZIP hd

~ Execution Status

D e <

Figure 1.28. FITS savetask dialogue window.

Note
@ » You are responsible for adding the . f i t s extension to the file name, plus any addi-
tiona extension, such as. gz , if you choose a compression method. If you fail to do
so, other applications such as ds9 may not handle the file correctly.

» Unlessyou choose adifferent directory, FITSfilesare saved in the directory HIPE was
started from. To locate this directory, issue these commands in the Console view:

i nport os
print os.getcwd()

Example 1.28. How to get thecurrent workind directory for theJythoninterpreter.

From the command line

Y ou can write aproduct or dataset to a FITS file with the simpleFitsWriter in HCSS User's Reference
Manual task. Follow the link to access the corresponding entry in the User's Reference Manual.

myProduct = Product() # Enpty data product
si npl eFi t sWiter(nmyProduct, "nyProduct.fits")

Example 1.29. Creating a new empty data product and writing it to disk asa FITSfile.

37



Data input/output Build 15.0.3244

Files are saved in the directory from which you started HIPE, unless you provide a different path with
the file name.

The following commands create an image and save it as amulti-extension FITSfile:

# Saving an inage conposed of random data to disk

nyl mage = Si npl el nage(descri ption="An i nmage", i mage=Doubl e2d(50, 100), \
error =Doubl e2d( 50, 100), exposur e=Doubl e2d( 50, 100))

sinpl eFi tsWiter(nyl mage, "nylnmage.fits")

# Readi ng back the file created

path = "nylnage.fits"

nyl mage = inportlnage(fil ename = path)

Example 1.30. Creating a Simplel mage with random data and saving it to disk as a FITSfile, reading it
back afterwards.

Warning
O The above code generates a FITSfile with the value 50 assigned to the NAXI S2 keyword
and 100 assigned to NAXI S1. In other words, the image size is 50 pixels along they axis
and 100 pixels along the x axis. The coordinate values are displayed in this order (y, X) in
the Image Viewer. For an explanation of why they sizeis specified before the x size, see
the Scripting Guide : Section 2.2.5 in Scripting Guide.

If yougetaSi gnat ur eExcept i on error whentrying to saveavariableto FITS, it probably means
that your variables are not a product or dataset, but a simple array, such asaDoubl eld. To saveit
to FITS file you have to manually wrap atable dataset around it:

nmyArr ay Doubl e1d(10, 10.0) # Array, cannot be saved to FITS
myTabl e Tabl eDat aset ()

myTabl e[ "nmyArray"] = Colum(nmyArray) # Putting array into dataset
sinpl eFitsWiter(nyTable, "nyTable.fits")

Example 1.31. Using a dataset asa wrapper to storean array in a FITSfile.

1.16.2. Retrieving a Herschel product from a FITS file

To load a Herschel product stored in a FITS file (or any other standard FITS file), do either of the
following:

» Doubleclick on the FITSfilein the Navigator view.
* Choose File - Open File, select the FITSfileand click Open.

Thetasksused by HIPE to load FITSfilesaref i t sReader andsi npl eFi t sReader . Thefit-
sReader task (see Figure 1.29) triesto guessthefile contents by looking at the XTENSI ONkeyword,
and puts the contents in a variable of the appropriate type.

Note
@ Thisprocedureisalso valid for high-level reduced datafrom SO, XMM-Newton, ALMA
and SOFIA. For filesthat aren't correctly imported this way, please see Section 1.16.6

If fitsReader does not recognise the file contents, it defaultsto the si npl eFi t sReader task.
This task is optimised to read data from FITS files as packaged by HIPE. If the file is not a HIPE
FITS product, the contents are put in unformatted arrays. Y ou can choose how to read the file or let
the software choose.

Torunf it sReader orsi npl eFi t sReader fromHIPE, go to the Tasksview, select the All tasks
folder and scroll downtof it sReader or si npl eFi t sReader . Double click on the task name
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to open its dialogue window. Insert the input file name and click the Accept button to run the task
and read in the FITSfile.

[ (D fitsReader x\

= Inputs
file™: ] =

fitsType: @ ||Quess -

spectral cube

SPRectrum

Figure 1.29. FITSread task dialogue window.

From the command line

Y ou can read data from a FITS file into HIPE with the fitsReader in HCSS User's Reference Manual
task. Follow the link to access the corresponding entry in the User's Reference Manual.

nyProduct = fitsReader("nyProduct.fits") # Load a product from FITS

Example 1.32. Load a product from a FITSfile.

1.16.3. Translation of Herschel metadata to FITS key-
words

Long, mixed-case parameter names, defined in the metadata of your product, are convertedto aFITS
compliant notation. This notation dictates that parameter names must be uppercase, with a maximum
length of eight characters.

HIPE uses the following lookup dictionaries to convert well-known FITS parameter names into a
convenient and human-readable name:

» Common keywords widely used within the astronomical community, which are taken from
HEASARC.

» Standard FITS keywords.
» HCSS keywords containing keywords that are not defined in the above dictionaries.
* Instrument-specific dictionaries:

» The HIFI-specific dictionary is included in the HCSS dictionary and maintained as a part of it.
See above.
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» The PACS-specific dictionary is located here.

For example the following metadata is transformed into a known FITS keyword:

product . et a[ " sof t war eTaskNane"] =St ri ngPar anet er (" FooBar ")
Example 1.33. Setting a metadata property to a StringPar ameter value.
The result in the FITS product header is the following:

HI ERARCH key. PROGRAM=' sof t war eTaskNarne'
PROGRAM = ' FooBar

A full demonstration is available in the following example. The script creates a product with several
nested datasets, storesit into aFITS file, and then retrievesit again.

# First we will get sonme unit definitions for our exanple
from herschel . share.unit inport *
fromjava.lang. Math inport PI

# Construction of a product (only for denobnstration purposes)
points = 50

x = Doubl eld. range( poi nts)

X *= 2*Pl/points

eV = Energy. ELECTRON_VOLTS

# Create an array dataset that will eventually be exported

s = ArrayDat aset (data = x, description = "range of real values", \
unit = ev)

degK = Tenperat ure. KELVI N

# Provide sone nmetadata for it (header infornmation)

s.neta[ "tenperature"] = LongParaneter(long=293,\
description="roomtenperature", unit = degkK)

# We can store the array in a FITS file

# after making it a Product

p = Product (description="FI TS denonstration", creator="You")
# Add sonme neta data

p. met a[ " sanpl eKeywor d"] =St ri ngParaneter ("First FITS file")
p. met a[ " obser vati onl nst runent Mode"] =St ri ngPar amet er (" Uni t Test")
# Add the array of data to the product

p["myArray”] =s

# Store in FITS file

fits = FitsArchive()

fits.save("sdenon.fits", p)

# And restore it
scopy = fits.|oad("sdeno.fits")

# Create a Tabl eDataset for export

t = Tabl eDat aset (description = "This is a table")
t["x"] = Col um(x)

t["sin"] = Columm(data=SI N(x), description="sin(x)")

# And a conposite dataset with an array and a table in it

¢ = ConpositeDat aset (descri ption="Conposite with three datasets!")

c. net a[ "exposeTi ne"] = Doubl ePar anet er (doubl e=10, descri pti on="durati on")
c["childArray"] = s

c["childTable"] =t

c["chil dNest"] = ConpositeDataset("Enpty child, just to prove nesting")

# And finally, a product that has the conposite dataset,

# Tabl eDat aset and array dataset.

p = Product (description="FI TS denonstration", creator="deno. py")
p.creator = "You?"

p. rodel Nanme = "denonstrati on”

p

.nmet a[ "sanpl eKeyword"] =\
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Stri ngPar anet er (" Exanpl e keyword not in FITS dictionaries")

p. met a[ " obser vati onl nstrunent Mode"] = StringParameter ("UnitTest")
p["myArray”] =s
p["nyTabl e"] =1t
p["nyNest"] =c

# Save our product ...
fits.save("deno.fits", p)

# ... load it back into a new variable, n,...
n =fits.load("deno.fits")

# ... and show it!

print n

print n["nmyArray"]
print n["myNest"]
print n["myNest"]["chil dNest"]

# We can al so get information on the metadatal/ keywords
print n.nmeta

# And | ook at a specific piece of netadata

print n.meta["startDate"]

Example 1.34. Create FITSfile from random data and read it back.

1.16.4. Structure of Herschel products when saved as
FITS

Thissection describesthe structure of FITSfilescreated from typical Herschel product types appearing
inLevel 2 data.

All FITSfiles described here, when produced from Herschel observation products, also haveaHi s-
t or y extension with three child extensions. Hi st or yScri pt, Hi st oryTasks and Hi st ory-
Par anet er s. These are explained separately in Section 1.16.4.9.

How to export data products from HIPE to other astronomical softwareisdescribed in Section 1.16.7.
If you have successfully exported Herschel data to other software, you are encouraged to contribute

information to this page. Click the [~ icon in the toolbar of the HIPE Help System to get in touch
with us.

1.16.4.1. General information

World Coordinate System.  WCS information is held in the main header of the FITS fileand in
thei mage extension, for those products that have an i mage dataset.

M easurement units.  Information on measurement unitsis held in the header of each FITS exten-
sion. Look for the QTTY__ and BUNI T keywords, unless stated otherwise in the following sec-
tions.

1.16.4.2. Simplelmage

A FITSfilefromaSi npl el mage showsat least threeimage extensionscalled i mage, er r or and
cover age. These have the same size and contain the flux, error and coverage information of the
original image, respectively. Usually thereisaso aHi st ory extension and more could be created
by the pipelines. To check which extensions are present in the product, you canusepri nt nySi m

pl el mage and check the contents of the dat aset s attribute.

If aWCSispresent intheoriginal image, the WCS keywords appear inthe FITSfilefor each array-like
extension such ascover age, error.

For the most current information about the structure of products and their datasets, you can check the
Product Definitions Document and, for PACS products, the PACS Products Explained document.
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Figure 1.30. Structureof a FITSfileproduced from a Si npl el nage.

1.16.4.3. SpectralSimpleCube for PACS

A Spect ral Si npl eCube has two three-dimensional datasets, i nage and cover age, and one
table dataset | magel ndex, with two columns relating each cube layer to its wavelength. The Lay -
er Count column contains the layer index (starting from zero) and the Dept hl ndex column con-
tains the corresponding wavelength.

These datasets are translated to two image and one binary extension in the FITS file, with the same
names. The wavelength measurement unit isheld in the header of the | magel ndex extension, under
the TUNI T1 keyword.

If aWCSis present in the original image, thisiskept in the FITSfile.

Tip
@ A PACS projected cubeisaSpect r al Si npl eCube.

I SpectralSimpleCube '—
Imageindex LayerCount I

Depthindex

Figure1.31. Structureof aFITSfileproduced from aSpect r al Si npl eCube from a PACS observation.
Thetwo columns of the | nagel ndex binary table extension are shown.

1.16.4.4. SpectralSimpleCube for SPIRE

The structure of this product, and corresponding FITSfiles, for SPIRE observation is mostly the same
as for PACS observations, as described in Section 1.16.4.3. The only difference is the addition of
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two more three-dimensional datasets, err or and f | ag , converted to two image extensions in the
FITSfile.

I SpectralSimpleCube '— image

error

flag

coverage

Imagelndex LayerCount

Depthlndex

Figure1.32. Structureof aFITSfileproduced fromaSpect r al Si npl eCube from a SPIRE observation.
Thetwo columns of the | magel ndex binary table extension are shown.

1.16.4.5. SpectralSimpleCube for HIFI

Youcanfind Spect r al Si npl eCube objectsinLevel 2.5HIFI data. These cubes are made of three
three-dimensional datasets, called i nage, wei ght and f | ag. These are converted to three image
extensionsin the FITSfile.

Unlike cubes from PACS and SPIRE observations, there is no | magel ndex dataset relating cube
layersto their wavelength (frequency for HIFI). Instead, you can look at thei mage dataset metadata,
where parameters cr pi x3, crval 3, ct ype3 and so on define the reference layer, unit and scale
of the frequency axis.

These keywords are trandated to the header of thei mage extension in the FITSfile.

[ SpectralSimpleCube image

weight

flag

Figure 1.33. Structureof a FITSfile produced from a Spect r al Si npl eCube from aHIFI observation.

1.16.4.6. PacsRebinnedCube

A PacsRebi nnedCube derives from a Spect r al Si npl eCube and adds more components to
it. The exported FITSfileis correspondingly more complicated.

Cube datais held in six three-dimensional image extensions, called i mage, r a, dec, st ddev, ex-
posure and f | ag. Ther a and dec extensions hold the coordinates of each pixel in degrees (the
measurement unit is shown in the extension header).

The | magel ndex extension relates each cube dlice to its wavelength, in the same way as with a
Spect ral Si npl eCube. Thewave& i d extension contains the same wavelength information as
thel magel ndex extension, but without the Layer Count column.

The contents of thequal i t yCont r ol extension can be ignored.
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I PacsRebinnedCube '— image

dec

ra

qualityControl

stddev

exposure

flag

WaveGrid

Imagelindex LayerCount

Depthindex

Figure 1.34. Structure of a FITS file produced from a PacsRebi nnedCube. The two columns of the
| magel ndex binary table extension are shown.

1.16.4.7. HifiTimelineProduct

TheHi fi Ti mel i nePr oduct isaproduct context (a container with references to other products),
which meansthat it cannot be saved as FITS file from HIPE.

InsideaHi fi Ti mel i nePr oduct thereareasummary table and one or more Dat aset W apper
products (one per building block) containing anumber of Spect r unDat aset objects.

The summary table and each Dat aset W apper can be separately saved as FITSfiles, but note that
these FITS fileswill not have the History extension.

The FITS file of a summary table has one binary extension called wrapped, which reproduces the
original table.

TheFITSfileof aDat aset W apper hasonebinary extension per spectrum. Thesearecaled 0001,
0002 and so on. These extensions contain the actual spectra. Each extension is a table with one
row and as many columns as the parameters describing the spectrum. Each table cell may contain a
single value (like longitude and obs time) or an array of values (like flux and | sbfregquency).

HifiTimelineProduct wrapped
' DatasetWrapper o o001
-bl 002
003

Figure1.35. Structureof aFITSfileproduced fromaHi fi Ti mel i nePr oduct . Thisproduct cannot be
saved directly asa FITS file, but the summary table and each Dat aset W apper can. The dashed gray
lines show the contents of each FITSfile.
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1.16.4.8. SpectrometerPointSourceSpectrum

This SPIRE product has one extension called 0000, with two children extensions called SSW»4 and
SLWD4. These correspond to the centre bolometers of the short and long wavelength spectrometer
arrays, respectively. Each extension isatable with five columns; wave (wavelength), f | ux, error,
mask (zero unless mask flags have been applied) and nunScans. Each row is a data point of the
spectrum.

The nunScans column is not present for data processed with SPG versions prior to 9.1.0.

[Spec frometerPointSourceSpectrum l

!

wave

flux

error

mask

numScans

Figure 1.36. Structure of a FITS file produced from a Spect r onet er Poi nt Sour ceSpectrum The
five table columns are shown for the SSWD4 extension. They are the same for the SLWC3 extension.

1.16.4.9. The History extension

TheHi st ory extension is part of all the FITS files generated from HIPE products, including those
described in the previous sections. It containsthe following child extensions, all in binary table format:

» HistoryScript. This table contains a Jython script with al the operations performed on the data
that resulted in this data product. The table as a single column, and each row correspondsto aline
of the script.

» HistoryTasks. This table shows the names of all the tasks used in data processing, and the corre-
sponding HIPE version and build number. The execution date and time is al'so shown in the Ex-
ecDat e column. Theformat isFi neTi ne, that is, the number of microseconds since 1st January
1958. To convert avalue to a more convenient format, you can use a command like the following
in the Console view of HIPE:

print FineTi me(1693341725238000)
Example 1.35. Printing a FineTime for matted string to the console.

» HistoryParameters. Thistablelists all the task parameters used during data processing, with their
type, value and whether the value used was the default (column | sDef aul t ). Note that, for pa-
rameters, of type PRODUCT, the valueis usually an expression likehash2798118624. Thisisa
unique value identifying the particular data product that was used.

With the Task| D column you can find the task a given parameter was used in, by comparing the
value with thosein the | D column of the Hi st or yTasks column.

For more information about history in products, see the Scripting Guide: Section 2.8.7 in Scripting
Guide.
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> D '

[ History

HistoryTasks

HistoryParameters

ExecName

( TaskiD o incraski El
( BuildVersion

[ Name > l Userinput

[ Type o= { Class

[ Value - { ProductType

| IsDefault I.- -bl Productld l

Figure 1.37. Structureof theHi st or y extension of a FITSfile created from a Herschel product. Column
names for each of the three binary table extensions ar e shown.

1.16.5. Troubleshooting FITS import/export

For more information see the FITS 1O general documentation.

Problems opening FITS files created by HIPE

If you export aFITS file from HIPE and modify it with an external program, HIPE may not be able
to import it anymore. If this happens, follow these steps:

1. Openthe FITSfilewith aFITS editing program such as fv.
2. Deletethe HCSS __ keyword from the header of all extensions.
3. Savethefile.

HIPE should now be able to read thefile.

FITS header character limit

A FITS header card is limited to 80 characters. StringParameters and FITS card descriptions longer
than the allocated length are distributed over multiple lines. An & character at the end of aline means
that the text continues on the next line. The keyword CONTI NUE isused for the lines after thefirst one.

Opening multi-extension FITS files in DS9

When FITS files with multiple extensions are opened as cubes in DS9, the application crashes. One
alternativeisto open the different extensions in separate frames, for which you need at least version 6
of DS9. Version 6 or higher of DS9 does not crash on cubes, and it correctly opens only the relevant
extensions.

1.16.6. Importing a non-Herschel FITS file into HIPE

There are several options for importing data from a non-Herschel FITS file and making it fit into a
Herschel product or dataset. These options go from arelatively simple class for reading/writing FITS
fileswhichisincluded along with Java (Fi t sAr chi ve) to aHIPE task that triesto smartly guessthe
most similar Herschel product to create and load the FITSfiledatainto (f i t sReader ). Someof them
have been previously described in this section, but they will be mentioned again as part of aworkflow
that will allow you to select the most appropriate mechanism for importing some exotic FITSfile.

46


../../hcss_drm/ia/io/fits/index.html

Data input/output Build 15.0.3244

1. TheFi t sAr chi ve class can only be used via script and you can find examples in both the URM
entry in HCSS User's Reference Manual and in this section in Example 1.39 (writing FITS only).
The usua output for this class is ssimply a dataset that holds the data encapsulated in a generic
Pr oduct .

2. The si npl eFi t sReader task has been explained before in Section 1.16.2. To use the task
through the GUI, you can:

» Doubleclick onthe FITSfilein the Navigator view.

* Choose File - OpenFile , select the FITSfileand click Open .

When using the GUI, if you select guess (see Figure 1.29) asthef i t sSType input parameter,
the task that will be called internally isf i t sSReader instead. This option tries to guess the file
contents by looking at the XTENSI ON keyword, and puts the contents in a variable of the appro-
priatetype. If f i t SReader does not recognise the file contents, it defaultsto thesi npl eFi t -

sReader task. Thistask isoptimised to read datafrom FI TS files as packaged by HIPE. If thefile
isnot aHIPE FITS product, the usual output isa set of unformatted arrays. Torunf i t sReader

or si npl eFi t sReader from HIPE, go to the Tasks view, select the All tasks folder and scroll
downtofit sReader orsinpl eFi t sReader . Double click on the task name to open itsdia-
logue window. Insert theinput file name and click the Accept button to run thetask and read inthe
FITSfile. Finaly, if you want to script those tasks, either have alook at their URM entries (simpl-
eFitsReader in HCSS User's Reference Manual or fitsReader in HCSS User's Reference Manual)
or try this example copied from the URM:

filepath = "path_to_file/fil enane"
readertype = Sinpl eFi t sReader Task. Reader Type. STANDARD
product =si npl eFi t sReader (fil e=fil epath, reader=readertype)

Example 1.36. Importing a non-Herschel FITSfile with the smpleFitsReader task.

Remember that the f i t sReader task is the same but it only requires one parameter (therefore
using guessing implicitly): fi | e.

3. If you know the HIPE type that most closely matches the FITS file data, you can use any of the
i mport * tasks. These are the current import tasks:

e i nport Cube _inHCSSUser's Reference Manual

e i nport Spectral Cube inHCSSUser's Reference Manual
e inportlmge _in HCSSUser's Reference Manual

e i nport Rgbl mage _in HCSSUser's Reference Manual

The image importing tasks only have one parameter, a string containing the path to the file and
return the image as an output parameter. For example:

filePath = "nyNonHerschel . fits"
nyl mage = i nportl mage(filename = fil ePath)

Example 1.37. Importing non-Her schel FITSfiles using specific imageimport tasks.
The cube importing tasks have two parameters, an input/output parameter that takes a previously

defined variable and sets its content to the data in the FITS file and a string containing the path
to thefile. For example:

filePath = "nyNonHerschel . fits"
myCube = Spectral Si npl eCube()

myCube = T npor T Spectral Cube(spect g cube = nyCube, filename = TiTeParh)

Example 1.38. Importing non-Her schel FITSfiles using specific spectral import tasks.
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1.16.6.1. Using data from other missions and observatories

HIPE is able to load FITS files. Being an open format, many missions and observatories offer their
products as FITSfiles. In particular, HIPE can read the FITS files that the Common Astronomy Soft-
ware Applications (CASA) suite of tools produces. This software is used to process the raw data (un-
readable by HIPE) obtained from ALMA interferometer and generate the final products (readable by
HIPE in the form of a standard FITSfile).

1.16.7. Importing a Herschel FITS file into external ap-

plications
This section describes how to import FITS files of Herschel productsinto some popular data analysis
applications.

1.16.7.1. IDL

Importingimages.  See the following code:

IDL> im= nrdfits('/path/imge.fits', 1)

% Conpi | ed nodul e: FXMOVE.

% Conpi | ed nmodul e: MRD_HREAD.

% Conpi | ed modul e: FXPAR

% Conpi | ed nodul e: CGETTOK

% Conpi | ed nmodul e: VALI D_NUM

% Conpi | ed nmodul e: MRD_SKI P.

MRDFI TS: | mage array (2012,2009) Type=Real *8
% Conpi | ed nodul e: SWAP_ENDI AN_| NPLACE

IDL> tv,im

Importing spectra.  See the following code:

| DL> spec = mrdfits('/path/spectrumfits',2)

% Conpi | ed nodul e: MATCH

% Conpi | ed nodul e: MRD_STRUCT

MRDFI TS: Binary table. 4 colums by 2061 rows.

I DL> hel p, spec, / struc

** Structure <15e03af4>, 4 tags, |ength=28, data | ength=28, refs=1

WAVE DOUBLE 31.200000
FLUX DOUBLE 8.2931329
ERROR DOUBLE 3.4131544
MASK LONG 0

I DL> pl ot, spec. wave, spec. f | ux

Importing cubes.  Seethe following code:

I DL> cube = nrdfits('/path/cube.fits',2)

MRDFI TS: | nege array (16, 18,374) Type=Real *8
I DL> hel p, cube

CUBE DOUBLE = Array[ 16, 18, 374]
I DL> pl ot, cube[ 8, 8, *]

Inthe case of PACS projected cubes, the structure of the FITSfileisthat described in Section 1.16.4.6 .

| DL> FI TS_HELP, ' pat h/ cubeNane. fits

XTENSI ON  EXTNAMVE EXTVER EXTLEVEL Bl TPI X GCOUNT PCOUNT NAXI S NAXI S*

0 32 0 0 0

1 | MAGE i mage - 64 1 0 3 39 x 39 x 29
2 | MAGE cover age - 64 1 0 3 39 x 39 x 29
3 BI NTABLE | magel ndex 8 1 0 2 12 x 29

4 | MAGE Hi story 32 1 0 0

5 BI NTABLE Hi storyScri pt 8 1 0 2 80 x 7

6 BI NTABLE Hi st oryTasks 8 1 0 2 3 x1

7 BI NTABLE Hi st oryPar anet ers 8 1 0 2 103 x 12

I DL> i mage = nrdfits(' path/cubeNane', 'image', hd) ; the header contains the inage's
WCS

I DL> i magel ndex = nrdfits(' path/cubeNane','|nagel ndex')
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| DL> wave = inmagel ndex. dept hi ndex ; cube's wavescal e

1.16.7.2. CLASS

Y ou can read the FITSfiles produced withthehi C ass task in HIPE on HIFI datawith thefollowing
commands:

file out MyH Fl Spectra. hifi mul

fits read MyH Fl Spectra.fits

#

# Now you have a CLASS file named MyHI Fl Spectra. hifi (you can use whatever
# you want as an extension) you can access |ike you always do in CLASS:
#

file in MyH FI Spectra. hifi

find

get first

set unit f i

devi ce i nage white

pl ot

For PACS data or any Spect r umld product, run this script in HIPE:

Spectrumld to CLASS FI TS conver si on

Witten by C. Borys April 15, 2010

cborys@ pac. cal t ech. edu

Inspired greatly by H CLASS, witten originally by Bertrand Del forge
and now nmi nt ai ned by Damni en Raboi s.

The core code was taken directly fromthat package.

NOTE: this code is specific for HFl, and even then may | ack
sone of the keywords CLASS | ooks for. The script is relatively
easy to tweak however.

Qut of the box, this should work on the spectrumld that
is output fromH Fl's deconvol ution task. Indeed that was
the driver for this task in the first place.

from herschel .ia.io.fits.dictionary inmport AbstractFitsD ctionary
from herschel . share.fltdyn.time inport FineTine

fromjava.util inport Date

from herschel . share. unit inport Frequency

# Define keyword dictionary

# The following class is stolen directly from H CLASS

class MyFitsDictionary(AbstractFitsDictionary):

"""Dictionary to use with FitsArchive to get proper keywords.

Because HCSS can use netadata paranmeters with fancy names and FI TS
is stuck with keywords of 8 uppercase ASCI| characters, a
dictionary is needed to convert the neta data paraneter names into
FI' TS keywor ds.

The present class defines a dictionary for which the HCSS nane and
the FITS name of a paraneter are identical. This allows you to
popul ate a HCSS dat aset using the keywords you will want to see
appear in the FITS file. And they will be used.

When instanciating this dictionary, feed to the constructor a
product created by HHCass. It will be scanned and all the neta
data paraneters found in its datasets will be added to the
dictionary.

Say you want to export a product p:
>>> dico = MyFitsDictionary(p)

>>> archive = FitsArchive()

>>> archive. rul es. append(di co)

>>> archive. save(sFi | eNane, p)
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def __init__ (self,

p):

p: Hi d ass product.
AbstractFitsDictionary. __init__(self)
sel f. _addKeysFor Product (p)

def _addKeysFor Product (sel f, prod):
map(sel f._addKeysFor Dat aset, map(prod. get,
def _addKeysFor Dat aset (sel f, ds):

for meta_name in ds.neta. keySet():
sel f.set(neta_nane, meta_nane)

# This routine checks for a neta data paraneter and if

# sets a default.

prod. keySet ()))

it doesn't exist,

def checkFor Met a(spect rum met aName, net aDef aul t)

if spectrum net a. cont ai nsKey( net aNane) :
mdat a = spectrum net a[ met aNane]
el se :

cl ass_nane= netaDefault.__class__.__nane

print metaNane, "tag not found in spectrﬁ Setting to defaul t"”

if class_nane. endswi th(' Float')

mdat a = Doubl ePar anet er ( Doubl e( net aDef aul t))

elif class_name. endswi t h(' Doubl e')
nmdat a = Doubl ePar anet er ( net aDef aul t)
elif class_name.endswith('String')
mdata = StringParanet er (net aDef aul t)
elif class_name. endsw th(' Long')
nmdat a = LongPar anet er (et aDef aul t)
return ndata

# the nmain routine:

def spectrumldToC ass(spectrumfitsfn):
# ensure that the spectrumis a 1d.
class_nane = spectrum __class__.__nanme__
if class_nane. endswi th(' Spectrunid'):

print "Converting input spectrunt
el se :
print "lnput is not a Spectrumld, exiting."
return -1
p=Product (description = 'Herschel HFI', \
instrument = "HFl"', \
creator = 'spectrumldToC ass')

p.type = 'Cass formatted fits file'

sFl ux=spect rum get Fl ux()

sWave=spect rum get WVave() *1e6 # converts to Hz,

n_channel s=sFl ux. | engt h()

# conpute frequency paraneters
# this conputes a scale,

assunes data is in MHz

but needs a | ot of error checking
# -assunmes data has no NANs and is ordered,

etc.

# works fine for decon output but may crash on types of 1d.

sl ndex = Doubl eld. range(| en(sWave))
fitter = Fitter(slndex,
result = fitter.fit(sWave)

fregSpaci ng=resul t[ 1]
fregStart=resul t[O0]

# lrregularity. not used for now.
diff

irregularity = STDDEV(diff)

bl anki ngval ue=- 1000

# here is where we set all
met a= Met aDat a()

#

# AXi s di nensions.

meta[' MMXIS' ] =
neta[' MAXIS1'] =
netal' MAXIS2'] =

LongPar anet er ( 4,
LongPar anet er (n_channel s,
LongPar anet er ( 1,

Pol ynom al Model (1)) # Degree 1: y =

ax+b.

= (slndex * freqSpacing + freqStart)-sWave

the nmeta data CLASS fits needs.

"Nunber of axis")

"Max nb of channels in spectruni')

"Position coordinate 1 scale")
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met a[ " MAXI S3' ]
met a[ ' MAXI S4' ]
#

LongPar aneter (1, "Position coordinate 2 scal e")
LongPar anmet er (1, "Stokes paraneters")

# Axis 1. Frequency.

# CLASS under st ands FREQ FREQUENCY, LAMBDA, WAVELENGTH.

meta[' CTYPEL'] =
met a[ ' CRVAL1' |

meta[ ' CDELTY' ]

StringParaneter ("FREQ', "Frequency scal e paraneters")
Doubl ePar aneter (freqStart, \

"Frequency offset @reference channel")

Doubl ePar anet er (f reqSpaci ng, \

"Freq step, fres, channel width.")

meta[' CRPIX1'] =

: P_NONE
- TAN:  P_GNOVONI
-SIN. P_ORTHO
-STG P_STEREO

-ATF: P_Al TOFF
-GS: P_RADI O

Be careful:

roj ='-GS

HO HHFHFHFHFHEHFHEHFHFFHFHFHFFEHFEHFHFHHFHRHE

met a[ ' CTYPE2' |
met a[ ' CRVAL2' |
met a[ ' CDELT2' |
meta[ ' CRPI X2' |
#

-ARC:. P_AZI MUTHAL

| amb: P_LAMBERT

LongPar anet er (0, "Nunber of the reference channel")

Axis 2: Right ascention.

CLASS understands RA--, RA; DEC-, DEC; GLON; G.LAT ; TIM UT
For the projection system CLASS under st ands

Unpr oj ect ed data
C | Radi al Tangent pl ane
I Di xon Tangent pl ane

I Schm dt Tangent pl ane
I St ereographic

| Lanbert equal area

I Aitoff equal area

|

Cl assic Single dish radio mapping

~NOoO ol WNEFE O

Read Representations of celestial coordinates in FITS
Authors: Mark R Cal abretta, Eric W Geisen
(Submitted on 19 Jul 2002)

ar Xi v: astro- ph/ 0207413v1
http://arxiv.org/abs/astro-ph/ 0207413

RA becones RA---GLS with three hyphens

Dec becomes DEC- -GS with two hyphens.

That's why we can also wite 'RA--' and ' DEC'
for "RA" and 'DEC : it's just easier to add the
proj ection code after that.

StringParaneter (' RA--' + proj)
checkFor Met a( spect rum "raNomi nal ", 0. 0)
Doubl ePar amet er (0. 0)

Doubl ePar amet er (0. 0)

# Axis 3: Declination.

met a[ ' CTYPE3'
met a[ ' CRVAL3'
met a[ ' CDELT3'
met a[ ' CRPI X3'

— e e
o mn

nmet a[ ' CTYPE4'
net a[ ' CRVAL4'
net a[ ' CDELT4'
nmet a[ ' CRPI X4'
#

# Msc. informati

— e
o mn

net a[ ' EQUI NOX' ]
net a[ ' BLANK' ]
net a[ ' DATE- RED ]
net a[ ' PVEL- LSR ]
net a[ ' PVELTYPE' ]
net a[ ' TELESCOP' ]
met a[ ' SCAN ]

net a[ ' SUBSCAN ]
met a[ ' OBJECT' ]
net a[ ' MOLECULE' ]

StringParaneter (' DEC-' + proj)

checkFor Met a( spect rum "decNomi nal ", 0. 0)
Doubl ePar amet er (0. 0)

Doubl ePar amet er (0. 0)

Stri ngPar anet er (' STOKES' )
Doubl ePar amet er (1. 0)
Doubl ePar amet er (0. 0)
Doubl ePar amet er (0. 0)

checkFor Met a( spect rum "equi nox", 0. 0)

LongPar anet er ( bl anki ngval ue, "Marker of invalid channel s")
Dat ePar anet er (Fi neTi ne(Date()),"Creation date of this file")
Doubl ePar anmet er (0. O, "source vel ocity")
StringParaneter('radio','source velocity type')
StringParanet er (' Herschel -H FI -WBS' , ' source of data')
LongPar anet er (1)

LongPar anet er (1)

checkFor Met a( spect rum "obj ect”, ' Unknown obj ect')

Stri ngPar anet er (' Unknown nol ecul e', ' Mol ecul e nane')
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meta[ ' LI NE ] StringParanet er (' Unknown |ine',"'Line nanme')
met a[ ' EXPOSURE' ] checkFor Met a( spect rum "exposure", 0. 0)
meta[ ' TSYS' ] checkFor Met a( spect rum " Tsys", 0. 0)

met a[ ' RESTFREQ |
meta[ ' | MAGFREQ |
met a[ ' BEAVEFF' |

met a[ ' PRESSURE' |
met a[ ' TOUTSI DE' |

Doubl ePar anmeter (freqStart,"'")

Doubl ePar anmeter (freqStart,"'")

checkFor Met a( spectrum "beff", 1. 0)

Doubl ePar anet er (0. O, ' At rospheri c pressure')
Doubl ePar anmet er (0. O, ' At rospheric tenperature')

# convert the 1d flux into a 2d array for CLASS.

sArray=Doubl e2d( 1, sFl ux. | engt h())

sArray[ 0, :] =sFl ux

# format the data into a table dataset, and tag it with our netadata

sDat a=Tabl eDat aset ()

sDat a[ " DATA"] =Col unim( dat a=sArr ay, descri pti on="The spectruni, uni t =Fr equency. HERTZ)

sDat a. net a=net a

# insert the data into our product, and convert netadata keywords into FITS
conpl i ant text.

p[ " dat a"] =sDat a

keyDi cti onary=MyFi t sDi cti onary(p)

for meta_name in meta. keySet ():
keyDi cti onary. set (neta_nane, meta_nane)

# save the output.
fits=FitsArchive()

fits.rul es. append(keyDi cti onary)
fits.save(fitsfn, p)

# exanpl e usage:
# spectrumldTod ass(nySpectrumld, ' nyCl assQutput.fits')

Example 1.39. Complete example to convert a Spectrumld classto a CLASS FI T Sfile.

1.16.7.3. SAOImage DS9

1.17.

Choose File . Open to open FITS files of Herschel images and cubes.

Note also that you can exchange data between HIPE and SAOImage DS9 viathe Virtual Observatory
SAMP protocol. See Section 1.17 for more information.

Working with the VO (External Tools)

The Virtual Observatory is a set of technologies alowing, among other things, the integration of dif-
ferent dataanalysis applications. Y ou can view and manipul ate datain one application (such asHIPE),
send it to another application with the click of a button, view and manipulate the data there, and send
it back to the original application. HIPE supports this using SAMP, Smple Application Message Pro-
tocol .

SAMP works using a message hub , a very light-weight piece of software that coordinates data ex-
change among V O-aware applications.

All ESA archives are VO-aware aready, but access to VO-aware archivesin HIPE is not available
yet. Aladin or VOSpec (please open this link in a new tab or window) aready provide an interface
to many data sources, such as the ESA archives, including 1SO. So it is possible to access the ESA
archives by retrieving the data using Aladin and sending it to HIPE from there.

1.17.1. Sending products from HIPE to external tools

To send a data product to a vV O-enabled application, follow these steps:

1. If the application is not one of SAOImage DO , Topcat , Aladin or VOSpec , start it manually. If
the application is one of those listed, HIPE will start it automatically when sending the data.

52


http://aladin.u-strasbg.fr/aladin.gml
http://www.cosmos.esa.int/web/esdc/vospec

Data input/output Build 15.0.3244

Y ou can start some V O-enabl ed applications directly from HIPE. Click the External Tools iconin
the HIPE Welcome page to display the list. Click an icon to launch the corresponding application.

2. Select the product in the Variables view.

3. Do either of the following:

* From Tools - Interoperability - Send Data to , select the application to which you want to
send your product.

 Right click on the product in the Variables view and from the Send to menu choose the appli-
cation to which you want to send your product.

The product appears in the chosen application.

To return the data to HIPE, send them from the other application. Refer to the documentation of the
external application for instructions.

Troubleshooting.

Data exchangeis possible only if thereis 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 name being greyed out in the Send Data
to menu.

There is no VO protocol to exchange whole data cubes between application. You must instead
extract and send single images or spectra.

If the application is not listed in the Send Data to menu at all, make sure that the application is
connected to SAMP.

VVOSpec may be listed twice in the menu as VOSpec and VOSpec (2, not supported) . Thisis due
to abug in version 6.5.p2 of VOSpec. Use the VOSpec entry and ignore the other one.

If HIPE cannot find SAOImage D9 on your system, choose Edit - Preferences and go to External
Tools , where you can specify where the application isinstalled.

HIPE connects to the VO automatically at startup. If the icon at the bottom right corner of HIPE

iswhite ( ® ) instead of yellow ( ® ) it means that HIPE has disconnected for some reason.
Choose Toals - Interoperability . Connect to the VO to connect again.

When you select an application from the Send Data to menu and that application is downloaded
via Java WebStart, you may need to send the data a second time after the application has started.

If none of the above points solves your problem, you may have found a bug in the software. Please
raise a Helpdesk ticket.

Choosing Tools - Interoperability - SAMP Hub Satus opens the SAMP Hub Monitor:;
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SAMP Hub Monitor,

rCIients rReceived Messages |/Sem Messages
1

Clients—————————— | rIdentit

€ HIPE O Public ID: [hub

® HubMonitor O ~Metadata:

Ve VOSpec (O samp. name:
[Hub

samp.description.text:
|org. astrogrid. samp. hub.BasicHubSenvice
samp.icon.url:
[nttp://127.0.0.1:42052 fexport/L/hub. piE
author.mail: =
[m.b1avier@bristol. ac. uk

rsubscriptions
samp.app.ping

|® @ % | O ” Unregister from Hub ‘§

Figure 1.38. The SAMP Hub Monitor window.

Here you can find information about the client applications connected to the hub and the messages
sent and received by each application. You should not have to look at this window other than for
debugging purposes.

1.17.2. Sending products from external tools to HIPE

To return the data to HIPE, send them from the other application. Refer to the documentation of the
external application for instructions.

Caveats. Sending datafrom external applications to HIPE has the following limitations:
* Itisnot possible to send multiple planes at once from Aladin to HIPE.
* Itisnot possibleto send HIFI OTF maps back to HIPE from Aladin.

» When sending atable dataset to Topcat, units are not treated correctly. Degrees and arcminutes are
converted to radians, while other units are ignored.

1.17.3. Opening VO Tables from HIPE

You can open VO table datain XML form without resorting to SAMP interoperability. This type
of VO Tablefile is returned from the execution of TAP queries on services like VizieR or Simbad,
or using tools like Topcat and Aladin. It can be identified by the root tag <VOTABLE> or the XML
declaration <?xmi at the beginning of the file. To do that, you make use of the task voToTabl e.
Thistask takestwo parameters, dat a isthe path to the VO table XML fileand name isthe mandatory
name for the output Tabl eDat aset . Thepat h parameter can be either an absolute path or relative
to HIPE installation and the XML file could even be packaged in aJJAR file.

tabl el = voToTabl e(dat a=' votabl e. xml ', nane=' Dubhe')
Example 1.40. Convertinga VO tablein XML format to TableDataset.

The output is aregular instance of Tabl eDat aset containing all the info from the VO table XML
file.
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1.17.4. Writing tables to files in VO-table XML format

TowriteaTabl eDat aset instancetoafilein VO-table XML format, thereisatask calledt abl e-
ToVo which takes as arguments the file name and the Tabl eDat aset to write. You can use the
following two examples as reference;

# Taking a dataset froman auxiliary product - happens to be a EventsLogDataset in
this case.

obs = get Cbservati on(obsi d=1342265972, useHsa=Tr ue)

data = obs.refs["auxiliary"].product.refs["EventsLogProduct"].product["16_2"]

fromtenpfile inport NamedTenporaryFile

outfile = NamedTenporaryFil e(del et e=Fal se)

# The task requires a specific file extension (.xm, .vot or .votable)

outfile.name += ".xm"

tabl eToVo(fil e=outfile.nane, tabl e=data)

Example 1.41. Writing a TableDataset from an observation to an XML -based VO file.

# Constructing a sinple Tabl eDataset from scratch
t = Tabl eDat aset ()

t["First"] = Col um(Doubl eld(10))

t["Second"] = Col um(Doubl eld(10))

fromtenpfile i nport NamedTenporaryFile

outfile = NanmedTenporaryFil e(del et e=Fal se)

# The task requires a specific file extension (.xm, .vot or .votable)
outfile.name += ".xm"

tabl eToVo(fil e=outfile.nanme, table=t)

Example 1.42. Writing a synthetic TableDataset to an XML -based VO file.
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Chapter 2. Saving data as text files

This chapter covers the reading and writing of tabular data from text (ASCI|I) files. The first section
lays out some considerations for users working with text files, and explains some of the concepts and
terms that apply to handling ASCII data in HIPE. This is followed by severa sections of "worked
examples' with data formats you may typically encounter. The remaining sections each address a
particular task that you may want to accomplish.

Y ou can choose to first go to the "worked examples' as a quick start to working with the ASCII 1/
O tasksin HIPE, or to jump to individual task-based sections of interest, or to read straight through
the chapter from beginning to end.

2.1. Considerations and concepts for working
with text files

Pointsto consider about ASCII 1/0.

* The best ASCII format to use with HIPE is CSV. HIPE is prepared to automatically open
comma-separated values (CSV) files with the . csv file extension, when double-clicking them in
the Navigator view. Files with delimiter characters usually require less effort to parse than blank
space separated files, which can require fine-tuning and configuration of the parser class. See Sec-
tion 2.14 and the sections after that one.

» FITSfilesare often a better exchange format.  Products in HIPE are easily exported to FITS
files, which are easily read back into HIPE with metadata and history preserved. Thereisno general
way to save a data product or a product context to text files, aside from the Spectrum products. If
you must save a product to file, saveit into FITS format. See Section 1.16.1 for more details.

» The ASCII 1/O taskswork, in general, with table datasets. Table datasets are by far the most
common data structure for Herschel data. Any Herschel data product is ultimately a collection of
table datasets. There are dedicated HI PE tasks to exchange datain table dataset form with text files.
See the next sections for details.

For more information on table datasets, see the Scripting Guide: Section 2.4 in Scripting Guide.

Tip
@ You can save table datasets directly to FITS format. This is the recommended way to
save table datasets to file. See Section 1.16.1 for more details.

» The ASCII I/O tasks are tools that often require manual configuration. Aside from a few
automatically-supported formats, the tasks require some setup in order to handle all cases of datain
textfiles. To set up all columninformationin atable dataset such as name, unit, type and description,
typically you will have to perform some configuration on the command-line.

The ASCII 1/0O tasks do not automatically detect the format of the data in a text file, with the ex-
ception of certain. csv (comma-separated-values) and . t bl (space-separated) files.

Tip
@ In the Navigator view of HIPE, you can double-click onfilesendingin. csv or. t bl ,
to read these in as, respectively, comma-separated-value or space-separated tables.

» Spectrahavetheir own dedicated task for writingtotext files. Thereisadedicated export -
Spect runifoAsci i task for exporting spectra to text files. This task accepts as input all the
most common data types describing spectrain HIPE, including Spect r unid, Spect r und and
Spectral Si npl eCube. An example of using the export Spect r unlfoAsci i task isgiven
in Section 2.2. For more information on the expor t Spect r umloAsci i task, see Section 2.12.
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e Jythonin HIPE includesarich set of functionality for handling text files. There are different
ways to exchange data with text files, depending on the type of data you want to exchange:

< Jython lists, tuplesand dictionaries. Y ou can write these data structures to file using Jython
commands, as explained in the Scripting Guide: Section 1.25 in Scripting Guide.

Note that Herschel data is never distributed as plain Jython data structure, so it is unlikely you
will have to write them to file.

For more information on lists, dictionaries and tuples, see the Scripting Guide: Section 1.10 in
Scripting Guide.

¢ Numericarrays, such asDoubleld. Youcanwrap 1-dimensional numeric arraysinto atable
dataset and write the table dataset to file, as explained later in this chapter. Assuming you have
aDoubl eld array caled ny Ar r ay, thisis how you create a table dataset containing it:

nyTabl eDat aset = Tabl eDat aset ()
nyTabl eDat aset [ " myCol utm®] = Col um( nyArr ay)

Example 2.1. Creating a TableDataset with a Column made up of array data.

Numeric arrays may be written to a file using the print statement. Consider two Doubl eld
arrays named wavel engt h and f | ux with equal lengths:

wavel engt h = Doubl eld(5, 1.0)
flux = Doubl eld(5, 1.0)
fh = open(' myspectrumtxt','w)

for i in range(len(wavel ength)):
print >> fh, '%3.6f %3.6f' % (wavel ength[i], flux[i])
fh.close()

Example 2.2. Read a numeric array from afileand loop over itsvalues.

For more information about formatting strings and printing to file, see the Scripting Guide, Sec-
tion 1.23 in Scripting Guide and Section 1.8 in Scripting Guide respectively.

Y ou can read back the values as follows:

fh = open(' myspectrumtxt')
lines = fh.readlines()
wave = Doubl eld()
fl = Doubl eld()
for line in lines:
Isplit = line.split()
wave. append(float(lsplit[0]))
fl.append(float(lsplit[1]))
fh.cl ose()

Example 2.3. Read a numeric array from afileand tokeniseitsvaluesin aloop.
For moreinformation on Numeric arrays, seethe Scripting Guide: Section 2.2 in Scripting Guide.

Concepts in working with the ASCII /O tasks. There are several concepts and terms that you
need to know to work with the full functionality of the ASCII 1/0O tasks.

» Parsers. A parser definesrulesto read atext file into HIPE. See Section 2.26 for the available
types of parser, their features and how to configure them.

» Formatters. A formatter defines rules to write data from HIPE into atext file. See Section 2.27
for the available types of formatter, their features and how to configure them.

» Tabletemplates. A tabletemplate describes the datato be read from, or written to, atext file. It
defines the number of columns in the file, their name, the type and description of the data. While
the parser defines general formatting rules, such as the character used to separate data values, the
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table template describes the data themselves. See Section 2.25 for how to create and configure a
table template.

Configuration files.  You can use a configuration file to store a particular configuration of the
tasks for reading and writing text files. You can then load the configuration file for subsequent
executions of the task. See Section 2.18 and Section 2.23 for instructions.

Delimiters. A delimiter is a character that denotes a boundary between fields in a text file.
The most common delimiter is a comma. For more information on specifying delimiters, see Sec-
tion2.17.

Regular expressions. A regular expression is a concise and flexible means to match strings of
text, such as particular characters or patterns of characters. Regular expressions are used to specify
whichlinesof afileto skip, asdiscussedin Section 2.15, and withtheRegexPar ser for specifying
the delimiter between data fields (for example, to specify multiple spaces or tabs). A discussion of
regular expressions is outside the scope of this manual, but Section 2.28 contains a few examples.

2.2. Worked example: Saving a Spectrum
product as a text file

Use the export Spect rumloAsci i task for exporting spectra to text files. This task accepts as
input al the most common data types describing spectrain HIPE, including Spect r umld, Spec-
t runRd andSpect r al Si npl eCube. Thissection explainshow to outputaSpect r al Si npl e-
Cube to the default comma-separated-value format, and how to read it back into atable dataset.

Warning
O Theexport Spect runToAsci i task doesnot write out all of the columns of the spec-

trum -it only writes the standard wave , f | ux and wei ght columns. Thisis particular-
ly important for SPIRE and PACS data because the er r or column is not written out.
However, the errors can be written asweights, if weight is set to Tr ue in the task, where
the weights are calculated as 1/ er r or ~2. To ensure that all the data are written to file,
please use the asci i Tabl eW it er viaascript or the GUI, e.g. by right clicking the
variable name in the Variables view and choosing Send To -> Text file.

For more information on the expor t Spect r umloAsci i task, see Section 2.12.

Command-line script.  The script in Example 2.4 retrieves a HIFI cube from the archive, exports
it to an ASCII filein your home directory, and then reads it back into a table dataset.

#
#

#

Wor ked exanpl e for exporting a Spectrum object to the default
ascii fornmat

Retri eve a cube fromthe archive

obs = get Cbservati on(obsi d=1342210097, useHsa=Tr ue)
Hi fi Cube=obs. | evel 2_5. ref s["cubesCont ext"]. product.refs["cubesCont ext WBS-H USB"]. \

product. refs["cube_WBS_H USB 1"]. product

print HifiCube.class

#

#

prints <type 'herschel.ia.dataset.spectrum Spectral Si npl eCube' >

Set up the output file

from herschel . share.io inport FileUtil
nyFile = java.io.File(FileUil.USER HOVE, ' Hi fi Cube.txt")

H H HH

H* #F H

The previous line creates the text file in your home directory. If you
want to create the file in another directory, you can wite the full
path plus the file name within quotes, for exanple:

nyFile = java.io.File('/my/custon path/HifiCube.txt')

Export the Spectrumobject to an ASCII file
nmyFi |l e. absol utePath returns the directory path you chose
for the file, so you do not need to wite it again.
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export Spect rumroAsci i (ds=Hi fi Cube, file=nyFile.absol utePath)

# Now read it back in
Hi fi CubeTxt = ascii Tabl eReader (fil e=nyFil e. absol ut ePat h, \
i gnor eVar n=Fal se)

Example 2.4. Script to export a SpectralSimpleCubeto ASCI I, and read back into a TableDataset

Output text fileformat. The script in Example 2.4 outputs the cubeinto a Hi fi Cube. t xt in
your home directory. An excerpt of the output fileis shownin Figure 2.1.

# Meta data {

type={description="Froduct Type ldentification", string="herschel.ia.dataset.spectrum.Spectralsinpletube"}
creator={description="Generator of this product", string="SPG wG.1.8"}

creationDate={description="Creation date of this product", time="2811-85-83T15:83:31 .6300862" )
description={description="Hame of this product", string="HIF| cube product"}

instrument={description="", string="HIFI"}

mode LMame={description="Model name attached to this product", string="FLIGHT"}
startDate={description="Stort date of this product", time="2011-86-@32T1S2:82:31 .6308082"}
endlate={description="End date of this product", time="2811-06-03T15:183:131.6260082"
formatYersion={description="Version of the product format", string="@.1"}+
wavedescription={description="Oescription of WaveColumn", string="Upper sideband freguency"}
wavename={description="Actual name of the Havelalumn", string="usbfreguency"l}

waveunit={description="Units of the HaveColumn", string="GHz"}

sideband={description="upper or lowsr subband", string="usb"}

obsid={description="0Observation id", long=1342218897, unit=rull}
apid={description="Apid", long=1838, unit=rull}

band={descriition="ﬂctive band", string="1b"}

PR R E R NN R

#  aorlooe. descripoon="t R Leeel as ecored o nspot , string="Rot3 0 - oocuSe I RL e o L TLatia

# nodCycleMum={description="", long=@, unit=null}

# nyquistSompling={description="Map is Muquist =ampled", boolean=false}

#  |oFreguency={idescription="The L0 frequency of the source phase", double=571.57425, wnit=GHz [1.8E9 Hz]}

#  wversion=idescription="%ersion of the product", string="1.8"}1

# } MetaData

ushb freguency 8, f lux_8, usbfrequency_1, f lux_1, usbfrequency 2, f lux_2,usb freguency 3, f lux_3, usbfregquency—4, f lux_4, usbfr
Double,Double, Doub le, Doub le, Doub e, Doub le, Doub le, Doub Le, Doub Le, Doub le, Doub Le, Doub le, Doub le, Doub L e, Doub e, Doub Le, Dol
GHz, K, GHz, K, GHz, K, GHz, K, GHz, K, GHz, K, GHz, K, GHz, K, GHz, K, GHz, K, GHz, K, GHz, K, GHz, K, GHz, K, GHz, K, GHz, K, GHz, K, GHz, K, GHz,, K, G
usb freguency, Cube, usb frequency, Cube, usb frequency, Cube, usb freguency, Cube, usb frequency, Cube, usb frequency, Cube, usb frag)
575.462,8.641126183391263561, 575462, 8. 105283665301 12145, 573,462, -6 . 1562209661 975663, 575 .462, -0 .850432533342063744, 5
575.4625, A .8235951 35858940952, 575.4625, A .A7 728529551 848655, 575 .4625, -0 .A965901 5532484992, 575.4625, -8 83161 876491 565
575,463, -0 .68334201 2A241 39595, 575, 463, A.87631 28 76AZ967E45, 575 .463, -A.A571 473950687211, 575 . 463, -0 . A255590183491692, 57
575.4635, -0.81209159526185395, 575.46325, .A3301 5574995393647, 575 . 4625, -0 . 8775384 705470722, 575. 4635, -0.81 391640391 23343
575,46209990000000, 3, 04023664 554632722, 575 . 4630000090000, B, 6051 254882702184, 575, 4620000000000, -8 . A528V212021 492927, 5
575.4645, 0.825420620000272232, 575, 4645, 8, 058002527025230214, 575, 4645, -0.84 1 1528706623720525, 575 . 4645, 0. 8272602065532
573.465,8 . 6VI6A1693241 609301, 575465, 8. A2 1486 266651:20956, 575 . 465, -6 . A5 PAS620580 359649, 575 . 465, -6 . A4 333210637561 11689, 5

Figure 2.1. Excerpt from the output of exportSpectrumToAscii

Each "metadata’ or "comment” line begins with a # character. The rest of the file is in the 'HIPE-
standard' comma-separated-val ue format with a header of four lines.

Reread tablein HIPE. Thelast line of the script in Example 2.4 reads the exported spectrum into
atabledataset named Hi f i CubeTxt . A view of thistable dataset as rendered by the Dataset Viewer
in HIPE is shown in Figure 2.2. Note that the imported object isnot aSpect r al Si npl eCube. To
recover the original cube, it would be necessary to output it as a FITS file and then to import it to
HIPE. Note also that the metadata are not recovered by asci i Tabl eReader .

- Meta Data
flux_0 [K] usbfrequency_1 [GHz] flux_1 [K] usbfrequency_2 [GHz]

i} . 10.04112618591268501 575.462 0.10520306580112145 575.462 |-0.1502
1 575.4625 0.025595185850949952 5754625 0.07780529651840655 575.4625 |-0.096
2 575463 -0.03342912024189695 575.463 0.07681287608907848 575.463 |-0.057
3 5754635 =0.01299159526105395 5754635 0.08016574995398R47 5754635 1=0.0775
4 575.4639999999999 0.04983664554632733 575.4639999999999 |0.06951254002702104 575.4639999999999 |-0.0680
5 5754645 0.08542963690987823 575.4645 0.050098527935230314  575.4645 -0.041T
6 575.465 0.07360169324169391 575.465 0.03148626605180956 575.465 -0.0579
7 575.4655 10.07724 43196827 575.4655 0.014592034109124533  575.4655 |-0.1317
8 575.466 |0.05371095614577734 575.466 0.04331268471028663 575.466 |-0.0925,
9 575.4665 0.08764b82758578542 575.4065 0.08714785449540875 575.4665 1=0.02586
10 575.467 0.06291357322857152 575.467 0.054768505827582345 575.467 |-0.0568
11 5754675 0.01619720456258012 5754675 0.01717077990540213 575.4675 =0.1083
2 575.468 0.0084481180273505 575.468 0.0207430928669927 575.46 -0.1168
3 575.4685 0.05696703224742 575.4685 0.0663056736300522 575.4685 -0.0918
4 575.4689999999999 |0.1258823471360696 575.4689999999999 [0.1127620519465417 575.4689999999999 [-0.0817

575.4695 0.14390811630226816 575.4605 0.0964483988218535 575.4695 -0.0865

Figure 2.2. The TableDataset resulting from running the example script
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2.3. Worked example: Saving a SourceList-
Product as a text file

The Sour celi st Product isa catalogue of sources extracted from PACS or SPIRE maps by the
source extraction tasks in HIPE. This section describes how to write a Sour celLi st Product to
HIPE, then how to read it back inasaTabl eDat aset . Thisexample further shows how to reformat
the Tabl eDat aset back into the form of aSour ceLi st Pr oduct .

Parts of this example can be used to reformat an external catalogue into a Sour celLi st Pr oduct .
Y ou can use such a product asinput to the HIPE source extractors, or drag and drop it onto adisplayed
image in HIPE to mark the source positions.

Command-linescript. Thescript in Example 2.5 will generate aSour celLi st Product froma
map retrieved from the archive, write it to atext filein atemporary directory, read the table back into
HIPE and reformat it asa Sour ceLi st Product .

# Worked exanple for outputting a SourcelistProduct and
# reading it back into H PE

# Retrieve a SPIRE map fromthe archive
obs = get Cbservati on(obsi d=1342222849, useHsa=Tr ue)
myMap = obs. | evel 2. refs[' psrcPSW]. product

# Run sourceExtractorSussextractor to create source |ist
srcLi st = sourceExtractor Sussextractor (i mage=nmyMap, \
det Threshol d=5. 0, fwhn¥17.5)

# Get the tenporary directory
i mport os
tenmp_dir = Configuration.getProperty('var.hcss.workdir")

# Show t hat the SourceListProduct can be witten to FITS

# Note this preserves the netadata in the Sourceli st Product

si npl eFi t sWiter(product=srcList, file=\
os.path.join(tenp_dir, " "srcList.fits"))

# Qutput the "sources" table to ASCl I

# Note: in Qutline view, you can right-click on the

# "sources" Tabl eDataset and then Send to -> Text file

asci i Tabl eWiter(tabl e=srcList["sources"], \
file=os.path.join(tenp_dir,"srcList.txt"))

# Read the text file back into H PE

newSr cTabl e = asci i Tabl eReader (fil e=\
os.path.join(tenp_dir, 'srcList.txt'), \
i gnor eVar n=Fal se)

# Make the Tabl eDat aset into a sourceli st Dat aset
newSour ceTabl e = Sour celLi st Dat aset (newSr cTabl e)

# Insert the SourcelListDataset into a SourcelListProduct
# and update the wcs

newSour ceLi st = Sour celLi st Product ( newSour ceTabl e)
newSour celLi st . set Ws( myMap. wes)

Example 2.5. Script to generate a SourcelL istProduct, writeit to atext file, and read it back into HIPE

Theinitial SourcelListProduct. The script in Example 2.5 generates a Sour celi st Pr oduct
named sr cLi st . Theformat of thislist isshownin Figure 2.3.
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SourcelListDataset
- Meta Data
name value unit description

crpixl 629.0 WCS: Reference pixel position axis 1, unit=5calar

crpixd 664.0 WCS: Reference pixel position axis 2, unit=Scalar

crvall 150.1430057443479%6 WCS: First coordinate of reference pixel

crval2 2.2350219408406136 WCS: Second coordinate of reference pixel

cdeltl -0.0016666b6666667 WCS: Pixel scale axis 1, unit=Angle

cdelt2 0. DGIGBBBEEEGBBBT WCS: Pixel scale axis 2, unit=Angle

ctypel '— -—-T, WCS: Projection type axis 1, default="LINEAR"

ctype? DEC——TAN WCS: Projection type axis 2, default="LINEAR"

equinox 2000.0 WCS: Equinox, unit=Duration

crota? 0.0 The Rotation angle

naxis 2 The number of axes

naxisl 1261 The number of columns

naxis2 1324 The number of rows

- Data

= srelist srcList| “sources”| B A

:[; Index ra [deg] dec [deg] | X ¥ | raPlusErr [deg] decPlusErr [deg] rah |

) T 0 [150.7456348... 2.34298899... 266.76... |727.85.. 8.8099940479523  [8.89297544750533,../8.80994|~
1 |150.5005669... 2.86220716... 413.76... . 1.345465425117...|1.34373255056718...|1.34546|
2 |149.7731346... 2.63568131... 849.75... . 1.351032047409... (1.34959786962429...(1.35103
3 150.3312880... 1.92144142.., 515.14... . 1.471027724164...|1.47018655617392...1.47102
4 [150.5291155... 3.05769979... 396.69.. '1.500493608261...[1.49823684203909...[1.50049|
5 [150.0336045... 2.76512260... 693.62... .. 1.608920973694... [1.60698178601315...|1.60892
b 150.5198482... 1.56558008... 402.01.. 11.750413574370...|1.74967860999686._.|1.75041
7 1149.5935211... 1.58469006... 957.64... . 168323353259...(2.16745405029250... [2.16832
3 Q2848288 RS PLoRE0. et Ol 1032 20228580527 582060,03272621 900426, G

Figure 2.3. Theinitial SourceListProduct generated by sour ceExtractor Sussextractor.

Output text fileformat. Themiddle linesin the script in Example 2.5 output the Sour celLi st -
Pr oduct into atemporary directory, as a FITS file and as a text file. An excerpt of the text fileis
shown in Figure 2.4. This default format is comma-separated values with a four-line header as de-
scribed in Section 2.10.

riy dac, x4 raP lusEre  decP lusEre , rafli nusErr, declinusErr P lusEre, uP lusEre; xNinusEre utli nusEre, fLux fLusP lusErr, fLuxtlinusEre; backgrourd, baP LusErre; bgHg
Doub L&, Douls L&, Dowb e, Doub e, Doub L2, Doub e, Doub L&, Doub L2, Doub L&, Dol e, Doub e, Doub L&, Doub L&, Doub Le, Doub L&, Doub L2, Doub Le, Doub Le, Doub Le
deg, deg, 4 ySeg, degy degydegy s 5 5 g Ay mdyymdy, Judbeam, Jy fbean, Jybean,

158. 9312, 2. 91277, 206, 122,727 8570000247234, B. 8 -5, 5. 8990940772200 74065, 5. 8928754990
156 . 5856695226637, 2 052287161 655236, 412, 766,1839 . o 124546542511 7709E-4, 1 .34 7120364, 1 E-4,1.3437324
140, 7731 346212440, 2. 635881 31361 1538, 840, 7503007556618, 002 . 432464061 746, 1 . 3518320474007 1764, 1 . 240507060624 207264, 1 . 3516320061 2823844, 1. 24059701 411
150,331 28082569955, 1 5214414257 154153, 515, 1400239120985, 474 5300206673673, 1,471 0277241 64741964, 1 470100573601 TFI2Z47E-4, 1. 4710277491 TZ46E-4, 1 4791863
1585291 1554706205, 3 .BS76007024 74838, 305 . 6AGS267 1210435, 1156 62263561627, 1 . 77E-4, 1 2E-4,1 53403651 4 164736E-4, 1 4222365
150, 033004521 7099, 2, 7051 220058704452, 093, 6211320457529, 981 .0T240051 2032, | .005920973604004E -2, 1 606551 73001 31 9G5E-4, 1 .6A302005064 1 6AESE-4, 1 .6A0SS) 865
158.51 4 1,565 STIZ,4EZ.81421052320683, 261 3369095636754, 1. 7504135743 TO6684E-4, 1 . 7496 TE509FISBHIE-4, 1. 7504 13544 2808736E~4, 1 . TH496TE]
140-5@35211?4250(?2 1524608051 7132503, 057 6400553121934, 272 2270300783056, 2. 168323353 250803364, 2. 1674540502925055€-4 , 2 . 1683231 0586262 3E—4, 2 . 1674!
150 . 2482005724055, 2 .8541 53501 9005730, 543 . 0005920856741, | 034 . 4088437421206, 2. 230083758 TEO7I04E—4, 2. 25275051 900470 7E~4, 2. 235083501 64351 77E—4, 2 . 23273
158.59823497234925, 2. 1921415791 32693, 355. 118580187755, 637 . 3132373698327, 2. 252972624708 1E=4, 2 . 25239356064 20068E-4 , 2 , 25397282548556 18E -4, 2 . 25239255641
158, 43268402657 1585, 2.6431 8628558582126, 451 . 029230675203965, 907 .023067P0671238, 2. 257126401 7301 47364, 2, 2546073803651 47664, 2. 2571 2640267061 7564, 2.2546
149, 7465374514 2845, 2. 19133, 865.7 723, 2.36841 4, 2. ZEE-4,2.30841 7001235991264, 2. 36648506 7E,
158 . BE74482520075, 2 2451309601 BBSE4, 312, 525@?2059?255 BE0.7217352482575, 2.4 1125E-4,2.4232 S26E-4, 2. 4240060 =4,2.4232350
158-4&0!805388391 z.e1 2291453!15?336 423, 68?2549&3233 529 33!9&?“43?@3 2., 440066451 32051 14E—4, 2.4303551 4050a505E -4, 2. 4408066574 312870E-4, 2. 4303854
158.16197681536753, 1 .591 44, 6166 75,516 .9432830536767, 2 . 4397659433361 69GE-4, 2 43027834101 1961E-4, 2. 4397659581 5TI7I0E-4, 2 .439278]
158.2528410624005, 2. 98021 44245747727, 562, 2316824300703, 1855 5357501 723087, 2 466206PE2503580E-4, 2. 45760670256 3353E-4, 2 . 466800743236632E -4, 2. 4576678,
149, 9527241 7942343, 220830 723T49915, 134, 0997079094274, 557 . 0133009901 457, 2. 4?EMQBDWUD1EE 4y £ 4 TII01 ZTRZ0040TE-4, 2, 47E0TTIE01 30007E-4, 2,470 910
1504604 1439264817, 39113516209 16990, 432 . 45508 1128 42 47030762504 252E-4, 2. 4020025702001 21 E~4, 2. 47839797
156 . 8663266753030, 1 . 8051 20525678168, 23@ 254375A38E51 03,450, 1442017085122, 2 5916-1423858501 vE-4, 2 SBEZ003030526707E-4, 2. 561 6444234501 31E-4, 2. 506300265
1350,453007021 3921, 2. 955422245540307, 455, 9092233009202, 1094 835510659091, 2, 577539211420 18A0E-4, 2. 574245772741 T9E-4, 2. 5770395298020 T0E -4, 2. 57424000
140,4912?386803232,2 .ASA082TIS66E1587, 1872 ?143?395?2306, 02 ?Baem‘z?eaﬁz! 2. aeazzomumgnmE—d,z 1689309E4 .2 amlE—d, 52222248
140, 8942904 751 5427, 2,207 7337050185864 , 777 1670088423261 , 646 6305340554254, 2 LSET49444 7530020464, 25855978 BSQG?GIE—4 2.387404346357744E -4, 2. 5855073
158.3194778474858, 2. 2665429438063584 , 522, 25462406751 57,693.9191 B35Z5881, 2.594201 3 4, 2. 5922378, =4, Z.5042914447706284E-4 , 2. 5022570420
1585737763 :292?,. 2363, 716??51m?u245 435 0‘324um§2?365,2 6‘32019@&6&19@?55:—4,2 6315521 45079737E-4, 2. mulssg?aﬁasﬁu?s—a,z .631552
140, 720554 30508624, 1 ,385338015!3443I6 S70.050821 3358513, 273 403 23002286776, 2 673007371 525801 E—4, 2671071681 20705164, 2.673007191 63222364, 2.6T19713
150 . 42258082131 8425, 2 . SEB50353775575, (Tl .9558?49‘?865I5,92? 185739438802, 2.67714023331 94544E-4,2.E?48889-1325935335E-4,2.&7?14934?58529.’2E-4,2.5?4581 063
158.,375844747274320, 2,251 500180293285, 428, 51562034121 764, 1038 .91 60256474883, 2 684623526021 77364, 2 .68113795650558 3664, 2 ,68462362096571E-4, 2,621 3013
158616285 2.18780 2 344 2528620 o 022747404571 0072, 2.71 7454707 5S003E—4, 2. 715000597231 T49E-4, 2. 71 P45405305 1 95464, 2. 71500056
158.52451032200362, 2 &55972‘?!39”7965 !EQ ‘3?3??89?2425 1161 JEOB A5G4S 2.7424 7044522172564, 2. 7443372225293'& 4y 2 ?494?95‘9&595185 4y 2. 7443375038,
8, 3248594283204 = % L . g = 85 4.2 2 4,2.78

Figure 2.4. Excerpt from thetext file written from the SourceListProduct.

Reread table in HIPE. The last section of the script in Example 2.5 reads the exported
source list into a table dataset named newSr cTabl e. Note that the imported object is not a
Sour ceLi st Product . The rest of the script shows how to convert the imported table dataset into
aSour celLi st Product . A view of this table dataset as rendered by the Dataset Viewer in HIPE
isshown in Figure 2.5.
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SourceListDataset

value description
1629.0 WCS: Reference pixel position axis 1, unit=Scalar
664.0 WCS: Reference pixel position axis 2, unit=5calar
150.14300574434796 WCS: First coordinate of reference pixel
2.2350219408406136 WCS: Second coordinate of reference pixel
-0.001666666666667 : Pixel scale axis 1, unit=Angle
0.001666666666667 : Pixel scale axis 2, unit=Angle
RA---TAN : Projection type axis 1, default="LINEAR"
DEC--TAN : Projection type axis 2, default="LINEAR"
2000.0 : Equinox, unit=Duration
0.0 The Rotation angle
The number of axes
The number of columns
The number of rows

newSourceList newsourceList[“sources”|
-° Index | ra [deg] dec [deg] | raPlusErr [deg] ] decPlusErr [deg]
0 150.7456348... [2.34298899. .. 7h... .85... 8.899940479523... |8.89297544750533.[8.
1 150.5005669... |2.86220716... 76... .3... 1.345465425117.../1.34373255056718... |1.

2 149.7731346... |2.63568131... 5., 43, 1.351032047409...1.34959786962429... |1,
3 150.3312880... |1.92144142 . A4 85 1.471027724164...1.47018655617392... 1.
4 150.5291155... |3.05769979... B9, .6... 1.500493608261... 1.49823684203909...
5 150.0336045... 2.76512260... 62 .07... 1.608920973694... 1.60698178601315...
6

150,5198482... [1.56558008... 01... 33... 1.750413574370... L.74967860999686.. |1.
T e e L S e > et - ke

Figure 2.5. Thereconstituted SourcelL istProduct with dataread in from thetext file.

2.4. Worked example: Reading a Spitzer
spectrum into a table dataset

The Spitzer Heritage Archive serves avariety of data productsin an ASCII format known commonly
as IPAC Table Format. In this section, the procedure to read in a Spitzer spectrum is shown, using
the RegexPar ser and atable template.

Note

@ HIPE can now read files in the IPAC Table Format automatically. See Section 2.8 for
more information. This exampleisleft asanillustration of advanced usage of parsers and
table templates.

Input fileformat.  Spitzer Spectra ASCII tablein fixed format. An excerpt is shown in Figure 2.6.

“char HISTORY PROCESS Z@1@/10/@Z2 @Z2:34:03

“char HISTORY irs_tune v3.4 (nl_and_params v1.9)
“char HISTORY INFILE = extract.tbl

“char HISTORY INFILE = cal/fluxcon.tbl

“char HISTORY UP_DOWN_MODE = tune_down

“char HISTORY APPLY = 3,

“char HISTORY MAMELIST_FILE = cdf/irs_tune.nl

lorder Iwavelength |flux_density lerror |bit-flag |
lint Ireal I real Ireal lint |
| 1 |y 1Jy | |
1 7.45515 8.346469 NaN 12288

1 7.51564 8.391154 B.003242 ]

1 7.57612 8.425596 9.003127 ]

1 7.63660 8.407751 9.002902 @

1 7.69709 8.402711 0.002706 @

1 7.75757 8.436215 9.002651 @

1 7.818@5 B.467682 B.002622 a

1 7.87854 B.487097 9.002598 @

1 7.93902 8.495642 0.002537 @

1 7.99951 8.507413 0.002473 @

e 2 2

Figure 2.6. Excerpt from the a Spitzer spectrum product.

Each metadata or comment line begins with a backslash. The header information is delimited by the
pipe symbol. The rest of the table can be treated as a space-separated file.

Command-linescript.  The following script downloads the online catalogue, writes it to a tempo-
rary file, sets up the template and the RegexPar ser , readsin the table, and deletes the input file.

# Worked exanple for reading in a Spitzer spectrumin "|PAC table" format
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# Following is the contents of the table

whi ch is excerpted

# froma Spitzer spectrum 'SPl TZER SO_20925696_0005_5_E7559452_bksub. t bl
contents= (

"\\ char
"\\ char
"\\ char
"\\ char
"\\ char
"\\ char
"\\ char
"| order
"lint

PR RPRPRRPRRRPRRPRRPRPREPRPREPRPRPRERRPRPRERRPREPREPRPRERREPRPRERPREPRERRPRERERRPRRERRERRERRERR

HI STORY
HI STORY
HI STORY
HI STORY
HI STORY
HI STORY
HI STORY
| wavel en
| real

|

. 45515
. 51564
.57612
63660
69709
75757
81805
87854
93902
99951
05999
12047
18096
24144
30192
36241
42289
48337
54386
60434
66483
72531
78579
84628
90676
96724
02773
08821
14869
20918
26966
33015
39063
45111
51160
57208
63256
69305
75353
81401
. 87450
. 93498
. 99547

COOOOOOOOOOOEOOOOOPPDPEMPPP®PE®®DP®NNNNNNNNNN

PROCESS 2010/ 10/ 02 02: 34: 03\ n"

irs_tun
I NFI LE

APPLY =

e v3.4

3,\n"

(nl _and_parans v1.9)\n"
INFI LE = extract.tbl\n"

= cal /fluxcon.tbl\n"
UP_DOWN_MODE = tune_down\n"

NAMVELI ST_FI LE = cdf/irs_tune.nl\n"
gth |flux_density |error

| r

ea

| Jy

o

OO0 000000000000 0000000000000000000000000000

. 346469
. 391154
. 425596
. 407751
. 402711
436215
467682
487097
495642
507413
518590
526655
536147
545094
547389
548689
546367
538944
526541
508472
486871
461781
437327
408632
381725
356162
326461
298850
268248
238048
208400
178549
150669
123782
105198
081897
066417
054389
043911
034835
. 029328
. 025912
. 021534

| real
| Jy

NaN
. 003242
. 003127
002902
002706
002651
002622
002598
002537
002473
002417
002387
002327
002325
002331
002258
002166
002116
002110
002094
002067
001984
001933
001860
001845
001866
001852
001872
001751
001703
001683
001605
001579
001466
001351
. 001237
. 001172
. 001019
NaN

NaN
0. 001027
0. 000797
0. 000759

OO0 000000000000 00000000000000000000000

|bit-flag
| i nt

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOS
N
o]
(e¢]

e
N N
N N
0 0
©

O oo

|\n"
|\n"
|\n"

\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"
\'n"

# The next three lines nerely set up the exanple to be read in

from herschel . share.io inmport FileUtil

nmyFile = java.io.File(FileUil.TEMP_D R\
' SPI TZER _S0_20925696_0005_5_E7559452_bksub. tbl ")

FileUtil.saveTextFile(nyFile

# Set up the parser to ignore (1)
# (2) lines beginning with the pipe synbol

contents)

# Set the delimter to be one or nore spaces

nyPar ser =RegexPar ser (i gnore=""\\\\ ||| M\s*$' delimter="\\s+")

# Check the units that we wll

feed to the Table Tenpl ate

l'i nes begi nning with backsl ash
(3) blank lines
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# NOTE: Some HI PE core-only installation need this inport
from herschel . share.unit inport Unit

print Unit.parse("m crons").isKnown()

# returns Fal se

print Unit.parse("M CROVETERS") . i sknown()
# returns True

print Unit.parse("Jy").isKnown()
# returns True

# Set up the Table Tenpl ate
myTenpl ate = Tabl eTenpl ate(5, \

names = ["Order", "Wavel ength", "Flux", "Error", "Bit-flag"], \
types = ["Integer", "Double", "Double", "Double", "Integer"], \
units = ["", "M CROVETERS", "Jy", "Jy", ""], \
descriptions = ["Spectral order", "Wavel ength", \

"Flux density", "Error in flux density", "Flags"])

# Read in the table

tabl e = ascii Tabl eReader (fil e=nyFil e. absol ut ePat h, \
tenmpl ate = nmyTenpl at e,
par ser =nmyPar ser)

# Clean up by deleting the file
nmyFi |l e. del et e()

Example 2.6. Worked examplefor reading in a Spitzer spectrum in " IPAC table" format

Resultingtablein HIPE.  Theresult of running the previous script isatable dataset namedt abl e.
A view of thistable dataset as rendered by the Dataset Viewer in HIPE is shown in Figure 2.7.

- Meta Data
None

- Table Data
Index | Order | Wavelength [um] | Flux [Jy] | Error [Jy] | Bit-flag

0 1/7.45515 0.346469 |[NaN 12288
1 17.51564 0.391154 |0.003242 0
2 17.57612 0.425596 |0.003127 0
3 17.6366 0.407751 |0.002902 0
4 1/7.69709 0.402711 |0.002706 0
5 1/7.75757 0.436215 |0.002651 0
6 17.81805 0.467682 (0.002622 0
7 17.87854 0.487097 |0.002598 0
8 17.93902 0.495642 |0.002537 0
9 1/7.99951 0.507413 |0.002473 0
10 1/8.05999 0.51859 [0.002417 0
11 18.12047 0.526655 |0.002387 0
12 18.18096 0.536147 |0.002327 0
13 18.24144 0.545094 |0.00232 0

A T QCATZ220 3 (

Figure 2.7. Thetable dataset resulting from running the example script.

2.5. Worked example: Reading a VizieR cata-
logue into a table dataset

TheVizieR archive server (CDS, Strasbourg) hosts a number of astronomical cataloguesin text form.
This section shows the procedure to read in the ASCII format of the Planck Early Cold Cores Cata-
logue, using the Fi xedW dt hPar ser and atable template.
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The VizieR archive server can also output catalogues in FITS format, which are trivialy

read into HIPE.

Input file format.
format. An excerpt is shown in Figure 2.8.

PLICKICC GOOO.04-15.93 25.5 0.0439 -15 9380 256 7951 -37 .2353 9555 40211 6459 21167 557 2105 G020 1706 13 .
PLCKECC GOOO.37-19.51 141.3  0.3735 -19 5103 257 .6043 -37.1335 J0E30 113074 2EIEEE 25636 1011 4030 10095 2304 1
PLCKECC GOO0O.45+11.39 &%.5  0.4834 11.3961 254.1§00 -22.2100 16042 GHI06 195003 F0F2F pheiiic) GGG 1279F AGHT
FLCKECC G000 504+00.00 <42.1  0.5054  0.0000 246 7046 -25 5045 630555 3956022 14745516 11119693 GRS FT2951 1355505 4944452 13
PLCKECC GO0O.65-00.01 235.6 0.6592 -0.0186 266 .5135 -25.3526 2314952 14194552 44525696 22175026 131463 TIESGP  ZTYATTS 5314142
PLCKICC GOOO.92-20.16 52.9 0.9229 -20.1651 255 .5931 -36.5710 14255 SE385 155853 IGTS0 S16 3lé6 G462 2652 L
PLCKECC GOO1.234+09.91 15.0 1.2305 9.9155 257.9445 -22 4655 7117 28251 TEL1R 23326 742 2914 T2 5174
PLCKECC GOO1.27+03.75 16.4 1.2744  F.7§§9 203 .59491 -25.5457 1347 55156 114505 15 1579 TEI0 15555 11573
PLCKECC G001.31-20.45 55.4 1.3154 -20 . 4533 2591209 -36 46260 11115 46275 117553 15751 7T 2759 fata 2237 1
FLCKECC GOOL1.35+20.94 119 .4 1.3843 20.9420 245 6557 -15.7760 41195 164403 FHI25T GIE6 949 Ja14 P55 F291 L
PLICKICC GOOL1.64-00.07 36 .4 1.6479 -0.0746 267 . 4453 -27 5645 223312 1320999 SG02954 2030002 FITFE 155494 546459 434191
PLCKECC GOOL1.34+16.55 119.1 1.8457 16 .5877 252 5540 -18.0729 31290 123324 271631 ITE9E 774 2609 EO5E 4525 12
PLCKECC GOOL1.95+09.75 46.1 1.9556¢  9.T§33 255 .5025 -21.957¢ 22952 HTGO05 215217 qz266 2291 710 2F634 67F6 13
FLOKECC GOO3.07+0%.95 &5.0  3.0762 9. 9537 259.0226 -20.9503 25645 SEETI 2E2199 70510 1052 4435 11325 4754 13
PLCKECC GOO3.14+03.19 18.5  3.1421  &.1971 260.6267 -21.5751 12710 52269 131523 JHISE ] 325 057 6117 13
PLICKICC GOO3.27410.42 43 .6 3.2739 10 .4274 255 .7214 -20.5230 7491 31144 51031 21162 261 211 2552 2501 13
PLCKECC GOO3.73+16.39 51.3  3.7354 16 3931 253.5409 -16.72465 8153 F4374 75213 -5165 1449 14933 1597 & |

PICKECC

03, 73+16 50 §.7354  15.5082 252.2281 -15.4006 S006 107652 G52 55425 15515 TEH26 L

Figure 2.8. Excerpt from the Planck Early Cold Cores Catalogue.

The format is explained in a separate ReadMe file, shown in Figure 2.9.

Byte-by-byte Description of file: ecc.dat

The Planck Early Cores Catalogue in text form is alarge ASCII table in fixed

Bytes Format Units  Label Explanations

1- 7 A7 --- == [PLCKECC] Planck Early Cold Cores Catalog

9- 21 A3 --- PLCKECC PLCKECC name (GLLL.11+BE.bb) (NAME)

23- 27 F5.1 --- SNR Detection signal-to-noise ratio (SNR)

29- 36 F8.4 deg GLon Galactic longitude based on bandmerge algorithm
38- 45 F8.4 deg Glat Galactic latitude based on bandmerge algorithm
47- 54 F8.4 deg RAdeg Right ascension (J2008) (RA)

56- 63 F8.4 deg DEdeg Declination (JZ2@@@) (DEC)

85- 73 I9 mly 5353 Aperture flux density at 353GHz (APFLUX333)

75- 83 I9 mly 5545 Aperture flux density at 545GHz (APFLUX545)

85- 93 I9 mly S857 Aperture flux density at B57GHz (APFLUXB57)
95-183 I9 mly 53000 Aperture flux density at 3@@0GHz (APFLUX3@@0)
185-113 19 mly e_5353 Uncertainty ({sigma}) on 5353 (APFLUX353_ERR)
115-123 1I9 mly e_5545 Uncertainty ({sigma}} on 5545 (APFLUXS45_ERR)
125-133 19 mly  e_S857 Uncertainty ({sigma}} on 5857 (APFLUX857_ERR)
135-143 I9 mly e_S3008 Uncertainty ({sigmal}) on 530@@ (APFLUX38B@_ERR)
145-158 F&.3 K T Temperature from greybody fit (TEMPERATURE)} (1)
152-157 F6.3 --- beta Emissivity index from greybody fit (BETA) (1)
159-167 I9 mly g5857  Flux density at 857 GHz from greybody fit (5857)
169-174 FB.3 K e_T Uncertainty ({sigma}) on T (TEMPERATURE_ERR)

Figure 2.9. Excerpt from ReadMefilefor Planck Early Cold Cores Catalogue.

Command-line script.
and the Tabl eTenpl at e must be set up, following the information in Figure 2.8.

The sizes of the columns must be specified to the Fi xedW dt hPar ser ,

The script in Example 2.7 downloads the online catalog, writes it to a temporary file, sets up the

template and the Fi xedW dt hPar ser , readsin the table, and deletes the input file.

# Worked exanple for Planck Early Col d Cores Catal ogue
# Setup: grab the catal og (ecc. dat)

# The following five comrented |ines download a file fromthe |nternet.

# |If you have a file already on your hard di sk,
# the file manually, load the file locally (see

or if you downl oad
bel ow) .
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from herschel . share.io inmport FileUtil

catFile = java.io.File('/path/to/ecc.dat")

catUl =" http://cdsarc.u-strasbg.fr/ftp/cats/VII1/88/ecc.dat’
destFile = java.io.File(FileUtil.TEMP_D R 'ecc.dat")
FileUtil.copyToFile(java.net.URL(catUl),catFile)

HoHoH R H

# Load "ecc.dat" as a local resource (catFile)
# catFile = java.io.File('/path/to/ecc.dat")

# Set up the Table Tenpl ate
myTenpl ate = Tabl eTenpl at e(30, \
names = ["cat", "name", "SNR', "G.on", "G.at", "RAdeg", "DEdeg",\
"S353", "Sb545", "S857", "S3000", "e_S353", "e_Sb45", "e_S857", \
"e_S3000","T", "beta", "gS857", "e_T", "e_beta", "e_gS857",\
“fit", "T.c", "beta.c", "a.c", "b.c", "e_T.c", "e_beta.c",\
"e_a.c", "e_b.c"], \
types = 2*["String"] + 5*["Float"] + 8*["Integer"] + 2*["Float"] + \
["Integer”, "Float", "Float", "Integer", "Integer"] + 8*["Float"], \
units = 3*[""] + 4*["deg"] + 8*["mJy"] + ["K"', "", "mly", "K', "", "miy", \
"mjynr2", "K', "", "arcmin", "arcmn", "K', "", \
"arcmin", "arcmin"])
# Descriptions could be added, but are onmitted for brevity's sake

# Set up the parser
nmyPar ser =Fi xedW dt hPar ser (si zes=[7, 14, 6] + 4*[9] + 8*[10] + 2*[7] + \
[i0, 7, 7, 10, 7, 7, 7, 6, 6, 7, 7, 6, 6])

# Read in the table
tabl e = ascii Tabl eReader (fil e=cat Fi | e. absol utePath, \
tenpl ate = nyTenpl ate, parser=nyParser)

Here we used destFil e.absolutePath to indicate the absol ute path of
the file we downl oaded fromthe Internet at the begi nning of the
script.
Most |ikely you have already a file on your hard disk, in which case
you can just pass the path as a string to the file paraneter:
tabl e = ascii Tabl eReader (fil e="/hone/user/ nyFile.dat", \

tenpl ate = nyTenpl ate, parser=nyParser, deliniter=None)

HHHEFEHRHFEHEHRE

Example 2.7. Complete script for reading in the Planck Early Cold Cores Catalogue.

Resulting tablein HIPE.  Theresult of running the script in Example 2.7 is a table dataset named
t abl e. An excerpt of this table dataset, displayed with the Dataset Viewer in HIPE, is shown in

Figure 2.10.

- Meta Data
None
-~ Table Data

Index cat name SMR Clon [deg] | Glat [deg] | RAdeg [deg] | DEdeg [deg] | S353 [mly]
0 PLCKECC |G000.04-18.93 [25.5 0.0439 -18.938 286.7951 -37.2353 9555
1 PLCKECC |G000.37-19.51 [141.3 0.3735 -19.5108 [287.6043 -37.1385 30830 1130
2 PLCKECC |G000.48+11.39 [69.5 0.4834 11.3961  |256.18 -22.21 16042 663
3 PLCKECC |G000.50+00.00 |42.1 0.5054 0.0 266.7046 -28.5045 | 680888  3986(
4  PLCKECC |C000.65-00.01 |235.8 0.6592 -0.0186 266.8135 -28.3826 | 2314982 141945%
5 PLCKECC |G000.92-20.16 [52.9 0.9229 -20.1651 [288.5931 -36.871 14255 583
6 PLCKECC |C001.23+09.91[15.0 L2305 9.915 257.9445 -22.4685 7117 25
7 PLCKECC |G001.27+03.78 [16.6 2744 3.788 ESleEl -25.8457 13847 55
8 PLCKECC |G001.31-20.48 |55.4 3184 -20.4833 [289.1209 -36.626 | 11118| 462
9 PLCKECC |G001.38+20.94 [119.4 1.3843 20.942 248.6587 -15.778 | 41198 1644
0 PLCKECC |G001.64-00.07 [36.4 .6479 -0.0746  |267.4453 -27.5645 223312] 13209
1 PLCKECC |C001.84+16.58 [119.1 .8457 16.5877  [252.554 -18.0729 290 1233
2 PLCKECC |G001.95+09.78 |46.1 .9556 9.7833 1258.5025 -21.9576 22952 B
3 PLCKECC |G003.07+09.95 |68.0 3.0762 19.9537 259.0226 -20.9508 | 25645 985
14 PLCKECC |GD03.14+08.19 [18.5 3.1421 8.1971 260.6267 -21.8781 | 12710 522
5 PLCKECC |G003.27+10.42 |43.6 3.2739 0.4274  |258.7214 -20.523 749 311
6 PLCKECC |G003.73+16.39(51.3 3.7354 5.3931  [253.8409 -16.7265 8153 3
7 PLCKECC |G003.73+18.30 |112.6 3.7354 8.3082 2.2281 -15.6006 3006 10
8 PLCKECC |G004.02+16.64 [33.0 4.021 16.646 3.7937 -16.3565 | 13979 47
19 PLCKECC |C004.15+35.77 [175.8 4.1528 35.7772  |238.3744 -4.6479 31490
- = _a € B = S - ==

Figure 2.10. Thetable dataset resulting from running the example script.
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2.6. Reading a comma-separated-value (CSV)
file into a table dataset

This section explains how to read tabular data from atext file where data el ements are separated by
asingle comma, like the following example:

Fi rst, Second, Thi rd

Doubl e, I nt eger, String
Wcecm

Power, Lengt h,

# This line is a coment
1.2, 3, One

4.3,7, Two

5.5,4, Three

Example 2.8. A standard comma-separ ated-value (CSV) file with a four-line header.

The above example shows an optional four-line header that givesthe following additional information
about the data:

e Firstline. Column names. Optional.

e Second line. Column data types. Mandatory.

* Thirdline. Column measurement units. Optional.
* Fourthline. Column description. Optional.

Y ou must always include all the four header lines, but you can omit items on some lines (except the
datatypesline) by writing just the data separator (acomma) without any data. In the previous example,
only the first two values for measurement unit and description have been filled. Y ou have to fill al
values only for the second line, that of the data types. Note that, even if you choose not to fill any
value of a header line, you till have to include that line. A header line with no filled values will be
just a series of commas.

If you want to specify just the column names, you do not need to include afull header. Y ou canlist the
column names on the first line. The line must begin with the # character, the same used for comments:

i rst, Second, Third
his line is a coment
One

Example 2.9. A standard comma-separ ated-value (CSV) file with only column titles specified.
Inthegraphical interface.  Follow these steps:

1. Double click on the asci i Tabl eReader task in the Tasks view. The task dialogue window
opensin the Editor view.

2. Enter the path to the text file in the file field, or click the folder icon to the right of the field and
navigate to the text file.

3. Select CSV from the tableType drop-down list.

4. Click Accept. Thefileisimported into atable dataset. For more information on table datasets, see
the Scripting Guide: Section 2.4 in Scripting Guide.

Tip
@ If thefile hasextension . csv, you canimport it by double clicking on it in the Navigator
view of HIPE.
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On thecommand line.  Issue the following command in the Console view of HIPE, assuming that
ny Tabl e isthe name of your new table dataset and / pat h/ t o/ myTabl e. t xt isthe path to the
file you want to import;

myTabl e = ascii Tabl eReader (file="/path/to/nyTable.txt', tableType='CSV )
Example 2.10. Reading a table from afile, specifying itstabular format as CSV.

For afull list of task parametersof theasci i Tabl eReader task, seethe User's Reference Manual:
Section 1.27 in HCSS User's Reference Manual .

Resulting tabledataset.  Thefile shown in Example 2.8 resultsin the following table dataset:

- myTable X \

Index First [ Second [cm] Third
0 1.2 Z|0ne
1 4.3 7T
2 5.5 4[Three

Figure 2.11. A table dataset imported from a CSV file.
« All lines beginning with # are ignored.

» Column names are as specified in the header. If one or more column names are missing in the
header, they are replaced with Col urm0, Col urm1, Col urm2 and so on.

« If aline of data has fewer elements than the others, missing data elements are represented by empty
cellsin the output table dataset.

2.7. Reading a space-separated file into a ta-
ble dataset

This section explains how to read tabular data from atext file where data el ements are separated by
aone or mor e spaces, like the following example:

First Second Third
Doubl e I nteger String
W cm|]

Power Length []

# This is a coment

1.2 3 (ne
4.3 7 Two
5.5 4 Three

Example2.11. A space-separ ated-valuefile of thetypethat can beimported into HI PE with default options.

The above example shows an optional four-line header that givesthe following additional information
about the data:

* Firstline. Column names. Optional.
* Second line.  Column data types. Mandatory.
» Thirdline. Column measurement units. Optional.

e Fourthline. Column description. Optional.
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You must always include all the four header lines, but you can omit items on some lines (except the
data types line) by writing a set of empty sgquare brackets [ ] instead of the item. In the previous
example, only the first two values for measurement unit and description have been filled. Y ou have
to fill all values only for the second line, that of the data types. Note that, even if you choose not to
fill any value of a header line, you still have to include that line. A header line with no filled values
will bejust a series of empty sets of square brackets.

If you want to specify just the column names, you do not need to include afull header. Y ou can list the
column names on the first line. The line must begin with the# character, the same used for comments:

# First Second Third

# This line is a conment

1.2 3 One

4.3

5.5

Example 2.12. A space-separ ated-value file with only column titles specified.

Inthegraphical interface.  Follow these steps:

1. Doubleclick theasci i Tabl eReader task in the Tasks view. The task dialogue window opens
in the Editor view.

2. Enter the path to the text file namein the file field, or click the folder icon to the right of the field
and navigate to the text file.

3. Select SPACES from the tableType drop-down list.

4. Click Accept. Thefileisimported into atable dataset. For more information on table datasets, see
the Scripting Guide: Section 2.4 in Scripting Guide.

Tip
@ If thefilehasextension. t bl , you canimport it by double clicking onit in the Navigator
view.

On thecommand line.  Issue the following command in the Console view of HIPE, assuming that
nmy Tabl e isthe name of your new table dataset and / pat h/ t o/ myTabl e. t xt isthe path to the
file you want to import:

nmyTabl e = ascii Tabl eReader (file="/path/to/ nyTable.txt', tableType='"SPACES )
Example 2.13. Read a table from an ASCI| file, specifying that its values ar e space-separ ated.

For afull list of task parametersof theasci i Tabl eReader task, seethe User's Reference Manual:
Section 1.27 in HCSS User's Reference Manual.

Resulting tabledataset. Thefile shown in Example 2.11 resultsin the following table dataset:

E. myTable X \

Index First [ Second [cm] Third
0 1.2 2|0ne
1 4.3 7[Twn
2 5.5 4(Three

Figure 2.12. A table dataset imported from a space-separ ated-valuefile.
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« All lines beginning with # are ignored.

e Column names are as specified in the header. If one or more column names are missing in the
header, they are replaced with c0, ¢1, c2 and so on.

» Enough columns are created to include all the values in the first line. If other lines have fewer
elements, the resulting table dataset has empty cells.

2.8. Reading an IPAC, SExtractor or Topcat
file into a table dataset

This section explains how to read text files obtained from one of the following sources:
» Catalogues from | PAC/IRSA (InfraRed Science Archive).

* Source lists from SExtractor.

e Space-separated tables.

Inthegraphical interface.  Follow these steps:

1. Doubleclicktheasci i Tabl eReader task in the Tasks view. The task dialogue window opens
in the Editor view.

2. Enter the path to the text file namein the file field, or click the folder icon to the right of the field
and navigate to the text file.

3. Select one of the following options from the tableType drop-down list:
» | PACfor IPAC/IRSA files.
» SEXTRACTOR for SExtractor files.
» SPACES for space-separated files

4. Click Accept. Thefileisimported into atable dataset. For more information on table datasets, see
the Scripting Guide: Section 2.4 in Scripting Guide.

On thecommand line.  Issue the following command in the Console view of HIPE, assuming that
nmy Tabl e isthe name of your new table dataset and / pat h/ t o/ myTabl e. t xt isthe path to the
file you want to import:

nyTabl e = ascii Tabl eReader (file="/path/to/ nyTable.txt', tableType='|PAC)
Example 2.14. Read a table from an ASCI| file, specifying the input format as1PAC.

The previous command worksfor an IPAC/IRSA file. For a SExtractor or space-separated file, replace
| PAC with SEXTRACTOR or SPACES, respectively.

For afull list of task parametersof theasci i Tabl eReader task, seethe User's Reference Manual:
Section 1.27 in HCSS User's Reference Manual .

Known issues. Whilereading space-separated or SExtractor files you may encounter the following
issues:

» Some SExtractor headers are not read successfully, due to an issue with the column position of units
in the file header. Workaround: read the filewith thet abl eType parameter set to SPACES. You
can then fill any missing information by hand.
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Some space-separated files are not read successfully, due to an issue with quoted cells with spaces.
Workaround when using Topcat: export the data from Topcat in FITS format, then read the FITS
file back into HIPE. For information about reading FITSfilesinto HIPE, see Section 1.16.6.

2.9. Reading a generic ASCII table file into a
table dataset

Read this section if the type of file you want to read does not correspond to those described in Sec-
tion 2.6, Section 2.7, or in the worked examples at the beginning of this chapter.

In thegraphical interface. Follow these steps:

1

6.

Double click on the asci i Tabl eReader task in the Tasks view. The task dialogue window
opensin the Editor view.

. Enter thetext file namein thefilefield, or click thefolder icon to theright of the field and navigate

to the text file.

. Change the tableType value to ADVANCED.
. Click on the Advanced tab.

. Change the optionsin the Advanced tab according to your needs (see Customisation optionsin this

section). In particular, you must change the value of the columnType parameter to something other
than GUESS_NONE.

Click Accept. HIPE imports the file contents into a table dataset.

Onthecommandline. Assumingthat/ pat h/ t o/ nyFi | e. t xt isthepathtothefileyouwantto
import, and ny Tabl e the name of the table dataset you want to create, start with this basic command:

nyTabl e = ascii Tabl eReader (file="/path/to/nyFile.txt")

Example 2.15. Reading a table from an ASCI| file, without specifying any input format.

Add options to the command according to your needs (see Customisation options in this section).

Customisation options

Column names are provided with thefile.  See Section 2.14 for how to import them.
You want HIPE to skip a number of linesat thetop of thefile. See Section 2.15.
You want HIPE to ignorelines starting with certain characters.  See Section 2.15.

You want HIPE to delete all white space at the beginning and end of each line.  See Sec-
tion 2.15.

Y ou want to specify the data types of the columnsin thefiles. See Section 2.16.
Y ou want to specify how data values are separated in your file.  See Section 2.17.

You want to save the configuration of the task to use it again, or load a previoudy saved
configuration.  See Section 2.18.

2.10. Writing a table dataset to a comma-sep-
arated-values (CSV) file
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This section shows how to save a table dataset like the one shown in Figure 2.13 to a comma-sepa-
rated-value text file.

L. myTable X \

Meta Data
name walue
creator Kame Surname

~ Tahle Data

Index First [uf] Secand [cm] Third
0 1.2 2|0ne
1 4.2 7T
2 5.5 4{Three

Q7

Figure 2.13. A simpletable dataset.
In thegraphical interface. Follow these steps:

1. Inthe Variablesview, right click on the variable name corresponding to the table dataset you want
to save, and choose Send to - Text file.

Theasci i Tabl eW i t er task dialogue window opensin the Console view.
2. Inthefiletext field, write the name of the text file you want to save the table dataset to.

3. Click Accept. Thetabledataset issaved to file. Moreover, HIPE writesthe corresponding command
to the Console view.

On thecommand line.  Issue the following command in the Console view of HIPE, assuming that
nmy Tabl e isyour table dataset variable and / pat h/ t o/ nyTabl e. t xt isthe full path to the file
you want to export the dataset to:

ascii Tabl eWiter(tabl e=nyTable, file="/path/to/ nyTable.txt")
Example 2.16. Writea tableto an ASCI| file.

For afull list of parameters of the asci i Tabl eW i t er task, see the User's Reference Manual:
Section 1.28 in HCSS User's Reference Manual .

Resulting file.  Thetable dataset shown in Figure 2.13 is saved in the following file:

First, Second, Third
Doubl e, I nt eger, String
Wcm

Power, Lengt h,
1.2,3,0ne

4.3,7, Two

5.5,4, Three

» Datavalues are separated by commas.

72



Saving data as text files Build 15.0.3244

A four-line header is added to the top of the text file. The four lines show the names, data types,

units of measurements and descriptions of each column. In case the unit of measurement or the
description of a column is not set, the corresponding space is left blank, as for the third column
in the example.

No metadataiswrittento thefile. Thecr eat or metadataparameter in Figure 2.13 does not appear
in the output file.

HIPE gives you awarning if you are about to overwrite an existing file.

2.11. Writing a table dataset into a space-sep-
arated-value file

This section shows how to save a table dataset like the one shown in Figure 2.14 to a space-separat-
ed-value text file.

E- myTable x

» Meta Data
narme walle

creatar Marme Surnarme

» Tahle Data

Index First [u] Second [cm] Third
0 1.2 2|0ne
1 4.3 F[Twno
2 5.5 4|Three

Rl

Figure2.14. A simpletable dataset.

In thegraphical interface. Follow these steps:

1

In the Variables view, right click on the variable name corresponding to the table dataset you want
to save, and choose Send to - Text file.

Theasci i Tabl eW it er task dialogue window opensin the Console view.

. Inthefiletext field, write the name of the text file you want to save the table dataset to.

. Inthe Console view, create aformatter with the following command:

formatter = CsvFormatter(delimter=" ')

Example 2.17. Creating a formatter that separates values using a single space char acter.

. Drag the f or mat t er variable from the Variables view to the grey circle next to the formatter

label.

. Click Accept. Thetabledataset issaved to file. Moreover, HIPE writesthe corresponding command

to the Console view.
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2.12

Onthecommand line. Issuethefollowing commandsin the Console view of HIPE, assuming that
ny Tabl e isyour table dataset variable and / pat h/ t o/ nyTabl e. t xt isthe full path to thefile
you want to export the dataset to:

formatter = CsvFormatter(delimter=" ")
ascii Tabl eWiter(tabl e=nyTable, file="/path/to/nyTable.txt', formatter=formatter)

Example 2.18. Creating a space-separ ated formatter and using it towrite atableasan ASCI| file.

For afull list of parameters of the asci i Tabl eW i t er task, see the User's Reference Manual:
Section 1.28 in HCSS User's Reference Manual .

Resulting file.  The table dataset shown in Figure 2.13 is saved in the following file:

Fi rst Second Third
Doubl e I nteger String
Wcem

Power Length

1.2 3 One

4.3 7 Two

5.5 4 Three

» Datavalues are separated by spaces.

» A four-line header is added to the top of the text file. The four lines show the names, data types,
units of measurements and descriptions of each column. In case the unit of measurement or the
description of a column is not set, the corresponding space is left blank, as for the third column
in the example.

* Nometadataiswrittentothefile. Thecr eat or metadataparameter in Figure 2.13 does not appear
in the output file.

e HIPE givesyou awarning if you are about to overwrite an existing file.

Writing a spectrum to an ASCII table file

Usetheexport Spect runlfoAsci i in HCSSUser's Reference Manual task to export a spectrum
from HIPE to atable in atext file. Y ou can use this task on any spectrum implementing the Spec-
t runCont ai ner interface, which in practice means all the main types of spectra used in HIPE.
You can also use this task on spectral cubes, to export one or more spectra extracted from the cube.
See Section 5.2 for more information on spectra in HIPE. See Section 6.2 for more information on
spectral cubesin HIPE.

Warning
O See the warning in Section 2.2 for a known limitation regarding the error column
when using expor t Spect r umToAsci i . Thisisimportant for SPIRE and PACS data.

This section first describes how to use the task from the graphical interface and from the command
line. Then it lists the available customisations.

Thetask isavailable from the Spectrum Toolbox accessed viathe Spectrum Explorer. Thisis probably
the quickest way to access it while you work on your spectra or cubes. You can also open the task
from the Tasks view; the dialogue window is the same, but there are some differences in behaviour
when selecting spectra or spectral segments.

For moreinformation on the Spectrum Explorer, see Section 5.3 for spectraand Section 6.6 for spectral
cubes.

Input spectrum.  The following HIFI spectrum (class Wbs Spect r unDat aset ), made of four
segments, is used as an example of dataset you can export to text file with this task.
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3005 Em) s 00 3|
Upper sideband frequency (GHz)

Figure 2.15. Input spectrum for the exportSpectrumToAscii task.

Running from the spectrum/cubetoolbox.  Follow these steps:

1.

Right click on the spectrum or cube in the Variables view and choose Open with - Spectrum Ex-
plorer.

The spectrum or cube opens in the Spectrum Explorer, in anew tab within the Editor view.

. . 5
In the Spectrum Explorer toolbar, click the toolbox icon « ™.

The toolbox tab appearsin the upper right area.

. From the drop-down list at the top of the toolbox tab, select ExportSpectrumToAsCii.

The task dialogue window appears inside the toolbox tab.

. To save awhole spectrum or cube, drag the corresponding variable from the Variables view to the

grey circle next to the ds parameter. The ds parameter isthe first in the list.
The circle becomes green. If the circle becomes red, the variable is not of the correct type.

» To save just afew segments from a spectrum, see Exporting a selection of segments from the
input spectrum under Customising task output later in this section.

» Tosavejust afew spectrafrom acube, see Exporting a selection of spectra fromtheinput dataset
under Customising task output later in this section.

. Inthefiletext field, write the name of the text file you want to save the selected spectrato.

. Click Accept.

HIPE saves the selected spectra to the specified text file. If you did not specify a full path, HIPE
savesthe filein the directory it was started from.

Running from the Tasksview. Follow these steps:

1

In the Tasks view, open the All folder by double clicking on it. Type the first letters of the ex-
port Spect runmloAsci i task name to jump close to its position in the list. Double click on
the task name. The task will aso appear under Applicableif you have first highlighted a spectrum
dataset in the Variables view.

The task dialogue window opens in the Editor view.

. From the Variables view, drag the variable corresponding to your spectrum or spectral cube to the

gray circle next to the ds input parameter in the task dialogue window. The ds parameter is the
firstinthelist.

The circle becomes green. If the circle becomes red, the variable is not of the correct type.

e To save just a few segments from a spectrum, see Exporting a selection of segments from the
input spectrum under Customising task output later in this section (grep for "Customising").

» Tosavejust afew spectrafrom acube, see Exporting a selection of spectra fromtheinput dataset
under Customising task output later in this section.

. Inthefiletext field, write the name of the text file you want to save the spectrum or cube to.
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4. Click Accept.

HIPE saves the spectrum or cube to the specified text file. If you did not specify afull path, HIPE
saves the filein the directory it was started from.

Running on the command line.  Issue the following commands in the Console view of HIPE,
assuming that my Spect r umisyour spectrum variableand / pat h/ t o/ nySpect rum t xt isthe
full path to the file you want to export the spectrum to:

export Spect rumloAsci i (ds=mySpectrum file="/path/to/ mySpectrumtxt')
Example 2.19. Writing spectrum datato an ASCI| file.
Resulting file. A portion of the resulting file is shown below:

# Meta data {
# type={description="Product Type ldentification",
string="herschel .ia. dataset.Product( ...
# creator={description="Cenerator of this product”, string="SPG v8.2.1"}

usbfrequency_segnil_0, usbfrequency_segn?_0, usbfrequency_segnB8_0,
usbfrequency_segmt_0, fl ux_segnl_0, fl ux_segn?_0, fl ux_segnB8_0, fl ux_segmt_0

Doubl e, Doubl e, Doubl e, Doubl e, Doubl e, Doubl e, Doubl e, Doubl e

GHz, GHz, GHz, GHz, K, K, K, K

Upper sideband frequency, Upper sideband frequency, Upper sideband frequency,
Upper sideband frequency, Ant enna Tenper at ur e, Ant enna Tenper at ur e,
Ant enna Tenper at ure, Ant enna Tenper at ure

499. 256, 500. 2565, 501. 254, 502. 2535, 1. 0687267838317963E- 4, 0. 003435710413794657, NaN,
- 0. 03445117278045858

» The metadata associated with the spectrum are listed at the top of the file. Each metadata element
ison adifferent line, preceded by a# character.

* Following the metadata list are four lines of header with the following information about the data
columns:

» Names

« Datatypes (all Doubl e inthe previous example)

¢ Units (GHz and K in the previous example)

» Descriptions (Upper sideband frequency and Antenna Temper ature in the previous exampl€)

» Datavaluesand itemsin the header are separated by commeas.

Customising task output

Omitting metadata from the output file.
* Inthegraphical interface.  Untick the meta checkbox.

* Onthecommand line. Addthe et a=Fal se parameter to the command:

export Spect runifoAsci i (ds=mySpectrum file="/path/to/ mySpectrumtxt',\
met a=Fal se)

Example 2.20. Writing spectrum data to an ASCI | filewithout including metadata.
Including flagsin the output file.

* Inthegraphical interface. Tick the flags checkbox.
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e Onthecommand line. Addthef| ags=Tr ue parameter to the command:

export Spect runmroAsci i (ds=mySpectrum file="/path/to/ mySpectrumtxt',\
fl ags=Tr ue)

Example 2.21. Writing spectrum data to an ASCI| file, including flags.
Including weightsin the output file.
e Inthegraphical interface.  Tick the weights checkbox.

» Onthecommand line. Addthewei ght s=Tr ue parameter to the command:

export Spect runifoAsci i (ds=nySpectrum file="/path/to/ mySpectrumtxt',\
wei ght s=Tr ue)

Example 2.22. Writing spectrum data to an ASCI|I file, including weights.

Writing data of different segments in the same column.  This option is useful only for HIFI
data. By default, data from different spectral segments are written to separate columns. For instance,
the example spectrum used earlier in this section has four segments, and the resulting file has eight
columns, corresponding to frequency and antenna temperature for each segment.

Y ou can choose to merge the same type of data from each segment into a single column.
* Inthegraphical interface.  Tick the concat checkbox.

e Onthecommand line. Addtheconcat =Tr ue parameter to the command:

export Spect runroAsci i (ds=mySpectrum file="/path/to/ mySpectrumtxt',\
concat =Tr ue)

Example 2.23. Writing spectrum data to an ASCI| file, concatenating the spectral segments.

Exporting a selection of spectra from the input dataset.  You can choose to save to file only a
few spectra from your input dataset, for instance just a few spaxels from a spectral cube.

Whether you run the task from the command line or have opened the dialogue window from the Tasks
view, you must create a variable representing the spectra you want to include, which you will then
input into the task.

« If you opened the task from the Spectrum Explorer (specifically the Spectrum Toolbox) you can
chose to identify the spectra to export using the Spectrum Explorer's standard spectrum selection
method, that is, clicking on the spectrum row or spaxel in the Data Selection panel of the Spectrum
Explorer. See Section 6.6.2 if working with a cube, and Section 5.3.1 otherwise.

* If you opened the task from the Tasks view, or are running from the command line, you need to
create a selection array to identify the indices of the spectra you wish to export. For anything but
cubes thisis simply amatter of typing alist of the spectrum order (0,1,3,5,...) you want:

nySel ection = [5, 12, 24]

For a cube, where spaxel coordinates are more natural (that is, 0,0 rather than 0), you will till need to
identify the spectrum indices that correspond to the spaxels you want, since the task does not accept
spaxel coordinates. Y ou can do this with the Spectrum Explorer:

1. In the Data Selection Panel, click on the spaxels you want to select, if looking at a cube, or the
row, if looking at a non-cube multi-spectrum dataset.

HIPE plots the corresponding spectrain the Spectrum Panel. Make sure only the spectra you want
to select are displayed.
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2. =
Click the = icon in the toolbar.
The DataTree tab opensin the Data Selection Panel. Use thisto identify the indices of the spectra
you have selected; particularly useful if you are working on a cube, since the task does not accept
spaxel coordinates.

3. GototheDataTreetab.The spaxelsyou have sel ected are marked by coloured squares. The numeric
index of each spectrum is shown in the variable column.

4. You can now create the selection array, using the following command in the Console view:
nySel ection = [5, 12, 24]
After creating a selection, follow these steps:

* Inthegraphical interface. Drag the selection array from the Variables view to the grey circle
next to the selection parameter.

* Onthecommand line. Addthesel ecti on parameter to the command, giving your selection
array variable as value:

export Spect runroAsci i (ds=myCube, file="/path/to/nyCube.txt',\
sel ecti on=nySel ecti on)

Example 2.24. Writing spectrum data to an ASCI| file, specifying a selection of spectral indices.

Y ou can aso create the selection array directly, without creating a variable first:

export Spect runroAsci i (ds=myCube, file="'/path/to/nyCube.txt', \
sel ection=[5, 12, 14])

Example 2.25. Writing spectrum datato an ASCI| file, with aliteral array of spectral indices.

3 ‘ And remember that running the task from the spectrum/cube toolbox,

you only need to select spectrain the Data Selection Panel: see links given above.

Exporting a selection of segments from the input spectrum.  Thisoption is useful only for HIFI
data. By default HIPE exports al the segments in a spectrum to the text file. Y ou can choose which
segments to export by passing an array with their indices to the task. Note that cubes, including HIFI
cubes, contain only one segment per spaxel.

If you run the task from the command line or have opened the dialogue window from the Tasks view,
you must create a variable representing the segments you want to include. If you have opened the
task from the Spectrum Explorer you can chose to identify the spectra to export using the spectrum
selection method of the Spectrum Explorer (i.e. click to display): see Section 5.3.1. Y ou can also use
the Spectrum Explorer to determine the indices corresponding to the segments you want to save: in
the Data Selection Panel, the column corresponding to each segment shows the index number. You
can then create the segments array with the following command:

mySegnents = [1, 3]
Then,

* Inthegraphical interface. Drag the segments array from the Variables view to the grey circle
next to the segments parameter.

* Onthecommand line. Addthe segnment s parameter to the command, giving your segments
array variable asvalue:
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export Spect runiroAsci i (ds=mySpect rum
file="/path/to/nySpectrumtxt',\
segnent s=nySegnent s)

Example 2.26. Writing spectrum data to an ASCI| file, specifying a selection of spectral segments.

Y ou can aso create the segments array directly, without creating a variable first:

export Spect runifoAsci i (ds=mySpect rum
file="/path/to/nySpectrumtxt',\
segnents=[1, 3])

Example 2.27. Writing spectrum data to an ASCI| file, specifying aliteral array of spectral segments.

* And if running the task from the Spectrum Explorer,. then your selection is done using the
methodsdescribedin thelink given abovei.e. simply click to display the spectrayou want toinclude.

Changing thedata delimiter. By default, data valuesin the output file are separated by acomma.

To change the data delimiter, first you have to create a formatter, and that is then input into the task.
For example, the following is a formatter that changes the data delimiter to a space:

nyFormatter = CsvFormatter(delimter=" ")
Example 2.28. Creating a space-delimited formatter.

To use another character as delimiter, give it as value of the del i m t er property, surrounded by
single or double quotes.

* Inthegraphical interface. Dragtheformatter variablefromthe Variablesview tothegrey circle
next to the formatter parameter. This will work for the graphical interface accessed via Tasks or
viathe Spectrum Explorer.

* Onthecommand line. Addthef or matt er parameter to the command:

export Spect runiroAsci i (ds=mySpectrum file="/path/to/ mySpectrumtxt',\
formatter=nmyFormatter)

Example 2.29. Writing spectrum data to an ASCI| file, specifying a space-delimited formatter.

2.13. Writing a table dataset to a generic
ASCII table file

Read this section if the type of file you want to write does not correspond to those described in Sec-
tion 2.10, Section 2.11 or Section 2.12.

In thegraphical interface. Follow these steps:

1. Inthe Variablesview, right click on the variable name corresponding to the table dataset you want
to save, and choose Send to - Text file.

Theasci i Tabl eW it er task dialogue window opensin the Console view.
2. Inthefiletext field, write the name of the text file you want to save the table dataset to.
3. Change the other options according to your needs (see Customisation options in this section).

4. Click Accept. Thetabledataset issaved to file. Moreover, HIPE writesthe corresponding command
to the Console view.
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On the command line.  Assuming that my Tabl e is your table dataset variable and / pat h/ t o/
nyTabl e. t xt isthe full path to the file you want to export the dataset to, start with this basic
command in the Console view of HIPE:

ascii Tabl eWiter(tabl e=nyTable, file="/path/to/nyTable.txt")
Example 2.30. Writing a table to disk.

Add options to the command according to your needs (see Customisation options in this section).

Customisation options

* You want to add a header tothefile. See Section 2.19.

* You want to add the table dataset metadata to thefile.  See Section 2.20.

* You want to define a custom prefix to denote commented lines.  See Section 2.21.
* You want to specify how to separate data values. See Section 2.22.

* You want to save the configuration of the task to useit again, or to load a previously saved
configuration.  See Section 2.23.

2.14. Reading column names from a file

Column namesin afilemust be on thefirst line and separated by the same character or set of characters
separating data values. For example, if data values are separated by commas, column names must be
separated by commas as well.

If you are reading a file with a four-line header, as explained in Section 2.6 or Section 2.7, column
names are read automatically. Column names are read also if listed on the first line of the file and
preceded by the # character, as explained in the same sections. In other cases, follow these steps.

Inthe graphical interface. Inthe Advanced tab of theasci i Tabl eReader task dialogue win-
dow, tick the parseNames checkbox to read the column names.

On the command line.  Add the par seNanmes=Tr ue parameter to the asci i Tabl eReader
task command in order to read the column names, as in the following example:

nyTabl e = ascii Tabl eReader (file="nyFile.txt', tableType=' ADVANCED , col umType=18,
par seNanmes=Tr ue)

Example 2.31. Reading a table from afile, specifying the ADVANCED type of tablefor parsing.

Warning
O Thisoption isignored if thet abl eType parameter is set to CSV or SPACES:

In thegraphical interface: Intheasci i Tabl eReader task dialogue window, set
the tableType drop-down list to ADVANCED. In the Advanced tab, set the columnType
parameter to something other than GUESS NONE. See Section 2.16 for more details.

Onthecommandline Addthet abl eType="' ADVANCED parameter totheasci -
i Tabl eReader task command, and the col unmType parameter with an appropriate
value. See Section 2.16 for more details.

2.15. Defining which lines to ignore when
reading afile

80



Saving data as text files Build 15.0.3244

When reading data from atext file you can ignore lines, or portion of lines, in three ways:
* Ignoring a certain number of lines at the beginning of thefile.
* Ignoring lines beginning with a certain character, or set of characters.

* Ignoring white space at the beginning and end of each line.

Ignoring lines at the beginning of the file

Inthegraphical interface. Inthe Advanced tab of theasci i Tabl eReader task dialogue win-
dow, enter the number of linesto beignored inthe par ser Ski p text field.

Onthecommandline. Addthepar ser Ski p parameter totheasci i Tabl eReader task com-
mand, as in the following example:

nyTabl e = ascii Tabl eReader (file="nyFile.txt', tableType=' ADVANCED , col ummType=18,
par ser Ski p=3)

Example 2.32. Reading a table from afile, specifying the ADVANCED tabletypefor parsing and skipping
header lines.

Warning
O Thisoptionisignored if thet abl eType parameter is set to CSV or SPACES:

In the graphical interface:  Intheasci i Tabl eReader task dialogue window, set
the tableType drop-down list to ADVANCED. In the Advanced tab, set the columnType
parameter to something other than GUESS NONE. See Section 2.16 for more details.

Onthecommandline Addthet abl eType="' ADVANCED parameter totheasci -
i Tabl eReader task command, and the col unmType parameter with an appropriate
value. See Section 2.16 for more details.

Ignoring lines beginning with a certain character, or
set of characters.

Inthegraphical interface. Inthe Advanced tab of theasci i Tabl eReader task dialogue win-
dow, choose one option from the ignorePattern drop-down list, or enter your own characters in the
text field.

Hover your mouse pointer on each of the optionsin the command line to see atooltip explaining what
it does. The three available options ignore lines beginning with #, empty lines or both.

If you want to ignore lines beginning by / / , for example, enter / / in the ignorePattern text field.
If you want HIPE to write awarning each timeit ignores aline, set the ignoreWarn parameter to True.

Onthecommand line. Addthei gnor ePatt er n parameter totheasci i Tabl eReader task
command, asin the following example:

nyTabl e = ascii Tabl eReader (file="nyFile.txt', tableType=' ADVANCED , col umType=18,
ignorePattern="//")

Example 2.33. Reading a table from an ASCII file, with ADVANCED type and character ignore options
for the parser.

The previous command causes HIPE to ignore al lines beginning with / / when reading the file.

If you want HIPE to write awarning each timeit ignoresaline, add thei gnor eWar n=Tr ue to the
asci i Tabl eReader task command.
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Warning
O Thisoption isignored if thet abl eType parameter is set to CSV or SPACES:

In thegraphical interface: Intheasci i Tabl eReader task dialogue window, set
the tableType drop-down list to ADVANCED. In the Advanced tab, set the columnType
parameter to something other than GUESS NONE. See Section 2.16 for more details.

Onthecommandline: Addthet abl eType=" ADVANCED parameter totheasci -
i Tabl eReader task command, and the col uimType parameter with an appropriate
value. See Section 2.16 for more details.

Ignoring white space at the beginning and end of each
line.

This option is useful when the data values are separated by spaces, and additional spaces at the begin-
ning and end of lines could confuse HIPE. To do this, you should specify ani gnor ePat t er n (see
above) that removes or ignores whitespaces.

nyTabl e = ascii Tabl eReader (file="nyFile.txt', tableType=' ADVANCED , col umType=18,
i gnorePattern='""\s*")

Example 2.34. Reading atablefrom an ASCI| file, with ADVANCED typeand an ignor e pattern that trims
spaces at the beginning.

Warning
O Thisoption isignored if thet abl eType parameter is set to CSV or SPACES:

Inthe graphical interface:  Intheasci i Tabl eReader task dialogue window, set
the tableType drop-down list to ADVANCED. In the Advanced tab, set the columnType
parameter to something other than GUESS NONE. See Section 2.16 for more details.

Onthecommandline: Addthet abl eType="' ADVANCED parametertotheasci -
i Tabl eReader task command, and the col utmType parameter with an appropriate
value. See Section 2.16 for more details.

2.16. Specifying the data types when reading
a file

You can let HIPE guess the types of data values in afile, you can specify a single data type or you
can specify multiple data types via a table template.

In the graphical interface. Make the following changes in the Advanced tab of the asci -
i Tabl eReader task dialogue window.

e Tolet HIPE guessthe datatypes. From the columnType drop-down list choose GUESS TRY
(HIPE guess based on the first 100 lines of the file) or GUESS ALL (HIPE guess based on the
wholefile).

» Toselect asingle type for all data values:  From the columnType drop-down list choose AL-
L_STRING, ALL_BOOLEAN or one of the other similar options.

» Todefineadifferent datavaluefor each column of thefile:  From the columnType drop-down
list choose GUESS NONE. Create a table template as described in Section 2.25. Drag the variable
representing the template from the Variables view to the grey circle next to the template label.

On the command line.  Make the following changes to the command calling the asci -
i Tabl eReader task. Notethat you havetoissuethecommandf romher schel . i a.i 0. asci i
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i mport Ascii Parser (oncefor each HIPE session is enough) for the asci i Tabl eReader
call to work.

» Tolet HIPE guessthedatatypes. Setthecol umType parameter to AsciiParser .GUESS TRY
(HIPE guess based on thefirst 100 lines of thefile) or AsciiParser. GUESS ALL (HIPE guess based
on thewholefile), asin the following example:

from herschel .ia.io.ascii inport AsciiParser
nmyTabl e = ascii Tabl eReader (file="nmyFile.txt', tableType=" ADVANCED
col umType=Asci i Parser. GUESS_ALL)

Example 2.35. Reading atable from an ASCI| file, with ADVANCED type and guessing all valuetypes.

» Tosdect asingletypefor all datavalues: Setthecol urmType parameter to AsciiParser.AL-
L_BOOLEAN, AsciiParser. ALL_BYTE or one of the other similar options, as in the following ex-
ample:

from herschel .ia.io.ascii inmport AsciiParser
nyTabl e = ascii Tabl eReader (file="nyFile.txt', tableType=" ADVANCED
col umType=Asci i Parser. ALL_DOUBLE)

Example 2.36. Reading a table from an ASCII file, with ADVANCED type and parsing all values as
doubles.

» To define a different data value for each column of thefile:  Create a table template as de-
scribed in Section 2.25. Assuming that my Tabl eTenpl at e isthevariable representing your tem-
plate, add the t enpl at e=nyTabl eTenpl at e parameter to the asci i Tabl eReader task
command, as in the following example:

nmyTabl e = ascii Tabl eReader (file="nyFile.txt', tableType=" ADVANCED
t enpl at e=nyTabl eTenpl at e)

Example 2.37. Reading atablefrom an ASCI| file, with ADVANCED typeand a custom tabletemplate.

Warning
o Thisoption isignored if thet abl eType parameter is set to CSV or SPACES:

In thegraphical interface: Intheasci i Tabl eReader task dialogue window, set
the tableType drop-down list to ADVANCED.

Onthecommandline. Addthet abl eType=" ADVANCED parameter totheasci -
i Tabl eReader task command.

2.17. Specifying how data values are separat-
ed when reading a file

Data values in the ASCII table file you are trying to read could be separated by commas, spaces or
other characters. Columns could have fixed or variable width. You can tell HIPE in detail how your
data values are separated.

In thegraphical interface. Inthe Advanced tab of theasci i Tabl eReader task dialogue win-
dow, set the delimiter parameter to the characters separating data values in your file. You can write
them directly in the text field or choose one of the available options:

e Comma. Datavaluesare separated by a single comma.
» \st. Datavalues are separated by one or more spaces.

» \t+. Datavalues are separated by one or more tab characters.
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If your data values are organised in fixed-width columns, or are separated in more complicated ways
you cannot express with the delimiter parameter, you can create aparser as described in Section 2.26.
Then drag the variable representing your parser from the Variables view to the grey circle next to the
parser parameter in the Advanced tab of theasci i Tabl eReader task dialogue window.

On thecommand line. Addthedel i m t er parameter totheasci i Tabl eReader task com-
mand, as shown in the following example:

nyTabl e = ascii Tabl eReader (file="/path/to/nyFile.txt', tableType='" ADVANCED ,
col umType=18, delimter=" ")

Example 2.38. Reading atablefrom an ASCI| file, with ADVANCED typeand assuming 18 char acter-wide
columns and space separators.

If your data values are organised in fixed-width columns, or are separated in more complicated ways
you cannot express with the del i mi t er parameter, you can create a parser as described in Sec-
tion 2.26. Assuming that my Par ser isthe name of the parser you have created, add it to theasci -

i Tabl eReader task command, as shown in the following example:

nmyTabl e = ascii Tabl eReader (file="/path/to/nyFile.txt', tableType=" ADVANCED ,
col umType=18, parser=nyPar ser)

Example2.39. Readingatablefrom an ASCI| file, with ADVANCED typeand providing afully customised
parser.

Warning

O Thisoption isignored if thet abl eType parameter is set to CSV or SPACES:

In the graphical interface: Intheasci i Tabl eReader task dialogue window, set
the tableType drop-down list to ADVANCED. In the Advanced tab, set the columnType
parameter to something other than GUESS NONE. See Section 2.16 for more details.
Onthecommandline: Addthet abl eType=" ADVANCED parameter totheasci -

i Tabl eReader task command, and the col utmType parameter with an appropriate
value. See Section 2.16 for more details.

2.18. Saving and loading a configuration for
reading from file

Y ou can save al the configuration options you set when reading a file, so that you can load them in
one step when loading other files with the same formatting.

Saving a configuration file

Follow these instructions to save a configuration file when you read an ASCI|I tablefile.

Inthegraphical interface. Inthe Advanced tab of theasci i Tabl eReader task dialogue win-
dow, writeafile nameinthewriteConfigFiletext field, optionally with afull path. Alternatively, click
the folder icon to the right of the text field to navigate to the directory where you want to save thefile.

On the command line.  Assuming that myConfi g. conf is the name you want to give to
your configuration file, add thewr i t eConf i gFi | e=myConfi g. conf parameter totheasci -
i Tabl eReader task command, asin the following example:

nmyTabl e = ascii Tabl eReader (file="nyFile.txt', tableType=" ADVANCED ,
wri teConfi gFil e=' nyConfig.conf')

Example 2.40. Reading atablefrom an ASCI | filewhilewriting the parsing configuration toafilefor reuse.
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Y ou can specify afull path instead of just the file name.

The configuration fileisin binary format and cannot be modified with atext editor. Y ou can leave the
file name without extension or give it any extension you like, such as. conf .

If you specify the file name without a path, the file is saved in the directory from where HIPE was
started. For ease of retrieval you should always specify afull path.

Warning
o Thisoption isignored if thet abl eType parameter is set to CSV or SPACES:

Inthe graphical interface:  Intheasci i Tabl eReader task dialogue window, set
the tableType drop-down list to ADVANCED. In the Advanced tab, set the columnType
parameter to something other than GUESS NONE. See Section 2.16 for more details.

Onthecommandline: Addthet abl eType=" ADVANCED parametertotheasci -
i Tabl eReader task command, and the col utmType parameter with an appropriate
value. See Section 2.16 for more details.

Loading a configuration file

Follow these instructions to use the options in a configuration file when reading an ASCI| tablefile.

Inthegraphical interface. Inthe Advanced tab of theasci i Tabl eReader task dialogue win-
dow, write the configuration file path and name in the readConfigFile text field. Alternatively, click
the folder icon to the right of the text field to navigate to the file.

Onthecommandline. Assumingthat/ pat h/ t o/ nyConfi g. conf isthefull path and name of

your configuration file, add the wr i t eConf i gFi | e=/ pat h/ t o/ myConfi g. conf parameter
totheasci i Tabl eReader task command, asin the following example:

nmyTabl e = ascii Tabl eReader (file="nyFile.txt', tableType=" ADVANCED ,
readConfi gFi |l e='/path/to/ myConfig.conf')

Example 2.41. Reading a table from an ASCI| file, specifying a parsing configuration file.

Adding a header to an ASCII table file

In the graphical interface. Intheascii Tabl eWiter task dialogue window, set the write-
Header parameter to True.

2.19

On thecommand line.  Adding a header is the default, so you do not need to add anything to the
ascii Tabl eW it er task command. To add no header, add thewr i t eHeader =Fal se param-
eter totheasci i Tabl eW i t er task command, asin the following example:

ascii Tabl eWiter(tabl e=nyTable, file='"/path/to/nyFile.txt', witeHeader=Fal se)

Example 2.42. Writing atableto an ASCI| filewithout a header.

2.20. Adding table dataset metadata to an
ASCII table file

Inthegraphical interface. Intheascii Tabl eWi t er task dialoguewindow, setthewriteMeta-
data parameter to True.

Onthecommandline. Addthewr it eMet adat a=Tr ue parametertotheasci i Tabl eWit -
er task command, asin the following example:
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ascii Tabl eWiter(tabl e=nyTable, file="/path/to/nyFile.txt', witeMetadata=True)
Example 2.43. Writing atableto an ASCI| fileincluding metadata.

Metadata are written to the ASCI| table file as commented lines. Commented lines begin by default
with the # character. To define a custom character, or series of characters, see Section 2.21.

2.21. Defining a custom prefix for commented
lines

Commented lines contain information that can be read by humans but is ignored by HIPE or other
software when reading back the ASCII table file. For example, if you write to file the metadata of a
table dataset, as described in Section 2.20, these are written as comments.

The default character defining commented linesis#. You may want to define a different one if you
want to read your ASCI| table file with software other than HIPE, following different conventions.

In the graphical interface. Intheascii Tabl eWi ter task dialogue window, write the new
character, or series of characters, in the metadataPrefix text field.

Onthecommandline. Addthenet adat aPr ef i x parameter totheasci i Tabl eW i t er task

command, with the prefix character of series of characters. In the following example the prefix for
commented linesis redefined as/ / :

ascii Tabl eWiter(tabl e=nyTable, file="/path/to/nyFile.txt', \
writ eMet adat a=True, netadataPrefix="//")

Example 2.44. Writing atableto an ASCI| fileincluding metadata with a custom pr efix.

2.22

Choosing how to separate data values

By default, datavaluesin ASCII table fileswritten withtheasci i Tabl eW i t er are separated by
commas. Y ou can define a different character to separate data values, or you can define afixed width
for the data columns in the file. In case of fixed-width columns, data values are always separated by
spaces.

In the graphical interface. Create a formatter as described in Section 2.27. Drag the variables
representing the formatter from the Variables view to the grey circle next to the formatter label in the
asci i Tabl eW it er task graphica interface.

On the command line.  Create a formatter as described in Section 2.27. Add the for mat t er
parameter to the asci i Tabl eW i t er task command. In the following example, nyFor mat t er
is the variable corresponding to the formatter:

ascii Tabl eWiter(tabl e=nyTable, file="/path/to/nyFile.txt', formatter=nyFormatter)

Example 2.45. Writing atableto an ASCI| filewith a custom formatter.

Warning
O If you set any of the parameters affecting the formatter, such as writeHeader, these will
override whatever is specified in the formatter.

2.23. Saving and loading options for writing
to file
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You can save al the configuration options you set when writing afile, so that you can load them in
one step when writing other files with the same formatting.

Saving a configuration file

Follow these instructions to save a configuration file when you write an ASCI| tablefile.

Inthegraphical interface. Intheascii Tabl eWi t er task dialogue window, write afile name
in the writeConfigFile text field, optionally with afull path. Alternatively, click the folder icon to the
right of the text field to navigate to the directory where you want to save thefile.

On the command line.  Assuming that myConf i g. conf isthe name you want to give to your
configuration file, add the wri t eConfi gFi | e=' nyConfi g. conf' parameter to the asci -
i Tabl eWi t er task command, asin the following example:

ascii Tabl eWiter(tabl e=nyTable, file="nyFile.txt', witeConfigFile=" nyConfig.conf")
Example 2.46. Writing atableto an ASCI| file saving the writing configuration to another file.
Y ou can specify afull path instead of just the file name.

The configuration fileisin binary format and cannot be modified with atext editor. Y ou can leave the
file name without extension or give it any extension you like, such as. conf .

If you specify the file name without a path, the file is saved in the directory from where HIPE was
started. For ease of retrieval you should always specify afull path.

Loading a configuration file

2.24

Follow these instructions to use the options in a configuration file when reading an ASCI| tablefile.

Inthegraphical interface. Intheascii Tabl eWi t er task dialogue window, write the config-
uration file path and name in the readConfigFile text field. Alternatively, click the folder icon to the
right of the text field to navigate to the file.

Onthecommandline. Assumingthat/ pat h/ t o/ nyConfi g. conf isthefull path and name of
your configuration file, add ther eadConf i gFi | e='/ pat h/t o/ myConfi g. conf' parameter
totheasci i Tabl eWi t er task command, asin the following example:

nyTabl e = ascii TableWiter(table = nyTable, file="nyFile.txt', readConfigFile="/
pat h/t o/ myConfi g. conf')

Example 2.47. Writing atableto an ASCI| file, specifying a previously-saved writing configuration file.

Parsers, formatters and templates

Parsers, formatters and templates are three tools you use to write data to text files and read data back
from text files:

» Parsers. A parser definesrulesto read atext file into HIPE. See Section 2.26 for the available
types of parser, their features and how to configure them.

» Formatters. A formatter definesrulesto write data from HIPE into atext file. See Section 2.27
for the available types of formatter, their features and how to configure them.

e Tabletemplates. A tabletemplate describes the datato be read from, or written to, atext file. It
defines the number of columns in the file, their name, the type and description of the data. While
the parser defines general formatting rules, such as the character used to separate data values, the
table template describes the data themselves. See Section 2.25 for how to create and configure a
table template.
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2.25. Creating and configuring table tem-
plates

A table template describes the number of columnsin atext file, their titles, and the types, units and
descriptions of the data they contain.

Creating atabletemplate. To create a table template you have to specify at least the number of
columnsin the table. The following example creates a table template with three columns:

nmyTabl eTenpl at e = Tabl eTenpl at e( 3)
Example 2.48. Creating a TableTemplate with 3 columns.

Customising a tabletemplate.  The following example shows how to customise a table template
by providing column names and data types, units and descriptions. In each case you provide alist with
the same number of elements as the number of columnsin the table.

# Setting colum nanes

nyTabl eTenpl at e. nanes = ["Frequency", "Flux", "Error"]

# Setting data types

nyTabl eTenpl ate. types = ["Doubl e", "Double", "Double"]

# Setting data units

nyTabl eTenpl ate.units = ["GHz", "mly", "mly"]

# Setting data descriptions

nmyTabl eTenpl at e. descri ptions = ["Spectrum frequency", \
"Spectrum flux", "Error on flux"]

Example 2.49. Customising a TableT emplate with column names, types, units and descriptions.
Y ou can leave some of the values blank by passing empty strings.

nmyTabl eTenpl at e. descri ptions = ["Spectrum frequency", "", ""]

Example 2.50. Setting column descriptionsfor a partial set of columns.

Note that no check is done on the data types and units you provide. If you input an invalid name, you
will likely encounter problems when reading data into HIPE using the table template, or when using
the imported data.

* For data types, use one of the following: Bool ean, Byt e, Short, | nt eger, Long, Fl oat ,
Doubl e or St ri ng. For moreinformation on these variable types and their ranges, see the Script-
ing Guide: Section 1.5.2 in Scripting Guide.

* For data units, use a name or abbreviation that HIPE can recognise. Y ou can check whether HIPE
recognises a unit name like this:

from herschel . share.unit inport *

myUnit = Unit. parse("eV")

print myUnit.isKnown()

Example 2.51. Creating a unit variable and checkingif it isbuilt in the system.s
If theresult is Fal se, HIPE cannot recognise the unit.

For moreinformation on measurement units, seethe Scripting Guide: Section 2.6 in Scripting Guide.

Creating and configuring atabletemplatein onestep. You can also create and configure atable
template in a single step, as shown by the following example:

tenpl ate = Tabl eTenpl ate(3, \
nanes ["Frequency", "Flux", "Error"], \
types [" Doubl e", "Double", "Double"], \
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units = ["GHz", "mly", "mly"], \
descriptions = ["Spectrum frequency", \
"Spectrum flux", "Error on flux"])

Example 2.52. Creating and customising a TableTemplate in one step.

You can include al the additional parameters (nanes, t ypes and so on) or just some of them.

2.26. Creating and configuring parsers for
reading in data

A parser describes how each line of an ASCII file is broken up into table cell data, as well as which
lines are ignored altogether. Y ou use a parser only for reading an ASCII file into a table dataset, not
for writing a table dataset to file. With a parser you can customise the following:

» How data values are separated in the file: what characters act as data delimiters, and whether data
columns have fixed width or not.

* Whether to ignore lines beginning with a certain character or series of characters. These lines are
said to be commented out.

» Whether to skip a number of lines at the beginning of thefile.
» Whether to ignore white space at the beginning and end of each line.

Defining how data values are separated.  There are three main cases, each corresponding to a
different type of parser: CsvPar ser , Fi xedW dt hPar ser and RegexPar ser .

» Datavaluesare separated by a single character.  Create your parser like in the following ex-
ample, where the delimiter character isacomma:

myParser = CsvParser(delimter=",")
Example 2.53. Creating a comma-separated CSV parser.

If the same character used as data separator also appears as part of some data value, HIPE will
mistakenly interpret it as two data values. For example, if the data separator is acomma and a data
valueis 35, 7, HIPE will interpret it astwo datavalues, 35 and 7. Y ou can surround the data value
with double quotes, asin" 35, 7", to tell HIPE to interpret it as asingle value. To use a different
character to "quote" datavalues, add the quot e parameter:

nyParser = CsvParser(delimter='","', quote='$')
Example 2.54. Creating a CSV parser with adollar sign for quoting values.
In this case a quoted data value would look like $35, 73$.

» Data values are organised in fixed-width columns.  Create your parser like in the following
example, which defines three columns of three, seven and five characters:

myPar ser = Fi xedW dt hPar ser (si zes=[3, 7, 5])
Example 2.55. Creating a parser that specifiesthe widths of the columns.

» Datavaluesare separated by morethan one character, and column sizesarenot fixed. Cre-
ate your parser like in the following example:

myPar ser = RegexParser(delimter="\s+")

Example 2.56. Creating a parser based on aregular expression.
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Thevalueof thedel i mi t er parameter isaregular expression. Regular expressions are a power-
ful way to describe complicated patterns of characters. You can find more information on regular
expressionsin Section 2.28. Here are a couple of examples:

e Theexpression\ s+ means "one or more spaces'.
e Theexpression\ t + means "one or more tab characters”.

Defining the prefix used for commented lines.  The default prefix for commented linesis#. To
change it, create a parser with thei gnor e parameter defined. The following example defines/ / as
prefix for commented lines:

myPar ser = CsvParser (ignore='//")
Example 2.57. Creating a CSV parser that ignoresline starting with a specific string.
This parameter is accepted by CsvPar ser , Fi xedW dt hPar ser and RegexPar ser .

Defining the number of linesto ignore at the beginning of thefile.  This option is useful if the
file has a header with information you want HIPE to ignore. To define the number of linesto ignore,
create a parser with the ski p parameter defined. The following parser will ignore the first five lines
of thefileit reads:

nmyPar ser = Fi xedW dt hPar ser (si zes=[7, 9], skip=5)
Example 2.58. Creating a fixed width parser that skipsa number of header lines.
This parameter is accepted by CsvPar ser , Fi xedW dt hPar ser and RegexPar ser .

Defining whether to ignore white space at the beginning and end of lines.  This option is useful
when datavalues are separated by spaces, and additional spaces at the beginning and end of lines could
confuse the parser. Create a parser with thet r i m=Tr ue parameter:

nmyPar ser = RegexParser(delimter="\s+ , trinrTrue)
Example 2.59. Create a parser based on aregular expression that trimsthelines of thefile.

This parameter is accepted by CsvPar ser , Fi xedW dt hPar ser and RegexPar ser .

2.27. Creating and configuring formatters for
writing data

A table formatter controls how a table dataset is written to an ASCII file. With atable formatter you
can customise the following:

» The character separating data values from each other.
» Whether columnsin the file have avariable or fixed width.

» Whether to add a four-line header to the top of the file, with information on column names, data
types, units and descriptions.

» Whether to add commented lines with the metadata of the table dataset.
» What character, or series of characters, to use for marking commented lines.

Definingthecharacter separatingdatavalues.  Creating aformatter likeinthefollowing example:
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nyFormatter = CsvFormatter(delimter ="' ')
Example 2.60. Creating a CSV formatter that specifies a space character asa delimiter.

The previous exampl e defines a single space as the character separating datavalues (thedel i mi t er
parameter). Note that you cannot specify more than one character. If you create a formatter without
setting thedel i m t er parameter, acommais used as default separating character:

nmyFormatter = CsvFormatter ()

Example 2.61. Creating a CSV formatter with the default options.

Tip
@ To define atab character as delimiter, use the following syntax

myFormatter = CsvFormatter(delimter="\t")

Example 2.62. Creating a CSV formatter that usesatab asadelimiter.

Defining whether columns have fixed with.  To define columns with a fixed with you can create
aFi xedW dt hFor mat t er instead of the CsvFor nat t er used in the previous example:

nyFormatter = Fi xedW dthFormatter(sizes=[4,7,12])

Example 2.63. Creating a fixed width formatter.

The previous example defines three columns with a width of four, seven and twelve characters, re-
spectively.

When columns are of fixed width, data values are always separated by spaces. To define columns of
variable width, create aCsvFor mat t er instead of aFi xedW dt hFormat t er.

Adding a four-line header to thefile.  The four lines show the names, data types, units of mea-
surements and descriptions of each column. In case the unit of measurement or the description of
a column is not set, the corresponding space is left blank. Create the formatter with the parameter
header =Tr ue:

myFormatter = CsvFor matter (header =True)
Example 2.64. Creating a CSV formatter that includes a header.
This parameter is accepted by CsvFor mat t er and Fi xedW dt hFor natter.

Adding commented lines with table dataset metadata.  Create the formatter with the parameter
coment ed=Tr ue:

nyFormatter = Fi xedW dt hFor mat t er (comment ed=Tr ue)
Example 2.65. Creating a fixed width formatter with commented metadata.
This parameter is accepted by CsvFor mat t er and Fi xedW dt hFor matter.

Defining the prefix used for commented lines.  The default prefix for commented linesis #. To
change it, create a formatter with the comment Pr ef i x parameter defined. The following example
defines/ / as prefix for commented lines:

nyFormatter = CsvFormatter(comentPrefix="//")
Example 2.66. Creating a CSV formatter with a custom comment pr efix.

This parameter is accepted by CsvFor mat t er and Fi xedW dt hFor matter.
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2.28

Examples. The following examples combine all the features described in this section.

Define a formatter for writing a file with a four-line header, data values separated by spaces and
metadata on commented lines prefixed by $$$:

nmyFormatter = CsvFormatter (header=True, delimter=" "', conmented=True,

comment Prefix='$$$ ')

Example 2.67. Creating a CSV formatter that includesa header, delimited with spacesand with comments
with a custom prefix.

Define aformatter for writing afile with afour-line header and four columns of five, seven, five and
ten characters of width:

nmyFor mat t er Fi xedW dt hFor mat t er (header =True, si zes=[5, 7,5, 10])

Example 2.68. Creating a fixed width formatter.

Regular expressions

A regular expression is a concise and flexible means to match strings of text, such as particular char-
acters or patterns of characters. Regular expressions are used to specify which lines of afile to skip,
as discussed in Section 2.15, and with the RegexPar ser for specifying the delimiter between data
fields (for example, to specify multiple spaces or tabs).

A detailed treatment of regular expressions is beyond the scope of this manual. The following table
gives some examples to cover the cases you are most likely to need.

Table 2.1. Regular expressions.

Expression Description

\'s Matches one whitespace character.

\d Matches adigit.

\'w Matches an alphanumeric character, or an underscore character.

[ a-z] Matches alowercase | etter.

[ *x] Matches any character except x. For example, [ *\ d] matches anything except a
digit.

X? Matches zero or one occurrence of x.

X* Matches zero or more occurrences of x.

X+ Matches one or more occurrences of X.

x{ n} Matches exactly n occurrences of x.

x{n,} Matches at least n occurrences of X.

x{n, m Matches at least n but no more than moccurrences of x.

NX Matches x at the beginning of a string.

x$ Matches x at the end of astring.

[ OR operator. For example, \ d| \ s matches adigit or awhitespace character.

If you want to match a character that has a special meaning in regular expressions, put a backslash
beforeit. For example, \ $ represents adollar character, not the end of a string.

The following example shows some practical applications:
# Matches a line starting with one or nore spaces foll owed by three hash characters.

M s+#{ 3}
# Matches two uppercase |letters separated by a comma.
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[AZ],[AZ]

# Matches a colon followed by three or nore characters different froma digit.
S[MdI{3,}

# Matches a conpletely enpty line, filled at npst with whitespace characters.
MNs*$

# Matches an enpty line, or a line starting with zero or nore spaces

# followed by a hash character.

M S| M s*#
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Chapter 3. Plotting
3.1. Getting started

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

Figure 3.1 summarises the main features of the plot packages. Additional features not shown in this
image are, for example, plotting histograms and using custom axis types (logarithmic, right ascension
and declination, and so on).

Customisable tick marks
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Figure 3.1. Some of the features of HIPE plots. If you arereading the HTML version of thismanual, click
on any of thebluelabelsto jump straight to therelevant section.

See Section 3.30 for the script used to generate this plot.

3.2. Creating a plot

Creating plotsis done mainly from the command line in the Console view or via scripts in the Editor
view. Datafor plotsmust be of typeNuner i c1d , whichincludesone-dimensional arrays of numbers
of any type (1 nt 1d , Fl oat 1d or Doubl eld ). The following two lines create two input arrays,
containing the x and y coordinates of the data points to be plotted:

X
y

Doubl eld. range(11) # Creates array with values from0.0 to 10.0
X* X

Example 3.1. Creating a double array and populating with a range of values.

Of courseinreal casesyou will mostly use arrayswith datafrom your observationsrather than creating
them from scratch.

The following example creates an empty plot and adds a layer of data. Each set of data in a plot
corresponds to alayer.
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nmyPl ot = Pl ot XY()
nmyLayer = Layer XY(X,Y)
nyPl ot . addLayer (myLayer)

Example 3.2. Creating a plot and adding layersto it in two steps.

Y ou can aso create the plot and the layer in one step:
nmyPl ot = Pl ot XY(Xx, V)

Example 3.3. Creating a plot and adding a layer to it in one step.

Warning
O For performance reasons, plots do not keep a copy of the data used to generatethem. This
means that you should not change the values after adding them to a plot. Otherwise, when
the plot updates for any reason, for example due to a change of the window size, the plot
will be corrupted.

The plot engine uses separate threads of execution to prevent HIPE from becoming unre-
sponsive when large data sets are plotted. This meansthat, when a Jython script isrunning
in batch mode, the rendering of the plot may finish after all or part of the script has run.

Resizing the plot.  You can resize the window with the mouse or you can specify the desired
window size once you have added layersto the plot. In the following example, theplot nyPl ot is
resized to awidth of 400 pixels and a height of 300 pixels:

myPl ot . wi dth = 400
myPl ot . hei ght = 300

Example 3.4. Setting the dimensions of the plot.

Tip
@ Why does my plot become huge after | add alayer?  This happens when you create
an empty plot and specify thewi dt h and hei ght parameters without setting the au-
t oAdj ust W ndowsSi ze property to 0, for example by issuing:
pl ot = Pl ot XY(w dt h=600, hei ght =400)
Example 3.5. Creating a plot with initial dimensions.
instead of :

pl ot = Pl ot XY(w dt h=600, hei ght =400, aut oAdj ust W ndowSi ze=0)

Example 3.6. Creating a plot with initial dimensions and auto-adjust.

To avoid this problem, change the plot size only after having added all the layers.

3.3. Customising title and subtitle

Change the plot title and subtitle asin the following example:

nyPlot.titl eText = "Exanple plot"
nyPl ot . subtitl eText = "Exanple subtitle"

Example 3.7. Setting title and subtitletext in a plot.
If you don't want to have plot title and subtitle you can switch them off:

nmyPlot.title.visible =0
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myPl ot . subtitle.visible = 0

Example 3.8. Setting the visibility for a plot'stitle and subtitle.

Set these values to anything other than zero to switch title and subtitle back on.

About theLabel and Ti t | e classes
@ There are multiple levels of a plot that can have alabel or title, so it isimportant to dis-

tinguish between:

» Plottitle and subtitle, both implemented inclassPl ot Ti t | e.

* Note that instances of SubPl ot don't havetitle nor subtitle.

» Layer name, displayed in thelegend, isafield of classLayer XY.

» Axis labels or titles, implemented in class Axi sTi t | e to avoid confusion with axis
tick labels (below).

» Axistick labels, implemented in class Axi sTi ckLabel .

* Other plot labels, which are called Annotations throughout the documentation and code,
so they should not be confused with any other type of labdl or title.

Methods. Thetitle of aplot is modelled by the Pl ot Ti t | e class. For more information see the
developer's documentation for PlotTitle .

Procedure 3.1. Useful methodsof the Pl ot Ti t | e class. See Section 3.29 for the conventions used in this
table.

1.

set Text (String text )

# Java style

nyTitle. setText ("A title")
# Jython style
nyTitle.text = "Atitle"

Example 3.9. Setsthetext to be displayed.
set Hal i gn( PConponent Engi ne. HAl'i gn hAlign )

from herschel .ia.gui.plot inport PlotTitle
# Java style
nyTitle.setHalign(PlotTitle.LEFT)

# Jython style

nyTitle. halign = PlotTitle. LEFT

Example 3.10. Setsthe horizontal alignment. Possible valuesare LEFT, CENTER and RIGHT.
set Val i gn( PConponent Engi ne. VAl ign vAlign )

from herschel .ia.gui.plot inport PlotTitle
# Java style
nyTitle.setValign(PlotTitle. M DDLE)

# Jython style

nyTitle.valign = PlotTitle. M DDLE

Example 3.11. Setsthe vertical alignment. Possible valuesare MIDDLE, TOP and BOTTOM.
setPosition (PlotTitl eEngi ne. Position position)

from herschel .ia.gui.plot inport PlotTitle
# Java style
nyTitle.setPosition(PlotTitle. BOTTOVLEFT)
# Jython style
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nyTitle.position = PlotTitle. BOTTOMLEFT
Example 3.12. Sets the position of the title. Possible values are BOTTOMCENTER, BOTTOM-
LEFT, BOTTOMRIGHT, TOPCENTER, TOPLEFT, TOPRIGHT and CUSTOMIZED. If set to
CUSTOMIZED, thetitle position is controlled by theset Locat i on method.

5. setlLocation(double x , double vy )

nyTitle.setlLocation(5.5, 12.0)

Example 3.13. Sets the x and y location of the title, automatically switching the position to CUS
TOMIZED.

6. setX(double x )

# Java style
nyTitle.setX(12.5)
# Jython style
nyTitle.x = 12.5

Example 3.14. Setsthe x position of thetitle.

7. setXy(double[] xy )

# Java style

nyTitle. setXy([12.5, 7.0])
# Jython style

nyTitle.xy = [12.5, 7.0]

Example 3.15. Setsthex and y position of thetitle. Equivalent toset Locati on .

Note

@ Theset VAl i gn method sets the position of thetitle within thetitlearea , not within the
entire plot. In other words, set VAl i gn( Pl ot Ti t | e. BOTTOM will not put thetitle
at the bottom of the plot. To achieve that effect use the set Posi t i on method.

3.4. Managing layers

Y ou can create and add other layers on top of thefirst one:

# Create the dataset

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

yl = x1**3.0

# Create and add the | ayer

myLayer2 = Layer XY(x1, y1)

myPl ot . addLayer ( nyLayer 2)

Example 3.16. How to create an additional layer in a plot.

The axis ranges are adjusted automatically and the new layer is given a different colour.
Accessing layers. Y ou can access the layers of a plot as you would with the elements of an array:
firstLayer = nyPlot[O0]

Renaming layers.  Use the following command:

myLayer . name = "New nane"

Removing layers. Toremove one, some or all layers from aplot do the following:

nmyPl ot . renovelLayer (0) # Renove the first |ayer
nmyPl ot . renovelLayers([0, 1]) # Renove the first and second | ayer
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myPl ot . cl ear Layers() # Renove all |ayers

Methods.  Some of the methods that work on layers are listed in the tables below. For moreinfor-
mation see the devel oper's documentation for the LayerXY class.

Procedure 3.2. Miscellaneous setters of the Layer XY class. See Section 3.29 for the conventions used in
thistable.

1

set Nane(text)

# Java style

nyLayer. set Nane("A | ayer")
# Jython style
nyLayer.nane = "A | ayer"

Example 3.17. Changes the name (and thus the legend) of the layer.
setLine(Style line)

# Java style

nyLayer. set Li ne(Styl e. DASHED) # Nane
nyLayer. setLine(3) # Nunber

# Jython style

nyLayer.line = Style. DASHED # Nane
nyLayer.|ine 3 # Nunber

Example 3.18. Setsthelinestyleof thelayer. PossiblevaluesareNONE, SOLID, MARKED, DASHED
and MARK_DASHED. You can also usethe numbers0, 1, 2, 3and 4.

set Synbol Si ze(doubl e si ze)

# Java style

nylLayer . set Synbol Si ze(5. 0)
# Jython style

nyLayer. synbol Size = 5.0

Example 3.19. Setsthe size of the layer symbols, in points.

set Synbol Shape( Synbol Shape shape)

# Java style
nyLayer . set Synbol Shape( Synbol Shape. FTRI ANGLE) # Nane
nyLayer . set Synbol Shape(15) # Nunber

# Jython style
nyLayer . synbol Shape
nyLayer . synbol Shape

= Synbol Shape. FTRI ANGLE # Nane

= 15 # Nunber

Example 3.20. Setsthe shape of the symbol. See Table 3.2 for the names and numbers of available
symbols.

set Stroke(fl oat stroke)

# Java style

nyLayer . set St roke(5. 0)
# Jython style
nyLayer.stroke = 5.0

Example 3.21. Setsthelinethickness, in points. Only for line plots.
setStyle(Style style)

nyStyle = Style(line = Style. NONE, synbol = Style. FSQUARE, synbol Size=3.5, \
color = java.aw . Col or. bl ue)

# Java style

nyLayer.set Styl e(nyStyl e)

# Jython style
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nyLayer.style = nyStyle

Example 3.22. Setsthe style of thelayer. Theinput parameter isan instance of the St y| e class. For
mor e information on creating styles see Section 3.9.

Procedure3.3. Other methodsof theLayer XY class. See Section 3.29 for the conventionsused in thistable.

1

addPoi nt (doubl e x , double y)

nyLayer . addPoint (1.5, 2.8)

Example 3.23. Adds a point to the layer.

addPoi nt s(OrderedldData x , OrderedldData y)
poi ntsX = Doubl eld([5.5, 6.0, 6.5])

poi ntsY = Doubl eld([2.8, 3.0, 3.1])

nyLayer . addPoi nt s(poi nt sX, poi ntsY)

Example 3.24. Adds a set of pointstothe layer.

get Coor ds()

# Java style

print myLayer. get Coords()
# Jython style

print mylLayer. coords

Example 3.25. Waitsfor mouseclick and returnsthecoordinatesof thepointer. Returnsadoubl e[ ]

get Coords(int n)
print nmyLayer. get Coor ds(2)

Example 3.26. Likethe previous method, but thisone doesthejob for n successive clicks. Returnsa
doubl e[ ][] ,thatis, an array of double arrays. Each array holdsthe coordinates of a mouse click.

get Dat aCoor ds()

# Java style

print myLayer. get Dat aCoor ds()
# Jython style

print myLayer. dat aCoords

Example 3.27. The difference with respect to the previous two methods is that thistime the coordi-
nates of the layer point closer to the mouse pointer arereturned. Returnsadoubl e[ ] .

get Dat aCoor ds(i nt n)
print mylLayer. get Dat aCoor ds( 2)

Example 3.28. Likethe previous method, but this one doesthejob for n successive clicks. Returnsa
doubl e[ ][] ,thatis, an array of double arrays. Each array holdsthe coordinates of the data point
closest to each mouse click.

get Pglid()

# Java style

print myLayer. getPglid()
# Jython style

print mylLayer.pglid

Example 3.29. Returnsani nt representing theindex of the current layer insidethe Pl ot XY .
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8. setlnLegend(bool ean)

# Java style

print nyLayer. setlnLegend(True)
# Jython style

print nyLayer.inLegend = True

Example 3.30. Setswhether thelayer isshown in thelegend. Getter method i sl nLegend available.

3.5. Showing and customising a legend

You can show or hide a legend showing the name of layers next to the symbol and line styles used
to plot the corresponding data:

nyPl ot . | egend. vi si bl e
nyPl ot . | egend. vi si bl e

1 # Show the |egend
0 # Hde the | egend

Changing the legend name for alayer.  In the following example, the data of layer nylLayer
is shown in the legend under the label My data :

nyLayer.nane = "My data"

Removing a layer from thelegend. Inthefollowing example, thelayer nyLayer isremoved
from the legend:

nyLayer.inLegend = 0
Showing or hiding thelegend border.  Usethe following commands:

1 # Show the border
0 # Hide the border

nyPl ot . | egend. bor der Vi si bl e
nyPl ot . | egend. bor der Vi si bl e

Setting the number of columns. Y ou can set the number of columnsin which layers are organised
in the legend, or let HIPE decide:

nmyPl ot . | egend. colums = 2 # Two col umms
nmyPl ot . | egend. aut oCol utmms = 1 # Automatic

Changing the position of thelegend. To move the legend to another position, hover on it so that
the mouse pointer turns to afour-arrows icon. Then click and drag. From the command line, use one
of the following commands:

nyPl ot . | egend. x
nyPl ot . | egend. y
nyPl ot. |l egend. xy = [3.0, 1.5]

nyPl ot . | egend. set Location(3.0, 1.5)

3.0
1.5

from herschel .ia. gui.plot.renderer. Pl ot LegendEngi ne i nport Position
nyPl ot . | egend. positi on = Position. TOPCENTER

Numeric values are in physical coordinates, not in plot coordinates. This means that the legend will
not change position if you change the zoom level of the plot.

Possible values for Posi ti on are BOTTOMCENTER , BOTTOMLEFT , BOTTOVRI GHT , LEFT-
BOTTOM, LEFTM DDLE, LEFTTOP, Rl GHTBOTTOM, Rl GHTM DDLE, Rl GHTTOP , TOPCEN-
TER, TOPLEFT and TOPRI GHT .

Methods.  The plot legend is modelled by the Pl ot Legend class. This class shares all the posi-
tioning methods listed in Procedure 3.1 . For more information see the devel oper's documentation .

3.6. Customising plot properties
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3.6.1.

Once you have created a plot, you can customise it by changing the properties of its components.

The most common way to do so isviathe command line, and the rest of this chapter describesin detail
all the available commands to change the appearance of your plot.

If you prefer to change properties via a graphical interface, you can use Property Panel window. To
open thiswindow, right-click on the plot and choose Properties from the context menu. Alternatively,
invoke the pr ops() method on your plot:

myPl ot . props()

800 Herschel Property Panel
=
© Layout chartFitMode FIXED_SIZE
@ Title size (640, 480]
@ Subtitle width 640
@ Legend height 480
scale 1051.12404577645
chartsize [0.4567, 0.4567]
width 0.4567
height 0.4567
plotSize DoubleDimension2 D[0.056654000...
width 0.05665
height 0.05665
autoBoxAxes [vi
multicolored AutoLineColors [¥]

Figure 3.2. The Property Panel window.

The previous image shows the properties window for the plot created in Section 3.2 . The left-hand
panel shows atree structure with al the plot elements. Asyou add more elements (for example, addi-
tional layers) the tree is automatically updated. Click on any tree element to display the related prop-
erties in the right-hand panel.

Depending on the type of property, you can make changes by editing a text field, choosing a value
from adrop-down list, ticking a checkbox or accessing an additional dialogue window. Most changes
are immediately reflected in the plot. When you change the value of a text field, you have to press
Enter or click elsewhere in the properties window for the change to appear.

Command line equivalents

When you change a plot property from the Property Panel window, HIPE writes the corresponding
command to the Console view. For example, if you change the title of the plot, you will see an output
like thisin the Console view:

| ogger.info("myPlot.getTitle().setText(u' Another title')")

Thisisnot the plot command, however. Instead, this command writes the plot command to the session
log. If you switch to the Log view, you will see something like the following:

05 Nov 2012 15:51:41.788 INFO mnyPlot.getTitle().setText(u' Another title')

After the | NFO. label you have acommand you can copy and paste to a script.

Tip
@ The u just before the ' Anot her title' string makes it a Unicode string. This is
optional unless your string includes symbols outside the ASCI| character set.

Note that the command used in the previous example could be made more compact as follows:
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nyPlot.title.text = 'Another title'

These two styles are entirely equivalent and only a matter of preference. For more information see
Section 3.29 .

3.7. Setting margins

Margins determine the space between the plot and the edges of the plot window. Margins are set auto-
matically by HIPE, but you can change them, for example if you need more space to insert annotations
outside the plot area.

The following example shows how to change the top margin of aplot caled nyPl ot

myPl ot . get SubPI ot (0) . mar gi n. aut oMar gi nTop Fal se

myPl ot . get SubPl ot (0) . mar gi n. margi nTop = 0.7

HIPE automatically resizes the plot window as margin sizes are changed.

You first have to set the aut oMar gi nTop property to Fal se . Set it back to Tr ue to reset the
margin to its default value.

You can set the margins on the other three sides of the plot by using Bott om, Ri ght and Left
instead of Top .

Note that you do not operate on the plot directly, but get a subplot via the get SubPl ot method.
If you are working with a single plot, then you have one subplot with index 0. If you are creating
multiple plots in the same window, as explained in Section 3.24 , you have several subplots and can
set the margins of each one separately.

3.8. Saving and printing

To save aplot, right-click on it and choose Save as from the context menu. Y ou can save the plot in
PNG, EPS, PDF and JPEG formats. Y ou can also do it viathe command line:

myPl ot . saveAsJPE "nyfile.jpg") # JPEG fornmat

myPl ot . saveAsEPS("nyfil e. eps") # Encapsul ated PS
myPl ot . saveAsPNG "nyfil e.png") # PNG for mat

nmyPl ot . saveAsPDF("nyfil e.pdf") # PDF format

To print aplot, right-click on it and choose either of these options from the context menu:

* Print sends datain vector format to the printer. This guarantees a high-quality result, but could take
along time for plots with many data points.

* Print image converts the plot to a bitmap image before sending it to the printer. This lowers the
quality of the result, but guarantees fast printing even with avery high number of data points.

3.9. Setting line and symbol styles

To change the line style for alayer use this command:
nyLayer.line = Style. NONE

Y ou can also use a number instead of the style name:
nyLayer.line = 0

The following table shows the available styles and corresponding numbers:
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Table 3.1. Plot line styles
Name Number Description
Style NONE 0 Symbols only
Style.SOLID 1 Solid line, no symbols
Style MARKED 2 Symbols connected by solid line
Style. DASHED 3 Dashed line
Style MARK_DASHED 4 Symbols connected by dashed line

To set the stroke thickness of aline use this command:

nylLayer.style.stroke = 5.0

To change the plotting symbol and its size use this command:

nmyLayer. synbol = Styl e. FSQUARE
nyLayer. synbol Si ze = 10

The available symbols are listed in the following table. A grey frame is drawn around the smaller
symbols (dot and small arrows) to help gauge their size and position with respect to the data point.
The frameis not part of the symbals.

Table 3.2. Symbol codes and images.

Name Number Image |Name Number Image
DOT 1 FSQUARE 16 .
VCROSS 2 + FDIAMOND 17 ’
DCROSS 3 >< FOCTAGON 18 .
VDCROSS 4 >|< UARROW 19 A
CIRCLE 5 O DARROW 20 “J
TRIANGLE 6 ﬁ.\ RARROW 21 —
UTRIANGLE 7 W LARROW 22 i
SQUARE 8 DARROW_LARGE 23
SQUARE_CROSS 9 gﬁgROW—TR'AN' 24 PN
DIAMOND 10 <> CD;'SEROW—TR'AN' 25 —
DIAMOND_CROSS 11 @ UARROW_TAIL 26 T
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3.10

Name Number Image |Name Number Image
OCTAGON 12 O DARROW_TAIL 27
STAR 13 ﬁ RARROW_TAIL 28 —
FCIRCLE 14 . LARROW_TAIL 29 %
FTRIANGLE 15 A

Note
@ You can use either the code or the numeric value for the symbol. That is, synbol =

Styl e. FSQUARE isequivalenttosynbol = 16.

You can change shapes and sizes of symbals, line patterns and colours with a single command by
usingthe St yl e class.

X Doubl eld(range(100))

y X*X

nyPl ot = Pl ot XY(x, V)

nyPlot.style = Style(line = Style. NONE, synbol = Style. FSQUARE, synbol Size=3.5, \
col or = java. awt . Col or. bl ue)

Example 3.31. Customising the appearance of the different plot symbols.

In the above example the style is automatically applied to the first layer of the plot. For plots with
multiple layers, you can apply the style to one specific layer:

y2 = x*2

# Adding a | ayer

nmyPl ot . addLayer (Layer XY(x, y2))

# Applying a style to the second | ayer of the plot.

# This style only changes the line pattern and thickness.
myPlot[1].style = Style(line = Styl e. DASHED, stroke = 0.5)

Customising axes

To initialise a plot with zeroed data and a sample axis, so you can work with the examples below,
the following two lines are enough. Take into account that some of the examples require importing
additional classes and are thus not self-contained.

# Initialise the plot and the x-axis

myPl ot =Layer XY( Doubl e1d(0), Doubl e1d(0))

nmyPl ot . xaxi s=Axi s(range=[ 5e13, 3el17], titleText="radius (cm")
Example 3.32. Adding a customised range and titleto a plot axis.
Changing the axislabels:

" X-val ues"
"Y-val ues"

nyPl ot . xaxi s.titleText
nyPl ot . yaxis.titleText

Changing the axisranges:

nmyPl ot . xaxi s. range
nmyPl ot . yaxi s. range

[-2.0,2.0]
[-10.0, 10. 0]

To go back to the auto range:
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nyPl ot . xaxi s. aut oRange
nyPl ot . yaxi s. aut oRange

Changing the spacing of thetick marks:

nyPl ot . xaxi s.tick.interval
nyPl ot . yaxi s.tick.interval

3.0
30.0

Changing the number of minor ticks between each couple of major ticks:

myPl ot . xaxi s. ti ck. m nor Nunber
myPl ot . yaxi s. ti ck. m nor Nunber

4
5

Changing the axisfrom linear to logarithmic:

nmyPl ot . xaxi s. set Axi sType( Axi sType. LOG)
nmyPl ot . xaxi s. set Axi sType( Axi sType. LI NEAR)

Note

S Any negative values are ignored when converting an axis to logarithmic. Negative values

are plotted again when returning to linear.

Methods.  Some methodsthat work on axes arelisted in the tables below. For acomplete reference
see the devel oper's documentation for the Axis class.

Procedure 3.4. Useful methods of the Axi s class. See Section 3.29 for the conventionsused in thistable.

1.

set Aut oRange( bool ean fl ag)

# Java style

nyAxi s. set Aut oRange( Tr ue)
# Jython style

nyAxi s. aut oRange = True

Example 3.33. If f| ag istrue, adjuststhe range of the specified axis so that all data points will be
shown.

set Range(doubl e | ow, doubl e hi gh)
nyAxi s. set Range(10. 0, 30.0)

Example 3.34. Setstherange of the axis. Thelower and upper limit are passed as separate doubl e
parameters. Note that thereisno " Jython style" example because lists and tuplesin Jython use the
same syntax. Seethe row just below for the example.

set Range([ | ower, upper])

# Java style

nyAxi s. set Range([ 10. 0, 30.0])
# Jython style

nyAxi s.range = [10.0, 30.0]

Example 3.35. Set therange of the specified axisto values between lower and upper. Notethat instead
of two argumentsfor thelower and upper limits, thereisonearray argument containing both values.

set & i dLi nes(bool ean fl ag)
# Java style
nyAxi s. set &i dLi nes( Tr ue)

# Jython style
nyAxi s. get Ti ck() . set Gi dLi nes(True)

Example 3.36. Show grid linesfor the specified axisif f | ag istrue, hidethegrid lines otherwise.
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10.

set Type( Axi sConst ants. Type type)

# Java style

nyAxi s. set Type( Axi s. LOG
# Jython style

nyAxi s.type = Axis.LOG

Example 3.37. Setsthe axistype. Availabletypesare LI NEAR, LOG, DATE , Rl GHT_ASCENSI ON
and DECLI| NATI ON.

getOrientation()

# Java style

print nmyAxis.getOrientation()
# Jython style

print nmyAxis.orientation

Example 3.38. Getstheaxisorientation, either HORI ZONTAL or VERTI CAL . Setter method not avail-
able.

set Li near ()

nyAxi s. set Li near ()
Example 3.39. Setstheaxistoalinear scale. Equivalent to set Type( Axi s. LI NEAR) .

set Log()

nyAxi s. set Log()
Example 3.40. Setsthe axisto alogarithmic scale. Equivalent to set Type( Axi s. LOG) .

set | nverted(bool ean fl ag)

# Java style

nyAxi s. set | nverted(True)
# Jython style

nyAxi s.inverted = True

Example 3.41. Sets whether values on the axis are displayed in inverted order (for instance, right to
left for the abscissa).

set Position (AxisConstants. Position position)

# Java style

nyAxi s. set Posi ti on( Axi s. BOTTOW)
# Jython style

nyAXxi s. position = Axis. BOTTOM

Example 3.42. Setstheposition of theaxiswith respect totheplot. Possiblevaluesare TOP or BOTTOM
for abscissa axisand LEFT or RI GHT for ordinate axis. Get method available.

Thetitle of an axisis modelled by the Axi sTi t | e class. For more information see the developer's
documentation for AxisTitle.

Procedure 3.5. Useful methods of the Axi sTi t | e class. See Section 3.29 for the conventionsused in this
table.

set Text (String text)

# Java style
nyTitle.setText ("A title")
# Jython style
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nyTitle.text = "Atitle"

Example 3.43. Setsthetext to be displayed.

Ticks are modelled by the Axi sTi ck class. Usually you access the ticks from an Axi s object:

myTi cks
myTi cks

myAxi s. getTick() # Java style
myAxis.tick # Jython style

For more information see the devel oper's documentation of the AxisTick class.

Procedure 3.6. Some methods of the Axi sTi ck class. See Section 3.29 for the conventions used in this
table.

1

set Hei ght (doubl e si ze)

# Java style

nyTi cks. set Hei ght (2. 0)
# Jython style
nyTi cks. height = 2.0

Example 3.44. Setsthe physical height of the major ticks.

setlnterval (double interval)

# Java style

nyTi cks. set I nterval (0. 3)
# Jython style
nyTicks.interval = 0.3

Example 3.45. Setstheinterval between major ticks, in axisunits.
set Si de( Axi sTi ckSi de si de)

# Java style

nyTi cks. set Si de( Axi sTi ckSi de. BOTH)
# Jython style

nyTi cks. si de = Axi sTi ckSi de. BOTH

Example 3.46. Setsthe side of the axis on which the ticks are drawn. Possible values are | NWARD
OUTWARD and BOTH .

set M nor Nunber (i nt nunber)

# Java style

nyTi cks. set M nor Nunber ( 3)
# Jython style

nyTi cks. m nor Number = 3

Example 3.47. Setsthe number of minor ticks displayed between two major ticks.
set Aut oAdj ust Nunber (bool ean fl ag)

# Java style

nyTi cks. set Aut 0Adj ust Nunber ( Tr ue)

# Jython style
nyTi cks. aut oAdj ust Nunber = True

Example 3.48. Setswhether the number of ticks on the axisis adjusted automatically to avoid over-
lapping labels. Getter method i sAut 0Adj ust Nunber available.

set & i dLi nes(bool ean fl ag)
# Java style

nyTi cks. set Gri dLi nes( Tr ue)
# Jython style
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nyTi cks. gri dLi nes = True

Example 3.49. Setswhether grid lines are displayed for major ticks. Getter method i sGri dLi nes
available.

Tick labels are modelled by the Axi sTi ckLabel class. Usually you access the tick labels from an
Axi sTi ck object:

nmyTi ckLabel s
nmyTi ckLabel s

nmyTi cks. get Label () # Java style
nmyTi cks. | abel # Jython style

For more information see the devel oper's documentation of the AxisTickL abel class.

Procedure 3.7. Some methods of the Axi sTi ckLabel class. See Section 3.29 for the conventions used
in thistable.

1. setCol or(java. awt. Col or col our)
# Java style
nyTi ckLabel s. set Col or (j ava. awt . Col or. green)

# Jython style
nyTi ckLabel s. col or = java. awt. Col or. green

Example 3.50. Setsthe colour of labels.
2. setFont(java.awt.Font font)
nyFont = java.awt.Font("Arial", java.awt.Font.PLAIN, 15)
# Java style
nyTi ckLabel s. set Font (myFont)

# Jython style
nyTi ckLabel s. font = nyFont

Example 3.51. Setsthefont of labels.
3. setFont Si ze(doubl e si ze)

# Java style

nyTi ckLabel s. set Font Si ze(12. 0)

# Jython style
nyTi ckLabel s. font Size = 12.0

Example 3.52. Setsthe physical size of labels.
4. setlnterval (int val ue)

# Java style

nyTi ckLabel s. set | nterval (2)

# Jython style
nyTi ckLabel s.interval = 2

Example 3.53. Setstheinterval (in ticks) between successive labels. For example, a value of two dis-
playsalabel on every other tick.

5. setOrientation(int val ue)

nyTi ckLabel s. set Orientati on(1)

Example 3.54. Setsthe orientation of the labels (0 for horizontal, 1 for vertical).
6. setFixedStrings(String[] |abels)

# Java style

nyTi ckLabel s. set Fi xedStri ngs(["One", "Two", "Three"])
# Jython style
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nyTi ckLabel s. fi xedStrings = ["One", "Two", "Three"]
Example 3.55. Replacesthe current labelswith thevaluesin an array of St ri ng objects.
set Si de( Axi sLabel Si de si ze)

from herschel .ia.gui.plot.renderer inport AxisLabel Side
# Java style

nyTi ckLabel s. set Si de( Axi sLabel Si de. | NWARD)

# Jython style

nyTi ckLabel s. si de = Axi sLabel Si de. | N\WARD

Example 3.56. Setsthe side of the axis on which the labels are drawn. Possible values are | NWARD
and OQUTWARD.

The Layer XY class also has methods related to axes. These are listed in the following table. All the
methods listed in the table can equally be applied to the y-axis by replacing X with Y .

Procedure 3.8. Axisrelated methods of the Layer XY class. See Section 3.29 for the conventions used in
thistable.

1

set Xaxi s(Axi s axi s)

# Java style
nyLayer . set Xaxi s( nyAxi s)
# Jython style
nyLayer.xaxi s = nmyAxis

Example 3.57. Setsthe x axisto the specified Axi s instance. The x axis will be reinstantiated with
its default settings plus whatever isindicated in the Axi s instance. So any prior manipulations of
theaxisarelost.

set Xrange(doubl e[] range)

# Java style

nylLayer. set Xrange([-2.0, 10.5])
# Jython style

nyLayer.xrange = [-2.0, 10.5]

Example 3.58. Setstherange of the x axis.
setXtitle(String title)

# Java style
nyLayer.setXtitle("Atitle")
# Jython style
nyLayer.xtitle = "Atitle"

Example 3.59. Setsthetitle of the x axis.
set Xt ype( Axi sConst ants. Type type)

# lnport statement not needed if using nuneric val ues
from herschel .ia.gui.plot.renderer.axtype inport Axi sType
# Java style

nyLayer . set XAxi sType( Axi sType. LOG) # Name

# Jython style

nyLayer . set XAxi sType( Axi sType. LOG) # Name

Example 3.60. Setsthe type of the x axis. Availabletypesare LINEAR and LOG.
set Xy(OrderedldData[] xy)

# New X values are 1.0, 2.0, 3.0. New Y values are 2.5, 2.8, 3.1.
# Java style
nyLayer . set Xy([ Doubl eld([1.0, 2.0, 3.0]), Doubleld([2.5, 2.8, 3.1])])
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# Jython style
nyLayer.xy = [Doubl eld([1.0, 2.0, 3.0]), Doubleld([2.5, 2.8, 3.1])]

Example 3.61. Setsthe x and y values, passed as elements of an "array of arrays' of size two. Get
method available. Notethat thereisno set Yx method!

6. setXy(OrderedldData x, OrderedldData vy)

# New X values are 1.0, 2.0, 3.0. New Y values are 2.5, 2.8, 3.1
0, 2.0 5 2.8 .1]))

myLayer . set Xy( Doubl e1d([ 1.0, , 3.0]), Doubleld([2.5, 2.8,

w w

Example 3.62. Setsthe x and y values, passed as two separate arrays. Note that thereisno set Yx
method!

7. setY(OrderedldData vy)
# New Y values are 2.5, 2.8, 3.1.
# Java style
nylLayer . set Y( Doubl eld([2.5, 2.8, 3.1]))

# Jython style
nyLayer.y = Doubl eld([2.5, 2.8, 3.1])

Example 3.63. Setsthe ordinate values. Get method available. Note thereisa get X method but not
aset Xmethod.

8. shareXaxi s(Axis axis)
nyLayer . shar eXaxi s( nyAxi s)

Example 3.64. Removesthe x axis and usesthe given axisas a shared x axis.

3.11. Drawing grid lines

3.12

Enable grid lines as in the following example:

1
1

nyPl ot . xaxi s.tick.gridLines
nyPl ot . yaxi s. tick.gridLines

Setthegri dLi nes vaueto zero to disable grid lines.

Grid lines are drawn at major tick marks.

Managing annotations

The following example shows how to add, modify and remove annotations:

# Add an annotation at x = 6.5, y = -10, with text "M/ text".

# The coordinates correspond to the |ower |eft corner of the annotation.
nyPl ot . addAnnot ati on(Annot ati on(6.5, -10,"M/ text", col or=j ava. awt . Col or. GREEN))
# List all the annotations of the plot (just one in this case).

print nyPl ot. getAnnot ati ons()

# array(herschel .ia.qgui.plot.Annotation, [Annotation 0])

# Every annotation is identified by an index, starting from zero.

# Print the text of an annotation given its index.

print nyPlot.getAnnotation(0).text # M/ text

# Modify an annotation

nyAnnot ati on = nyPl ot . get Annot ati on(0)

nyAnnot ati on.text = "Another text" # Change text

nyAnnotation.x = 7.3 # Change coordi nates

nyAnnotation.y = -5

# Del ete an annotation given its index.

nyPl ot . renbveAnnot at i on(0)

Methods. Thefollowing table lists methods of the Annot at i on class. For more information see
the devel oper's documentation .
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Procedure 3.9. Methods of the Annot at i on class. See Section 3.29 for the conventions used in thistable.

1

Annot ati on()

nyAnnot ati on = Annot ati on()

Example 3.65. Creates an empty annotation.
Annotation(String text)

nmyAnnot ati on = Annotation("M/ text")

Example 3.66. Creates an annotation with the given text.

Annot ati on(double x , double y , String text)
nyAnnot ati on = Annotation(1l.5, 10.0, "M/ text")

Example 3.67. Creates an annotation with the given position and text.
set Angl e(doubl e angl e)

# Java style

nyAnnot at i on. set Angl e(40. 0)
# Jython style

nyAnnot ati on. angl e = 40.0

Example 3.68. Setsthe position angle, in degrees, counter clockwise.

set Hal i gn( PConponent Engi ne. HAl i gn hAl i gn)

from herschel .ia.gui.plot.renderer inport PConponent Engi ne
# Java style

nyAnnot at i on. set Hal i gn( PConponent Engi ne. HAl i gn. LEFT)

# Jython style

nyAnnot at i on. hal i gn = PConponent Engi ne. HAl i gn. LEFT
# Accepted val ues: LEFT, RIGHT and CENTER

Example 3.69. Setsthe horizontal alignment.
set Val i gn( PConponent Engi ne. VAl i gn VAl i gn)

from herschel .ia.qgui.plot.renderer inport PConponent Engi ne
# Java style

nmyAnnot at i on. set Val i gn( PConponent Engi ne. VAl i gn. BOTTOM

# Jython style

nmyAnnot at i on. val i gn = PConponent Engi ne. VAl i gn. BOTTOM

# Accepted val ues: TOP, BOTTOM and M DDLE.

Example 3.70. Setsthe vertical alignment.
set X(doubl e x)

# Java style

nmyAnnot at i on. set X(12. 5)
# Jython style

nyAnnot ation.x = 12.5

Example 3.71. Setsthe x position.
set Xy(doubl e x , double y)
nyAnnot ati on. set Xy(12.5, -3.5)

Example 3.72. Setsthe x and y position.
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10.

set Text (String text)

# Java style

nyAnnot ati on. set Text ("Alternative text")
# Jython style

nmyAnnotation.text = "Alternative text"

Example 3.73. Setsthetext of the annotation.
intget1d()

# Java style

print myAnnotation.getld()

# Jython style

print myAnnotation.id

Example 3.74. Getsthe uniqueid of the annotation. No setter available.

The Pl ot XY class also has methods for handling annotations. These are listed in the following table.

Procedure 3.10. Methods of the Pl ot XY class for handling annotations. See Section 3.29 for the conven-
tionsused in thistable.

addAnnot ati on( Annot ati on annot ati on)

nyAnnot ati on = Annotation(6.5,-10,"M/ text", col or=j ava. awt . Col or . GREEN)
nyPl ot . addAnnot at i on( nyAnnot at i on)

Example 3.75. Adds an Annotation object to the layer.

addAnnot ati ons(Annot ati on[] annot ati ons)

firstAnnotati on = Annotation(6.5,-10,"M/ text", col or=j ava. awt . Col or . GREEN)
secondAnnot ati on = Annotation(3.5,-5,"Anot her text", col or=j ava. amt . Col or. BLUE)

nmyPl ot . addAnnot ati ons([firstAnnotati on, secondAnnotation])

Example 3.76. Adds several Annotation objects to the layer. The input Annotations are passed as
an array.

set Annotation(int id , Annotation annotation)

nyAnnot ati on = Annotation(6.5,-10,"My text", col or=j ava. awt . Col or . GREEN)
nyPl ot . set Annot ati on(1, nyAnnotati on)

Example 3.77. Sets an annotation to a given id, replacing what was there before.

set Annot ati ons( Annot ati on[] annotati ons)

firstAnnotati on = Annotation(6.5,-10,"My text", col or=j ava. awt . Col or . GREEN)
secondAnnot ati on = Annotation(3.5,-5,"Anot her text", col or=j ava. awt . Col or. BLUE)
nyPl ot . set Annot ati ons([firstAnnotati on, secondAnnotation])

Example 3.78. Replaces all the annotationswith the ones provided in the array.

get Annotation(int i)

nmyAnnot ati on = nmyPl ot. get Annot ati on(1)

Example 3.79. Retrieves one annotation from the layer.

get Annot ati ons()

# Java style

nyAnnot at i ons = nyPl ot. get Annot ati ons()
# Jython style
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nmyAnnot ati ons = nmyPl ot. annot ati ons

Example 3.80. Retrievesall theannotationsfrom thelayer. Theannotationsarereturned asan array.
7. renoveAnnotation(int id)

nmyPl ot . renpbveAnnot ati on( 1)

Example 3.81. Removes the annotation with the specified id.
8. clearAnnotations()

myPl ot . cl ear Annot ati ons()

Example 3.82. Removes all the annotations.

3.13. Drawing filled areas

To enable area filling for a layer, use the following command, assuming that | ayer is avariable
representing your layer:

nmyLayer.style.fillEnabled = 1
Set this property to zero to disable areafilling.
Fill closure.  You can determine the areato be filled by setting thefill closure type::

from herschel .ia.gui.plot.renderer inport FillCd osureType
myLayer.style.fill C osureType = Fill d osureType. TOP

There arefive options available: SELF , TOP , BOTTOM, LEFT and Rl GHT .

The SELF option is the default. The filled areais defined by the plot curve and a straight line con-
necting the first and last points of the curve.

The effects of the five options are shown in the following image:
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Figure 3.3. Availablefilling closuretypes.

Fill colour. The areaisfilled with alight grey colour by default. To change the colour, issue the
following command:

nmyLayer.style.fillPaint = java.awt. Col or. YELLONV
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For more information on thej ava. awt . Col or class see Section 3.25.
Hatching.  You can use a hatched pattern for filling by defining aLi neHat chPai nt object:

pai nt = LineHatchPaint(55) # Lines tilted 55 degrees
nyLayer.style.fillPaint = paint

There are various waysto create aLi neHat chPai nt object:

Li neHat chPai nt (angl e)
Li neHat chPai nt (Wi dt h, angl e, spaci ng)
Li neHat chPai nt (col or, w dth, dash, angle, spacing)

Angles are measured in degrees, widths and spacings in pixels. The col our parameter must be of
typej ava. awt . Col or , whilethe dash parameter is an array of lengths in pixels describing the
dash pattern. The following examples clarifies the syntax:

Li neHat chPai nt ( 55)

Li neHat chPai nt (3, 75, 5)

Li neHat chPai nt (j ava. awt . Col or. RED, 1, [5, 3, 1], 55, 5)

The results are shown in the following figure:
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Figure 3.4. Thefilling patterns produced by the three Li neHat chPai nt objects shown in the previous
example.

3.13.1. Drawing filled areas between curves

To fill areas between curves, the required code is more complex. Following you can find a complete
exampl e that fills the area between the curves sinc(x)+0.5 and sinc(x)-0.5 with a gray colour. It aso
strokes the curve sinc(x) in blue with a brush 3 pixels wide.

from herschel .ia.gui.plot.renderer inport FillC osureType
fromjava.aw inport Col or

X = -4*Math. Pl + 8. 0*Mat h. Pl *Fl oat 1d. range(101)/ 100. 0
y = SINC(x)

yerr = 0.5

yUp =y + yerr

yDo =y - yerr

pl ot = Pl ot XY()

# fill area

ax=x. copy() . append( REVERSE( x) )

ay=yUp. copy() . append( REVERSE(yDo))

# there is no way to omt lines and synbols together, so we set synbols to a very
smal | size

| a=Layer XY(ax, ay, | i ne=Styl e. NONE, synbol Si ze=0. 01)

la.style.fill Cl osureType=Fill C osureType. SELF

la.style.fill Pai nt=Col or (234, 234, 234)

la.style.fill Enabl ed=1

pl ot . addLayer (| a)

11 = Layer XY(X,Y)

1. set Stroke(3)

| 1up = Layer XY(x, yUp)
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| 1up. set Col or (j ava. awt . Col or. GRAY)
I 1do = Layer XY( x, yDo)

| 1do. set Col or (j ava. awt . Col or . GRAY)
pl ot . addLayer (1 1)

pl ot . addLayer (| 1up)

pl ot . addLayer (| 1do)

Example 3.83. Filling the ar eas between the curves.

Theresult of this code is displayed in the following figure:
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Figure 3.5. Thefilled area between the sinc(x) curves.

3.14. Drawing a straight line

UsetheLi neAnnot at i on classto add ahorizontal or vertical lineto alayer of your plot, as shown
by the following example:

# Creating two horizontal lines at Y = 10 and 12
hline_a = LineAnnotation (LineAnnotation. YLI NE, 10)
hline_b = LineAnnotati on (LineAnnotation. YLINE, 12)
# Creating a vertical line at X = 15.5

vline = LineAnnotation (LineAnnotation.XLI NE, 15.5)
# Adding all three lines to a |ayer

myLayer . addLi neAnnot ati on(hl i ne_a)

nmyLayer . addLi neAnnot ati on(hl i ne_b)

nmyLayer . addLi neAnnot ati on(vl i ne)

Each line isidentified by an integer number, starting from zero. In the above example, hl i ne_a
isidentifiedby O, hline_b byland vline by2. Youneedtorefertothese numbersif you
want to modify or delete aline, as shown in the following examples.

Li neAnnot at i on objects accept all the methods for colours, fonts and visibility described in Sec-
tion 3.26 . In addition, you can change the line width and dash pattern as shown by the following
example:
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# Changing line width to 2.0 in plot units
hline_a.lineWdth = 2.0

# Appl yi ng changes (hline_a is nunber 0)

nyLayer . set Li neAnnotati on(1, hline_a)

# Setting dashes of length 2.0 with gaps of length 1.0
hli ne_b. dashArray = [2.0, 1.0]

# Appl yi ng changes (hline_b is nunber 1)

nmyLayer . set Li neAnnot ati on(0, hline_b)

User enoveli neAnnot at i on to deletealine:

# Rermoving vline, identified by nunber 2
myLayer . renpveli neAnnot at i on( 2)

3.14.1. Drawing an arbitrarily-positioned straight line

Li neAnnot at i on objects can only be plotted vertically or horizontally. To arbitrarily position a
straight line you need to employ the st r oke property of Layer XY . See below for a minimal ex-
ample.

fromjava.aw . Col or inport *

x = Doubl eld. range(11)

y = X*x

myPl ot = Pl ot XY()

myPl ot . aut oBoxAxes = 1

myLayer = Layer XY(Xx, V)

nmyPl ot . addLayer (nmyLayer, 0, 0)
x1 _begin = 2.0

yl begin = 2.0

x1 end = 6.0

yl end = 8.0

11 =
Layer XY( Doubl eld([ x1_begi n, x1_end] ), Doubl eld([y1l_begin, yl end]), col or=j ava. awt . Col or . RED, str oke
:2)

myPl ot . addLayer (I 1, 0, 0)

x2_begin = 7.0

y2_begin = 60.0

x2_end = 9.0

y2_end = 75.0

12 =
Layer XY( Doubl eld([ x2_begi n, x2_end] ), Doubl eld([ y2_begi n,y2_end] ), col or =j ava. awt . Col or. BLUE, str oke
:2)

myPl ot . addLayer (1 2, 0, 0)

Example 3.84. Drawing an arbitrarily-positioned straight lineusing Layer XY.

Customising auxiliary axes

Auxiliary axes are those that appear opposite the plot main axes. The X axis at the top of the plot and
the Y axis on the right side of the plot are auxiliary axes.

3.15

You can get hold of an auxiliary axis with the get AuxAxi s method. The following example shows
how to set different units and ticks for the auxiliary axes. The main X axisis a wavelength measured
in micrometers and the top X axisis changed to show the wavenumber (1/wavelength) incm ™ .

STEP 1 - Create a plot
= 100.0 + 6*Doubl eld. range(100)
= X*X

myPl ot = Pl ot XY()

myLayer = Layer XY(X,Y)

nmyPl ot . addLayer (myLayer)

nyPl ot. xaxis.titleText = "Wavel ength ($\\ nu$m "
nyPlot.yaxis.titleText = "F$_\\| anbda$ (Jy)"

#
X
y

# STEP 2
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# Get the auxiliary axis (top X).

xaux = myPl ot. xaxi s. get AuxAxi s(0)

# Make it free so that ticks do not have to be identical to the nmin axis.
xaux. tickldentical =0

# Renove the autoadjustment of the ticks.

xaux. ti ck. aut oAdj ust Nunber = 0

# Make the axis title visible and set the title text.

xaux.title.visible =1

xaux. titleText = "Wavenunber (cn$™{-1}$)"

# STEP 3

# Get the top axis | abels and make them vi si bl e.
xauxl ab = xaux. tick.| abel

xauxl ab.visible = 1

# Set the new values for major and minor ticks.

# Major ticks: 10, 20, 30, 40, 50.

val s = Doubl eld(range(10, 51, 10))

# Mnor ticks: 15, 25, 35, 45.

val sM nor = Doubl eld(range( 15, 50, 10))

# Convert the wavenunbers to wavel ength in mcrons.
wW _vals = 1.0e4/val s

w _val sM nor = 1.04/val sM nor

xaux. tick. set Fi xedVal ues(w _val s, w _val sM nor)

# Create strings fromvalues to act as tick |abels.
svals = ["% 1f" % for v in vals]

xaux| ab. fi xedStrings = svals

Thisisthe resulting plot:

T _l
Wavenumber (cm™)
- 0.0 4000 30.0 20.0
5.0 107 T T T T

5.0 10"

F, (Jy)
|||||T||||

0.0

- 4 1 1 1 1 | 1111 | 11 1 1 | | | | | I | | 111 1 | 111 | | 1 1 1
-5.0 10 L L - - L
100 200 300 400 500 600 700

Wavelength (pm)

®

0

Figure 3.6. Plot with a customised auxiliary axis.

There is an easy way to construct the auxiliary axis if it is reciprocal to the main axis. Continuing
from the end of step one, you can show the frequency in GHz, which is c/wavelength, where c isthe
speed of light in vacuum:

Cc = 299792458.0 # m's

xaux = Reci procal AuxAxi s(1. Oe-3*c)
nmyPl ot . get Xaxi s() . renmveAuxAxi s(0)
nmyPl ot . get Xaxi s() . addAuxAxi s( xaux)
xaux. set Titl eText ("Frequency (GHz)")
xaux. get Ti ck() . set M nor Nunber (4)

Thisway theticks are automatically adjusted. The argument of Reci pr ocal AuxAxi s isthefactor
used to convert from the main axis with its unit to the auxiliary axis and its unit. That is: 1 GHz =
(1.0e-3*c)/um.
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3.16.

3.17.

Changing the thickness of axes

The following example shows how to change the thickness of the X axis of a plot called nyPl ot .
Thefirst two commands set the thickness of the main X axis and of itsticks to three pixels. The third
and fourth commands do the same for the auxiliary X axis.

myPl ot . xaxi s. set Li neW dt h( 3)

myPl ot . xaxi s. get Ti ck() . set Li neW dt h( 3)

myPl ot . xaxi s. get AuxAxi s(0) . set Li neW dt h(3)

myPl ot . xaxi s. get AuxAxi s(0). get Ti ck().setLi neWdth(3)

Y ou can do the same for the main and auxiliary Y axes by replacing xaxi s withyaxi s.

Adding error bars

To add vertical and/or horizontal error bars, you first need to create arrays containing the error values,
as shown by the following example:

# Creating arrays with error val ues
xerr = SQRT(Xx)

yerrup = SQRT(y)

yerrlow = SQRT(y) / 2.0

# Setting error bars
nmyLayer.errorX = [xerr, xerr] # Setting the left and right error val ues
nmyLayer.errorY = [yerrlow, yerrup] # Setting the |ower and upper error val ues

Note how, in the previous example, the error values at each side of the data points are the same for
horizontal error bars but different for vertical error bars.

The arrays containing the error values do not need to be the same size asthe arrays containing the data
points. If there are more errors values than data points, the surplus error values are ignored. If there
are fewer error values than data points, no error is set for the surplus data points.

In the latter case, you can add error values to the ones already set:

# Creating dummy additional error val ues
xerraddl eft = Doubl eld([0.3, 0.8])
xerraddri ght = Doubl eld([0.7, 0.4])
yerradd = Doubl eld([0.7, 0.2])

# Appending error bars

nmyLayer . appendError X( xerraddl eft, xerraddright)
nmyLayer . appendError Y(yerradd, yerradd)

Procedure 3.11. Methods for handling error barsin layers. See Section 3.29 for the conventions used in
thistable.

1. appendError X(doubl e | ow, doubl e hi gh)

nylLayer . appendError X(1.2, 0.6)
Example 3.85. Appends alow and high error value of x.

2. appendError X(OrderedldData | ow, OrderedldData high)

| owErrors = Doubl eld([1.2, 1.4, 0.9])
hi ghErrors = Doubl eld([0.6, 1.1, 0.4])
nyLayer . appendError X(| owErrors, highErrors)

Example 3.86. Appends a set of low and high error values of x.
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3. setErrorX(OrderedldData [] error)

errors = Doubl eld([1.2, 1.4, 0.9])
# Java style

nyLayer . set Error X(errors)

# Jython style

nmyLayer.errorX = errors

Example 3.87. Setslow and high error values of x.
4. setError X(OrderedldData | ow, OrderedldData high)

| owErrors = Doubl eld([1.2, 1.4, 0.9])
hi ghErrors = Doubl eld([0.6, 1.1, 0.4])
nyLayer . set Error X(| owErrors, highErrors)

Example 3.88. Setsthelow and high error values of x.

5. getErrorX()

# Java style

print myLayer. get Error X()
# Jython style

print mylLayer.errorX

Example 3.89. Returnsan array of OrderedldData with length equal to 2.

3.18. Switching to histogram mode

The following example shows how to changethe myLayer layer to histogram mode. Y ou need
to bein MARKED or SOLID line style for this mode to work:

myLayer.line = Styl e. MARKED
nmyLayer. styl e. chart Type = Styl e. H STOGRAM

Three chart types are available:
e Hl STOGRAM: the data point isin the middle of the histogram horizontal bar.
* H STOGRAM EDCE : the data point is on the edge of the histogram horizontal bar.

» LI NECHART : the data points are connected with lines (default setting).

45 e e e ey 45 preereeee RAAARREARERasRIREELEEICE S RBAR=

a0 /\ - 40 =

35 f

Figure 3.7. The same data set plotted asLINECHART (default) and HISTOGRAM.

To produce data sets for histogram plots you can usethe H st ogr amand Bi nCent r es functions
of the HIPE Numeric library. For more information and examples see the corresponding entriesin the
User's Reference Manual :

e Section 1.184 in HCSS User's Reference Manual
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» Section 1.37 in HCSS User's Reference Manual

3.19. Adding subplots

Y ou can draw asmaller plot inside your main plot, as shown by the following example. The example
also shows how to change the axis ranges of the subplot:

Setting up dummy data

10000

(Doubl eld. range(n) +1)/ (n/ 100)
SIN(x) / x

#
n
X
y
#

Creating main plot

myPl ot = Pl ot XY()

# You have to follow this additional step for a plot to accept subplots.
myPl ot . set Layout ( Pl ot Overl ayLayout ())

myLayer 0 = Layer XY(X,Y)
myPl ot . addLayer ( myLayer 0)

Creating and addi ng subpl ot

Here you define the area occupi ed by the subplot. The four nunbers are
the di stances of the subplot boundaries fromthe top, |eft, bottom and right
axes of the main plot, respectively. The units are the I engths of the main
pl ot axes. In this exanple, the top boundary of the subplot is separated
fromthe top axis of the main plot by 0.05 tines the Iength of the
vertical axis of the main plot. Run the exanple with different val ues

to get a feel for the effects of these val ues.

mySubpl ot = SubPl ot ( SubPl ot BoundsConstrai nts(0.05, 0.4, 0.5, 0.07))

myLayer1l = Layer XY(X, VY)

# You add |layers to a subplot in the sane way as to a plot.

mySubpl ot . addLayer (nyLayer 1)

myPl ot . addSubPI ot ( nySubpl ot)

HHHHHHHH

# Modi fyi ng axi s ranges
# You cannot access axes directly fromthe subplot. You have to get them

# through a layer. This is why this line and the foll owi ng one use baselLayer XY
# to get the first layer in the subplot. Then you can set the range property to
# change the axi s range.

mySubpl ot . baselLayer XY. xaxi s. range
mySubpl ot . baselLayer XY. yaxi s. range

[0, 100]
[-0.2, 0.2]

Example 3.90. How to add and customise a subplot inside a main plot.

The following figure shows the plot created by the previous example:

1.2 |||||||||||||||||||||||||||||||'||||||||||||||||||||||||||||

0.2 TT T[T T T[T T T[T TT 177
0.1
0.0
-0.1

_(]-2_II|III|III|III|IIIE
0 20 40 60 80 100

1.0

0.8

y axis

0.6

X axis

0.4

y axis

0.2

0.0

-0.2

_(J.‘;lIIII|IIII|IIII|IIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII
=10 0 10 20 30 40 50 60 70 80 950 100 110

X axis

Figure 3.8. Plot with embedded subplot.
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If you open the properties panel of the plot (see Section 3.6 ) you will see a Subplot 1 entry, from
which you can change the properties of the subplot.

Since subplots use layers just like main plots, al the methods described in Section 3.4 also apply to
subplots. Subplotsalso accept all the methodsfor colours, fontsand visibility described in Section 3.26

3.20. Embedding monochromatic images in
plots

There are several steps required in order to add an image to a plot. First, you should not usea Si m
pl el mage butthei mage dataset (or extension) insideaSi npl el mage. Thisisatwo-dimensional
array likeaFl oat 2d:

pl otl mage = nyl mage.i mage # nylmage is a Sinpl el mage
myLayer = Layerl|nmage(nyl nage) # G ves an error
myLayer = Layer|nmage(plotlnmage) # Correct

Asthe WCS data stored in the Si npl el nage object is not yet in the layer along with the dataset,
you should now transfer it. Please note that if the source data do not use a cylindrical projection you
should manually correct it (see the warning below):

wes = nyl mage. wes # Extracting the WCS from the Sinpl el nage

crpi x1 = wes. crpi x1
crpi x2 = wes. crpi x2
crvall = wes.crval 1
crval 2 = wes. crval 2
cdeltl = wes. cdeltl
cdelt2 = wes. cdel t2
naxi sl = wcs. naxi sl
naxi s2 = wcs. naxi s2

cosd = Mat h. cos(Mat h. t oRadi ans(crval 2))

# Set the origin and the scale of the axes so that they coincide with the WS
nyLayer . xcdel t cdel t 1/ cosd

nyLayer . ycdel t cdel t 2
nyLayer. xcrpi x = crpix1
nyLayer.ycrpi x = crpix2
nyLayer. xcrval = crvall
nyLayer.ycrval = crval 2
Warning
O Layer | nage assumesacylindrical projection, where moving up/down changes only the

declination, and moving left/right changes only the right ascension. This is not the case
in area map which should have a gnomonic projection ("TAN"). For small images, the
gnomonic projection is approximately cylindrical.

Layer | mage assumestheimageis small, and that a cylindrical approximation isvalid.
This causes differences in the world coordinates of pixels far from the reference pixel in
large maps

Thefollowing example shows aworkaround to ensure the projectionis correct at thetarget
position:

# Convert source coordinates (raNomi nal, decNominal) to pixe
# coordi nates using the input nmap
xNom nal = i nput Map. wcs. get Pi xel Coor di nat es(raNom nal, decNomi nal)

[1]
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3.21

yNom nal = input Map. wcs. get Pi xel Coor di nat es(raNom nal , decNom nal )

(0]

# Set up the Layerl nage:
myPl ot = Pl ot XY()
myPl ot . addLayer ( Layer | mage(i nput Map. i nage) )

# Set the origin and the scale of the axes so they coincide with
# the WCS of the input inmage, anending the centre with the new
# reference coordi nates

myPl ot [ 0] . xcdel t = i nput Map. wes. cdel t 1/
COS(decNomi nal *Mat h. Pl / 180.)
myPl ot [ 0] . ycdelt = i nput Map. wes. cdel t 2

myPl ot [ 0] . xcr pi x xNomi nal +1

myPl ot [ 0] . ycrpi x = yNoni nal +1
myPl ot [ 0] . xcrval = raNom nal
myPl ot[0] . ycrval = decNom nal

The following example shows how to set the colour and intensity tables:

# Set the colour table

nmyLayer. col or Tabl e = " Ranp"

# Print avail abl e values for the col our table
print nyLayer. styl e. get Col or Tabl eNanes()

# Set the intensity table

nyLayer.intensityTabl e = "Negative"

# Print available values for the intensity table
print nylLayer.style.getlntensityTabl eNanmes()

Finaly, add the Layer | nage object withi mage and wes information to a plot:

myLayer = Layer| nage(pl ot | mage)
nmyPl ot . addLayer (myLayer)

See also Section 3.30 for an example script in which an image from a Herschel observation is used
to create aplot.

Embedding RGB images in plots

To add an RGB image to a plot, add a Layer Rgbl mage layer, like you would do with a normal
Layer XY:

myLayer = Layer Rgbl mage(redl mage, greenl mage, bl uel nage)
nmyPl ot . addLayer (myLayer)

Each of the three imagesyou haveto passtoalLayer Rgbl mage isnot aSi npl el nage but atwo-
dimensional Numeric array such as Fl oat 2d . You can extract the three components of an Rgb-
Si npl el nage in the correct format as follows:

red = nyRgbl nage. r edByt el nage
green = nyRgbl nage. gr eenByt el nage
bl ue = nmyRgbl mage. bl ueByt el mage

Thefollowing example creates a plot with an RGB image obtained from public Herschel archive data.

The script connects to the Herschel Science Archive to retrieve data, so you must be connected to
the Internet and logged in. For more information on logging in to the Herschel Science Archive, see
Section 1.4.1 .

fromjava.awt inport Col or
fromjava.lang inport Mth
from herschel .ia.gui.plot inport LayerRgbl nage
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# Get a public SPI RE observation
myobs = get Cbservati on(obsi d=1342183475, useHsa=Tr ue)

# Extract the PSW (250um band) map
map = nyobs. br owsePr oduct

# Extract the image array and the WCS
red = map["red"].data

green = nmap["green"].data

bl ue = map["bl ue"].data

WCS = map. Wes

# Extract sone information fromthe WS

cdeltl = wes. cdeltl
cdelt2 = wes. cdel t2
crpi x1 = wes. crpi x1
Crpi X2 = wcs. crpi x2
crvall = wes.crval 1
crval 2 = wes. crval 2
naxi sl = wcs. naxi sl
naxi s2 = wcs. naxi s2

cosd = Mat h. cos(Mat h. t oRadi ans(crval 2))

# Create the layer with the imge
layl ma = Layer Rgbl nage(red, green, bl ue)

# Set the origin and the scale of the axes
# so that they coincide with the WCS

# Note that you cannot rotate the image

| ayl ma. xcdel t cdel t 1/ cosd

| ayl ma. ycdel t cdelt2
I ayl ma. xcrpi x = crpix1
| ayl ma. ycrpi x = crpix2
| ayl ma. xcrval = crvall
| ayl ma. ycrval = crval 2

# Create a plot
myPl ot = Pl ot XY()

# Add the image |ayer to the plot
myPl ot . addLayer (| ayl ma)

# Change the axis type to have ticks in degrees, mn, sec
myPl ot . xaxi s.type = Axi s. Rl GHT_ASCENSI ON

myPl ot . yaxi s.type = Axi s. DECLI NATI ON

myPl ot . xaxis.titleText "Ri ght Ascension (J2000)"

myPl ot . yaxis.titleText "Decl ination (J2000)"

I 1 »

# Set the axes ranges so that the image fills

# the plotting area

myPl ot . xrange = [crval 1-(crpi x1-0.5)*cdel t 1/ cosd, \
crval 1- (crpi x1- naxi s1-0. 5) *cdel t 1/ cosd]

myPl ot . yrange = [crval 2-(crpi x2-0.5)*cdelt2,\
crval 2- (crpi x2-naxi s2-0. 5) *cdel t 2]

# Change the size of the plotting area so that inmage pixels

# are as on the sky
myPl ot . set Pl ot Si ze(4. 0, 4. 0*(naxi s2*-cdel t 2)/ (naxi sl*cdel t 1))

Example 3.91. How to manually combine three bands to create an RGB image, respecting WCS informa-
tion.

The following image shows the plot produced by the script:
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Figure 3.9. RGB imagein a plot.

3.22. Inserting math and special symbols

Y ou can use TeX-likeformatting of stringsin plots. In particular, entering math mode using a$ symbol
it is possible to insert Greek characters, for instance using \ \ al pha or \ \ bet a . Superscripts are
preceded by the » symbol and subscripts by the _ symbol. For example, the following two lines set
the labels of the two axes:

nyPl ot. xaxis.title. text="$A {1.3}"{b-3/2}3$"
nyPlot.yaxis.title. text="$\\al pha_{1.3}*{\\bet a-3/2}$"

The following figure shows the resulting plot:

Herschel PlotxXy

110 e [ e e e
100 £
90 =
80
0E

60 E—

B-3/2
13
I

o
=
T

Figure 3.10. Using special charactersfor labels.

Notethat it isnecessary to use"\\" to escapethe"\" symbol fromthe command line. A single backslash
should be used in the Property Panel window instead.
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3.23

3.24.

Warning
O Not al special symbols are available. If the symbol is not available it will be treated as
normal text by the interpreter. For example, $\ \ Al pha$ will be rendered as\Alpha .

The following specia symbols are available:
» All the lower-case Greek |etters.

e The following upper-case Greek letters: \ Gamma, \Delta, \Theta, \Lanbda, \X,
\Pi, \Sigm, \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 is the
hexadecimal code of the symbol. For example, \ u2299 correspondsto the circle dot operator , which
can also be used as symbol for the Sun.

For alist of Unicode sequences see for example http://www.utf8-chartable.de/ .

Creating a plot in batch mode

HIPE tries to batch automatically plot statements to obtain the best performance. There is nothing to
be configured or specified to take advantage of this. If you have a script like the one below, written
for older versions of HIPE, you should remove the . bat ch assignments to avoid warning messages
like this:

WARNI NG herschel .ia. gui.plot.PlotXY.setBatch is deprecated. This nethod has no
effect. Please renove it.

X = Intld([1,2,3])

X1 =x2 =x3 =y =yl =y2 =y3 =X
myPl ot = Pl ot XY()

myPl ot. batch = 1

myLayer1l = Layer XY(X,Y)
myLayer2 = Layer XY(x1, y1)
myLayer 3 = Layer XY(x2, y2)

myLayer4 = Layer XY(x3,y3)

myPl ot . addLayer (nyLayer1, 0, 0)
myPl ot . addLayer (nyLayer2, 0, 1)
myPl ot . addLayer (nyLayer3, 1, 0)
myPl ot . addLayer (nyLayer4, 1, 1)

myPl ot . batch = 0
del (x, y, x1, yl1, x2, y2, x3, y3)

Example 3.92. Batching several plotsto improve speed.

Drawing multiple plots per window

When you add layersto aplot, you can specify their position on agrid. The following example places
four layers onto a 2x2 grid (running indicesfrom 0, 0 to 1, 1).

x = Int1d([1, 2, 3])
x1 =y =yl =X
nyPl ot = Pl ot XY()

nyLayer1l = Layer XY(X,Y)
nyLayer2 = Layer XY(x1, y1)
nyLayer 3 = Layer XY(x1, y1/5.0)

nyLayer4 = Layer XY(x1/5.0, y1)

nyPl ot . addLayer (nyLayer1, 0, 0) # top left
nyPl ot . addLayer (nyLayer2, 0, 1) # bottom|eft
nyPl ot . addLayer (nyLayer3, 1, 0) # top right
nyPl ot . addLayer (nyLayer4, 1, 1) # bottomright
del (x, y, x1, yil)

Example 3.93. Distributing layersinside a main plot.
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3.25

3.26

Y ou can change the properties of layers viathe Property Panel window or viathe command line. See
Section 3.4 for details.

See also Section 3.32 for an example of creating a plot with multiple panels.

Colours in plots

You can set colours for al the main plot components (layers, axes, titles and so on). You specify
colours as objects of typej ava. awt . Col or (notethe US spelling of Col or ).

Y ou can set a colour when you create a component or afterwards:

# At creation tine

myLayer = Layer XY(x, y, color=java.aw . Col or. orange)
# Setting on existing conponent

myLayer.color = java.awt.Col or.red

The following thirteen predefined colours are available:
* bl ack

* bl ue

* cyan

» darkG ay

° gray

e green

o lightGay

* nagent a

e orange

e pink

* red

* white

* yell ow

Y ou can get any other colour by specifying the red, green and blue values in ranges from 0 to 255:

myLayer. col or = java. awt . Col or (0, 250, 20)

Youcanadd ani nport statement to avoid writingthej ava. awt . prefix every time:

# Witing the prefix

myLayer.color = java.awt.Col or.red
# I nmporting the Col or class
fromjava.aw inport Col or

# Prefix no | onger needed
myLayer. col or = Col or.red

Methods for colours, fonts and visibility

The methodsin the following table apply to all main components of a plot: the plot itself, layers, axes,
titles, annotations and subplots. Ticks (Axi sTi ck class) only implement set Vi si bl e, although
tick labels (Axi sTi ckLabel class) implement al these methods.
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Procedure 3.12. Common methodsto customise colours, fonts and visibility. See Section 3.29 for the con-
ventionsused in thistable.

1. setVisible(bool ean visible)

# Java style

nyAxi s. set Vi si bl e( True)
# Jython style

nyAxi s. vi si ble = True

Example 3.94. Sets whether the component isvisible.

2. setCol or (Col or color)

# Java style

nmyAnnot at i on. set Col or (j ava. awt . Col or . r ed)
# Jython style

nyAnnot ati on. col or = java. awt. Col or.red

Example 3.95. Setsthe foreground colour of the component.

3. setFont (Font font)

nyFont = java.aw.Font("Arial", java.awt.Font.PLAIN, 15)
# Java style

nyLabel . set Font (myFont)

# Jython style

nyLabel . font = myFont

Example 3.96. Sets the font of the component. You can specify a font by giving a name, style and
point size. Available font stylesare PLAIN , BOLD and ITALIC . You can also use the numbers 0,
1and 2, respectively.

4. setFont Nanme(String namne)

# Java style

nyTi tl e. set Font Name(" Courier")
# Jython style
nyTitle.fontName = "Courier"

Example 3.97. Setsthe name of the font of the component.

5. setFont Size(fl oat size)

# Java style

nyAnnot at i on. set Font Si ze(12)
# Jython style

nyAnnot ati on. font Si ze = 12

Example 3.98. Setsthe size of the font of the component.

6. setFontStyle(int style)

# Java style
nyAnnot at i on. set Font Styl e(j ava. awt . Font. BOLD) # Nane
nyAnnot ati on. set Font Styl e(1) # Nunber

# Jython style

nyAnnot ati on. font Styl e
nyAnnot ati on. font Styl e

java.awt . Font. BOLD # Nane
1

Example 3.99. Setsthe style of the font of the component. Possible values are PLAIN , BOLD and
ITALIC . You can also usethe numbers0, 1 and 2, respectively.

3.27. Invisible plots
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3.28

3.29

You can create a plot without showing it on screen. This is useful if you want to show the plot at a
later time, or if you just want to saveit tofile.

Create the plot with a single command, setting the vi si bl e attribute to zero:

# Create plot data

x = Doubl eld(range(100))/10.0

y X* X

# Create the plot

nyPlot = PlotXY(x, y, titleText = "Invisible plot", visible = 0)

Example 3.100. Creating a plot that isnot drawn on the screen.

The plot window will briefly flash and then disappear. To make the plot visible use the following
command:

nyPlot.visible = 1

Note

@ If you create an empty invisible plot, the plot window may be shown even if the plot itself
remains invisible. To make the window disappear, set the vi si bl e attribute to 1 and
then back to 0.

Getting mouse coordinates on plots

Y ou can obtain the coordinates of mouse clicks on your plots, in units of the x and y axes. Use the
get Coor ds method to obtain the exact coordinates of mouse clicks:

coords = nyPl ot. get Coords(3)

The above example getsthe coordinates of the next three clickson plot my Pl ot and storestheminthe
coor ds variable. Note that you have to do the mouse clicks before you can issue other commands
in the Console view of HIPE.

Y ou can then store the x and y coordinates of the mouse clicksinto two arrays:

xcoor ds
ycoor ds

Doubl eld(coords[0])
Doubl eld(coords[1])

Theget Dat aCoor ds method getsthe coordinates of the data point nearest to the mouse click, rather
than the coordinates of the mouse click itself:

coords = nyPl ot. get Dat aCoor ds( 3)

Y ou can then obtain two arrays of x and y coordinates as with the get Coor ds method.

More on plot methods

Given the size and complexity of the plot package, not all the available commands are described in
this chapter. For a complete list please refer to the related Javadoc documentation for the  her -
schel . i a.gui.plot package.

Thetables in this chapter follow these conventions:

* When amethod with " X" inits name is listed, there is also a method with " Y ", doing the same
thing for the Y axis, unless specified otherwise . For example, thereisaset Yti t| e method in
additiontoset Xtitle.

» Methodswhose name beginswith set are called settersand are used to set avalue. For every setter
there is usually a getter , a method whose name begins with get and whose job is to retrieve a
value. The tables only list setters; for every setter it isimplicit that a getter exists, unless specified

128


../../hcss_drm/api/herschel/ia/gui/plot/package-summary.html

Plotting Build 15.0.3244

otherwise . A getter is called without input parameters and itsreturn valueis of the sametype asthe
input parameter of the corresponding setter. For example, the set Xaxi s( Axi s axi s) setter
has a corresponding get Xaxi s() getter returning an object of class Axi s .

» When asetter method takes aboolean variable asargument (that is, avariablewith only two possible
values, Tr ue or Fal se), the corresponding getter begins by i s rather than get . For instance,
set Vi si bl eandi sVi si bl e, notget Vi si bl e.

* Getter and setter Java methods have a simplified syntax in Jython. This syntax was used in all the
examplesin this chapter and is shown by the following example:

nmyLayer . set Col or (j ava. awt . Col or. RED) # Java style for setter
myLayer.color = java.awt.Color.RED # Sinplified Jython style for setter
myCol or = nylLayer.getColor() # Java style for getter

my Col or myLayer.color # Sinplified Jython style for getter

Commands written in Javaor Jython style have the same effect. Which style you choose is amatter
of personal preference.

» The name of a method can offer useful clues about its behaviour. For example, the method set -
Sonet hi ng will replace the preexisting Something, while appendSonet hi ng or addSone-
t hi ng will add SomethingElse to the existing Something.

» Methodswith the same name as aclass are called constructors and are used to create an object from

that class. For example, using the PI ot XY() constructor to createa myPl ot  object from the
Pl ot XY class:

nmyPl ot = Pl ot XY()

For moreinformation on classes and methods see the Scripting Guide : Section 1.29in Scripting Guide

The following image shows the classes you are most likely to use when designing plots on the com-

mand line.
PlotXy PlotTitle
B» Herschel PIotxy -Tolx|
®
Example plot gubPlot
Made of two subplots ——
R L L L s L AN R RAR RARE g RRRRRRIRRASRRRRRRRERRE .l....l....l....:.
100 F = nE _ =
an £ . = 20f / /3
a0 A}[_lS 3 15F { .4" =
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g 50 . . S =5 0 — - —
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PlotLegend Annotation

Figure 3.11. Classesinvolved in plot operations.

3.30. Worked example: Plot with an image
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The following is a commented example of how to produce a plot of an image taken from a public
Herschel observation. Many features of the plot package areillustrated, including advanced axes cus-
tomisation, annotations, subplots and a technique to add contour levels.

Note
S For asimplified script that makes use of the Di spl ay class from the herschel.ia.gui.im-
age package, please see below this script.

The script connects to the Herschel Science Archive to retrieve data, so you must be connected to
the Internet and logged in. For more information on logging in to the Herschel Science Archive, see
Section 1.4.1 .

The following image shows the plot produced by the script:

0.25

~66°20°00" 0.20
S enerr
& -66°25'00 015 —
5 z
[g] Y
D J
= -66°30°00” =
= 010
= s
z ><
= -66°35700" =
b 0.05
A

~66°40°00"

0.00

-66745'00"

-0.05

13h56m00s  13h55m00s  13h54m00s 13h53m00s  13h52m00s

Right Ascension (J2000)

Figure 3.12. Theresult of the commented plot example presented in this section.

Advanced exanpl e script to show how to display inmages in PlotXY.

This script shows how to produce a "publication-ready" figure of a Herschel map.
Run in H PE 8 or newer.

Aut hor: Pasqual e Panuzzo, CEA Saclay Irfu/ SAp
pasqual e. panuzzo@ea. fr

Version: 9 June 2011

HHHHHFHHE R

# I nport sone useful classes

fromjava.awt inport Col or

fromjava.lang inport Mth

from herschel . share. fltdyn. math i nport Sexagesi mal For natter

from herschel . share. fl tdyn. mat h. Sexagesi mal Fornmatter inport Mde

# Get a public SPIRE observation
nyobs=get Cbservati on(1342183475L, useHsa=True)

# Extract the PSW (250 pm band) nmap
map=nyobs. | evel 2. ref s[ " psrcPSW]. product

# Extract the inmage data
i mage=map. i mage

# Create the layer with the inage
| ayl ma=Layer | mage(i mage)

# Create a Pl ot XY obj ect
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my Pl ot =PI ot XY()

# Add t he

imge |ayer to the plot

myPl ot . addLayer (| ayl ma)

#### Coor di nat es ####

bef or

trans
are n

HHFHFHHFHHFHHFHHFHF R

# Extract the WCS of the map and put sone WCS info into variabl es

wcs=nmap. Wc

crpi x1=wcs

Cr pi X2=wcs.

crval 1=wcs.
crval 2=wcs.

cdel t 1=wcs.
cdel t 2=wcs.

naxi sl=wcs.
naxi s2=wcs.

# cos(Dec)

The i mage will
corner of the inmage pixel

Pl ease note:
1) Pl ot XY CANNOT rotate the image,
is not aligned with the North on RA and Dec axis,

so if you need to plot a map that

size of 1x1.

be plotted in a reference systemwi th origin in the |ower-|eft
[0,0] and with pixel

It is possible to change the position of the inmage respect to the Pl ot XY axes
and change the pixel size, so that the PlotXY axes w |l
Ri ght Ascension and the Declination coordinates.

The Layer | mage provi des nmethods to set the position of the inage and the
pi xel size with a systemsimlar to the FITS WCS.

need to rotate it

e plotting it. In this script we assunme that the map is aligned with

the North.

S

.crpixl
crpi x2

crval 1
crval 2

cdelt1
cdel t 2

naxi sl
naxi s2

2) The Pl ot XY axis system assunes that coordinates are a |inear
formation of pixel coordinates.
ot fully correct in sone projections.
angl es near the projection reference.

cosd=Mat h. cos( Mat h. t oRadi ans(crval 2))

# Set the
myPl ot [ 0] .
myPl ot [ 0] .

myPl ot [ 0] .
myPl ot [ 0] .

myPl ot [ 0] .
myPl ot [ 0] .

# Change the axis type so that we have ticks in degrees/hours,

So coordi nates on the plotted axes
They are correct only for snall

origin and the scale of the axes so that they coincide with the WCS.

xcdel t =cdel t 1/ cosd # note the cos(Dec)!!!

ycdel t =cdel t 2

XCr pi x=cr pi x1
ycr pi x=cr pi x2

xcrval =crval 1
ycrval =crval 2

# and the RA growing toward the left.
i s.type=Axi s. Rl GHT_ASCENSI ON

myPl ot . xax
myPl ot . yax
myPl ot . xax
myPl ot . yax
# Adj ust t
myPl ot . xax
myPl ot . xax
myPl ot . xax
myPl ot . xax
myPl ot . xax
myPl ot . xax
myPl ot . yax
myPl ot . yax
myPl ot . yax

i s.type=Axis. DECLI NATI ON

is.titleText="R ght Ascension (J2000)"
is.titleText="Declination (J2000)"

icks to be nicer
i
i
i
i
i
i
i
i
i

.tick. nunber =5
.tick.m nor Nunber =3

.tick. nunber =5
.tick.m nor Nunber =3

nnnnuonuonononon

.tick. aut oAdj ust Nunber =0

. get AuxAxi s(0).tick. aut oAdj ust Nunber =0
. get AuxAxi s(0).tick. nunmber =5

. get AuxAxi s(0).tick.m nor Nunber =3
.tick. aut oAdj ust Nunber =0

sec
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myPl ot . yaxi s. get AuxAxi s(0).ti ck. aut oAdj ust Nunber =0
myPl ot . yaxi s. get AuxAxi s(0).ti ck. nunber =5
myPl ot . yaxi s. get AuxAxi s(0).tick. m nor Nunber =3

# Set the axes ranges so that the image fills conpletely the plotting area
xrange=[ crval 1- (crpi x1-0. 5) *cdel t 1/ cosd, \
crval 1- (crpi x1- naxi s1- 0. 5) *cdel t 1/ cosd]
nyPl ot . xr ange=xr ange
yrange=[ crval 2- (crpi x2-0.5) *cdel t 2,\
crval 2- (crpi x2-naxi s2-0. 5) *cdel t 2]
nyPl ot . yr ange=yr ange

# Change the size of the plotting area so that proportions are as on the sky
myPl ot . set Pl ot Si ze(4. 0, 4. 0*(naxi s2*-cdel t 2)/ (naxi sl*cdel t 1))

#### Col ours and intensity mani pul ati on ####

# Set the colour table to have a grey inage and the intensity table to have
# sources in black and enpty sky in white

myPl ot [ 0] . col or Tabl e=" Ranp"

myPl ot [ 0] . i ntensi tyTabl e="Negati ve"

# Set the intensity range
hi ghCut =0. 25

| owCut =- 0. 05

myPl ot [ 0] . hi ghCut =hi ghCut
myPl ot [ 0] . | owCut =l owCut

#### Coordi nate grid ####

# We can draw a coordinate grid on the inmage. PlotXY doesn't provide a built-in
# way to generate a coordinate grid, so we need to conpute in the script the
# positions of a nunber of neridians and parallels and draw them as Layer XY.

# Parallels every 5, neridians every 1'
del t aDec=5. 0/ 60. 0
del t aRa=1. 0*15. 0/ 60. 0

# Conpute the nearest parallel and neridian to the projection center
decCent er =(Mat h. round( crval 2/ del t aDec) ) *del t aDec
raCent er =(Mat h. round(crval 1/ del t aRa) ) *del t aRa

# Estimate how many parallels and neridians shall be drawn on each side
ndec=I nt eger (Mat h. round( (yrange[ 1] - yrange[ 0] )/ del taDec)) . i nt Val ue()
ndec=1+ndec/ 2

nra=| nt eger ( Mat h. round( (xr ange[ 0] - xrange[ 1] )/ del t aRa) ) . i nt Val ue()
nra=1+nral 2

# Draw parallels

dd=10
nn=(2*nra) *dd+1
for i in range(2*ndec+1):

# Coordinates of parallels in the sky coordinates
raPar a=r aCent er +( Fl oat 1d. r ange( nn) - nr a*dd) *del t aRa/ dd
decPar a=Fl oat 1d( nn) +decCent er +(i - ndec) *del t aDec
# Coordinates of parallels in the pixels coordinates
xpi xPar a=Fl oat 1d( nn)
ypi xPar a=Fl oat 1d( nn)
for j in range(nn)
ypi xPara[j], xpi xPara[j] =wcs. get Pi xel Coordi nates(raPara[j],decPara[j])
pass
# Coordinates of parallels in the plot axes coordi nates
xpl ot Par a=(xpi xPar a- cr pi x1+1. 0) *cdel t 1/ cosd+crval 1
ypl ot Par a=(ypi xPar a- cr pi x2+1. 0) *cdel t 2+crval 2
| ayPar a=Layer XY( xpl ot Par a, ypl ot Par a, col or =Col or. red, stroke=1)
myPl ot . addLayer (| ayPar a)
pass

# Draw neridi ans
nn=( 2*ndec) *dd+1
for i in range(2*nra+l):
raMeri =Fl oat 1d( nn) +raCent er +(i - nra) *del t aRa
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decMeri =decCent er +( Fl oat 1d. r ange( nn) - ndec*dd) *del t aDec/ dd
xpi xMer i =FI oat 1d( nn)
ypi xMer i =Fl oat 1d( nn)
for j in range(nn):
ypi xMeri[j], xpi xMeri[j]=wcs. get Pi xel Coordi nates(raMeri[j],decMeri[j])
pass
xpl ot Meri =(xpi xMeri -crpi x1+1. 0)*cdel t 1/ cosd+crval 1
ypl ot Meri =(ypi xMeri -crpi x2+1. 0) *cdel t 2+crval 2
| ayMeri =Layer XY( xpl ot Meri , ypl ot Meri, col or=Col or.red, stroke=1)
myPl ot . addLayer (| ayMeri)

pass
# We can note now that mneridians and parallels don't cross the axes exactly

# at the ticks positions. That's because axes are linear with respect to pixels,
# whil e sky coordinates are not (with the exception of some projections).

#

# We want now put ticks to coincide with nmeridians and parallels. To do this

# we need to conpute the plot coordi nates where neridians and parallels cross

# the plot axes; we will inpose these positions as tick |ocations and we wil|l

# set the correct |abels.

# Setting up formatters for Ri ght Ascension and Declination
format _ra = Sexagesi mal For matt er ( Mbde. RA_HVS_LOVER)

format _ra.decimals = 0

format _dec = Sexagesi mal For matt er (Mbde. DEC_DMS_SYMBCL)
format _dec. decimals = 0

# Conpute again the location of parallels and find where they cross the Y axes
nn=(2*nra) *dd+1
ycr ossPar a0O=Doubl eld(2*ndec+1, Fl oat . NaN)
ycr ossPar al=Doubl eld(2*ndec+1, Fl oat . NaN)
decCross=Stringld(2*ndec+1)
for i in range(2*ndec+1):
raPar a=r aCent er +( Fl oat 1d. r ange( nn) - nr a*dd) *del t aRa/ dd
decPar a=Fl oat 1d( nn) +decCent er +(i - ndec) *del t aDec
decCross[i] =format_dec. f or mat Degr ees(decCent er +(i - ndec) *del t aDec)
xpi xPar a=Fl oat 1d( nn)
ypi xPar a=Fl oat 1d( nn)
for j in range(nn):
ypi xPara[j], xpi xPara[j] =wcs. get Pi xel Coordi nates(raPara[j],decPara[j])
pass
xpl ot Par a=(xpi xPar a- cr pi x1+1. 0) *cdel t 1/ cosd+crval 1
ypl ot Par a=(ypi xPar a- cr pi x2+1. 0) *cdel t 2+crval 2
xpl ot Par a0=xpl ot Par a- xr ange[ 0]
xpl ot Par al=xpl ot Par a- xr ange[ 1]
for j in range(nn-1):
i f xplotParaO[j]*xpl otPara0O[j+1] <= 0.0:
ycrossParaO[i]=(ypl ot Para[j]*xpl ot ParaO[ j +1] - ypl ot Par a[ j
+1] *xpl ot ParaO[j])/ \
(xpl ot Par aO[ j +1] - xpl ot ParaO[j])
if xplotParal[j]*xplotParal[j+1] <= 0.0:
ycrossParal[i]=(ypl ot Para[j]*xpl ot Paral[j +1] - ypl ot Para[ j
+1] *xpl ot Paral[j])/ \
(xpl ot Paral[j +1] - xpl ot Paral[j])
pass

iii0=ycrossPara0.where(lS_FI N TE(ycrossPar a0))
iiil=ycrossPara0.where(lS_FIN TE(ycrossParal))

myPl ot . yaxi s. tick. set Fi xedVal ues(ycrossParaO[iii0])

myPl ot . yaxi s.tick.label.fixedStrings=decCross[iiiO].toArray()
myPl ot . yaxi s. get AuxAxi s(0).tick. set Fi xedVal ues(ycrossParal[iiil])

# Renove minor ticks
myPl ot . yaxi s. ti ck. m nor Nunber =0
myPl ot . yaxi s. get AuxAxi s(0).tick. m nor Nunber =0

# Conmpute the location of neridians and find where they cross the X axes
nn=( 2*ndec) *dd+1

xcrossMeri 0=Doubl eld(2*nra+1, Doubl e. NaN)

xcrossMeri 1=Doubl eld(2*nra+1, Doubl e. NaN)
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raCross=Stringld(2*nra+l)

for

in range(2*nra+l):

raMeri =Fl oat 1d( nn) +raCent er +(i - nra) *del t aRa

decMeri =decCent er +( Fl oat 1d. r ange( nn) - ndec*dd) *del t aDec/ dd
raCross[i]=format_ra.fornmat Degrees(raCenter+(i-nra)*deltaRa)
xpi xMer i =FI oat 1d( nn)

ypi xMer i =Fl oat 1d( nn)

for j in range(nn)

ypi xMeri[j], xpi xMeri[j]=wcs. get Pi xel Coordi nates(raMeri[j],decMeri[j])

pass
xpl ot Meri =(xpi xMeri -crpi x1+1. 0)*cdel t 1/ cosd+crval 1
ypl ot Meri =(ypi xMeri -crpi x2+1. 0) *cdel t 2+crval 2

ypl ot Meri O=(ypl ot Meri -yrange[ 0] )

ypl ot Meri 1=(ypl ot Meri -yrange[ 1] )

for j in range(nn-1)

if yplotMeriO[j]*yplotMeriO[j+1l] <= 0.0
xcrossMeri O[i]=(xplotMeri[j]*yplotMeriO[j+1]-xplotMeril[j

+1] *ypl ot Meri O[j])/ \

(ypl ot Meri O[j +1] -ypl ot Meri O[j])
if yplotMeril[j]*yplotMeril[j+1l] <= 0.0
xcrossMeri 1[i]=(xpl ot Meri[j]*ypl ot Meri 1[j +1] - xpl ot Meri []

+1] *ypl ot Meri 1[j])/ \

pass

(ypl ot Meri 1[j +1] -ypl ot Meri 1[j])

iii0=xcrossMeriO.where(lS_FIN TE(xcrossMeri0))
iiil=xcrossMeriO.where(lS_FIN TE(xcrossMeril))

myPl ot .
myPl ot .
myPl ot .
myPl ot .
myPl ot .

xaxi s. tick. set Fi xedVal ues(xcrossMeriO[iii0])
xaxis.tick.label.fixedStrings=raCross[iiiO].toArray()

xaxi s. get AuxAxi s(0).tick. set Fi xedVal ues(xcrossMeri 1[iii 1])
xaxi s. tick. m nor Number =0

xaxi s. get AuxAxi s(0).tick. m nor Nunber =0

#### Cont our s #H###H#

# W want to draw | evel contours. W don't have (yet) a specialized |ayer for
# contours, so we will need to plot each contour segnent.

# Cenerate the contours
contours = automati cContour (i mage=nmap, | evel s=4, m n=0. 05, max=0. 2, di stri buti on=0)

# Pl ot

the contours as

keys=cont our s. keySet ()
for key in keys
if key.startsw th("Contour")

pass

cont =cont our s[ key]
keysc=cont . keySet ()
for keyc in keysc

x=(cont [ keyc].data[:, 1] -crpi x1+1. 0)*cdel t 1/ cosd+crval 1
y=(cont [ keyc].data[:, 0] - crpi x2+1. 0) *cdel t 2+crval 2
myPl ot . addLayer ( Layer XY(Xx, y, col or =Col or. green))

#### Annot at i ons ####H#

# Let's plot a circle around the observed source. This will be done with a
# cl assi cal Layer XY

# Radius of the circle (60")
radi us=60. 0/ 3600
phase=Fl oat 1d. range(101) *2. 0* Mat h. PI / 100. 0

# Position of the source as entered in HSPOT
raNonrmap. net a[ "raNom nal "] . val ue
decNomrmap. et a[ “decNomi nal "] . val ue

# Coordinates of the circle
xx=r adi us* COS( phase) / cosd+r aNom
yy=r adi us* SI N( phase) +decNom

# Add the circle
myPl ot . addLayer ( Layer XY( xX, yy, col or =Col or. bl ue, st roke=2))
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# And let's put an annotation with the name of the observed source
ann=Annot at i on(raNom 0. 015, decNom+0. 015, map. net a[ “obj ect "] . val ue. upper ())
ann. font Si ze=12

ann. col or =Col or. bl ue

myPl ot . addAnnot at i on(ann)

# W want also to put a line to show the angle scal e

xx2=Fl oat 1d([ O, - 120. / 3600/ cosd] ) +nyPI ot . xr ange[ 1] - 0. 02

yy2=Fl oat 1d( 2) +nmyPl ot . yr ange[ 0] +0. 03

myPl ot . addLayer ( Layer XY(xx2, yy2, col or =Col or . bl ue, st roke=2))

ann=Annot at i on(nyPl ot. xr ange[ 1] - 0. 027, nyPl ot . yrange[ 0] +0. 032, " 2" +uni chr (0x2032) )
ann. font Si ze=12

ann. col or =Col or. bl ue

myPl ot . addAnnot at i on(ann)

# Finally add the wavel ength

annText =" 93. Of " %map. met a[ "wavel engt h"] . val ue

annText =annText +map. net a[ "wavel engt h"] . uni t. di al ogNane

ann=Annot at i on( nyPl ot . xr ange[ 0] +0. 25, myPl ot . yrange[ 0] +0. 032, annText )
ann. font Si ze=12

ann. col or =Col or. bl ue

myPl ot . addAnnot at i on(ann)

#### Col our bar ####

# We now want to create a colour bar on the right side of the plot
# The col our bar is just another inage in a subplot.

# Create an overlay |layout so that we can plot the col our bar
| ayout =PI ot Over| ayLayout ( mar gi nRi ght =1. 0)
myPl ot . set Layout (| ayout)

# The col our bar is just a subplot showi ng an inage

# create the SubPl ot where we put the col our bar

# the nunbers here define the position of the bar respect to the nain plot
spBar = SubPI ot ( SubPl ot BoundsConstrai nts(0.0, 1.02, 0.0, -0.07))

# Here we construct the col our bar inmage data
| enBar =2561

bar | ma=Fl oat 2d( | enBar, 1)

bar | ma[ :, 0] =(Fl oat 1d. range( | enBar) *( hi ghCut -1 owCut ) / | enBar ) +l owCut
# Construct a Layerlnage with it

| ayBar = Layer | mage(bar| m)

| ayBar . col or Tabl e=nyPl ot [ 0] . col or Tabl e

| ayBar. i ntensityTabl e=nmyPl ot[ 0] .i ntensityTabl e
| ayBar . hi ghCut =hi ghCut

| ayBar . | owCut =l owCut

| ayBar . ycdel t =(hi ghCut - | owCut ) /| enBar

| ayBar . ycrval =l owCut

| ayBar . ycr pi x=+0. 5

| ayBar . yrange=[ | owCut , hi ghCut ]

| ayBar . xrange=[ 0, 1]

# Add the |layer to the subpl ot

spBar . addLayer (| ayBar)

# Put the col our bar on the plot
myPl ot . addSubPI ot (spBar)

# Adj ust the axes characteristics
# The X axis

xaxi s=spBar . baseLayer . xaxi s
xaxis.titleText=""

xaxi s. tick. | abel .visible=0

xaxi s. ti ck. aut oAdj ust Nunber =0
xaxi s. ti ck. m nor Number =0

xaxi s. tick. hei ght=0.0

xaxi s. get AuxAxi s(0).tick. height=0.0
# The Y axis

yaxi s=spBar . baselLayer . yaxi s
yaxis.titl eText=""
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yaxi s. tick. | abel . visible=0

yaxi s. ti ck. aut oAdj ust Nunber =0

yaxi s. ti ck. nunber =5

yaxi s. ti ck. m nor Nunmber =0

yaxi s. tick. hei ght =0. 04

yaxi s. get AuxAxi s(0).tick. | abel.visible=1
yaxi s. get AuxAxi s(0).titleText="Fl ux (Jy/beam"
yaxi s. get AuxAxi s(0).title.visible=1

yaxi s. get AuxAxi s(0).tick. hei ght =0. 04
yaxi s. get AuxAxi s(0).tick. nunber=5

yaxi s. get AuxAxi s(0).tick.m nor Nunber =0

#i#t###H Save #H##H#

# Finally, save the figure to PDF
myPl ot . saveAsPDF( map. met a[ " obj ect"] . val ue. upper () +". pdf ")

# End of the exanple.
Example 3.101. Complete example that demonstratesthe use of the PlotXY class.

The previous script isintended as an exhaustive tutorial for the Pl ot XY class. The utility classDi s-
pl ay has many features built-in, so the resulting scripts are much shorter. This is the same image,
with the following minor differences:

» Thegrid cannot be aligned to whole minutes.
» Thelabels of they axis cannot be formatted to sexagesimal syntax.

This is due to limitations in the | mageAxi s component of the Di spl ay class. You can find the
corresponding script below the image.
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Figure 3.13. Theresult of the plot example created with the simplified version of the script.
fromjava.aw inport Col or

# Get a public SPI RE observation
myobs = get Cbservati on(1342183475L, useHsa=Tr ue)

# Extract the PSW (250 um band) i ngmap
i mgmap = myobs. | evel 2. ref s[ " psrcPSW ] . product

# Extract the WCS of the ingmap
Wcs = i ngmap. wes

# Display the i nmgmap
d = Displ ay(i mgnap)

Set to grayscale and reverse intensity
.set Col ortabl e("Ranmp", "Negative")

Set cut levels
. set Cut Level sM n( 0. 05)
. set Cut Level svax( 0. 25)

oo #H o H
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d. set Cut Level sPer cent age(99. 5)

# Di mensions of the image in pixels
imgWdth = d. getlnage().get Wdth()
i mgHei ght = d. get| nage() . get Hei ght ()

# Cenerate the contours
contours = automaticContour (i mage = i ngmap, |l evels = 4, mn = 0.05, nmax = 0. 2,
distribution = 0)

# Plot the contours as
keys = contours. keySet ()
for key in keys
if key.startsw th("Contour")

cont = contours[key]

keysc = cont. keySet ()

for keyc in keysc

d. addCont our (cont our s[ key] [ keyc], Col or. green)

pass

# Draw the parallels every 5

origi nWs = wcs. get Wr | dCoor di nat es(0, 0)

# Cal culate delta on the right edge of the inmage (y-axis)
ri ght Bott omA¢s = wcs. get Wir | dCoor di nat es( 0, i mgW dt h)
di spRi ght Edge = ri ght Bott om\s[ 1] - ori gi nWs[ 1]

# Cal culate delta on the top edge of the image (x-axis)
topLeft Ws = wcs. get Wr | dCoor di nat es(i mgHei ght, 0)

di spTopEdge = origi nWs[ 0] -topLeftWs][O0]

xDelta = wes. cdel t1

pi xel Di spX = di spTopEdge/ 10*xDel t a

pi xel Di spOne = 1/10./xDelta

maxLi nesX = int(-ingW dt h/ pi xel Di spOne)

# Draw the meridians fromright to |eft
for col in range(maxLi nesX+1):
d. addLi ne(0, (ingW dth-1)+col *pi xel Di spOne, i nmgHei ght,\
(i mgW dt h- 1) +pi xel Di spX+col *pi xel D spOne, 1.0, Col or.red)

# Draw the parallels from bottom up
yDelta = wcs. cdel t2

pi xel Di spY = di spRi ght Edge/ yDel t a

pi xel Di spFive = 1/12./yDelta

maxLi nesY = int (i ngHei ght/ pi xel Di spFi ve)

for row in range(maxLinesY):
d. addLi ne( 0+r ow* pi xel Di spFi ve, 0, pixel Di spY+row*pi xel Di spFi ve, \
imgWdth, 1., Color.red)

# Add annotations (on top of the grid)
# Radius of the annotation circle (10 pixels)
radi us = 10.

# Position of the source as entered in HSPOT
raNom = i mgmap. met a[ “raNomi nal "] . val ue
decNom = i ngmap. net a[ "decNomi nal "] . val ue

# Translate to row col um for mat
center = d.get Pi xel Coordi nates(raNom decNom)

# Draw the circle
d. addEl | i pse(center[ 0], center[1], radius*2.0, radius*2.0, 4.0,\
java. awt . Col or (0, 0, 255))

# Put an annotation with the nane of the observed source

d. set Annot at i onFont Col or ( Col or. bl ue)

d. addAnnot at i on(i ngmap. net a[ "obj ect"].val ue, center[0]-10., center[1]+10.)
d. set Annot ati onFont (center[ 0] -10., center[1] +10., 24)

# Annotate the angle scale with a line belowto illustrate the scale

d. addAr cSecs(120, 10, 10, 4, Col or. bl ue)

# Annot ate the wavel ength
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annText = "93. 0f "% ngnmap. met a[ "wavel engt h"] . val ue

annText = annText +i mgmap. met a[ "wavel engt h"] . uni t. di al ogNane
d. addAnnot ati on(annText, 10, ingW dt h-60)

d. set Annot at i onFont (10, i ngW dt h-60, 12)

# Cet the axes

left Axi s = d. get Leftaxis()

bott omAxi s = d. get Bott onmaxi s()

ri ght Axi s = d. get Ri ght axi s()

# Add X axis

bot t omAxi s. enabl e()

bot t omAxi s. set Wor | dCoor di nat es( Tr ue)
bot t omAxi s. set Label ("R ght Ascensi on (J2000)")
# Add Y axis

| ef t Axi s. enabl e()

| ef t Axi s. set Wor | dCoor di nat es( Tr ue)

| ef t Axi s. set Deci mal Degr ees( Tr ue)

| ef t Axi s. set Label (" Declination (J2000)")
# Add col our table

ri ght Axi s. showCol or Tabl e( Tr ue)

ri ght Axi s. set Label ("Flux (Jy/ beam")

Example 3.102. Version of the example above using the Display class.

3.31. Worked example: Initial plot of this
chapter

The following script reproduces the plot in Section 3.1 .

x = Doubl eld.range(11) # Creates array with values from0.0 to 10.0
y = X*x

X1l = X

yl = ABS(SI N(x1))*100

x2 = 10. 0*Doubl eld. range(11)/10.0 - 5.0

y2 = x2**3.0

x2err = SQRT(ABS(x2))
y2err = SQRT(ABS(y2))

myPl ot = Pl ot XY()

myPl ot . aut oBoxAxes = 1

# Create the dataset

myLayer = Layer XY(Xx, V)

nmyLayer. nane = "One | ayer”

myLayer1l = Layer XY(x1, y1)

nmyLayer 1. nane = "Anot her |ayer"

nmyLayer2 = Layer XY(x2, y2)

myLayer 2. nane = "Third one"

nmyPl ot . addLayer (nmyLayer, 0, 0) # top left

myPl ot . addLayer (nmyLayer1, 0, 0) # top right

nmyPl ot . addLayer (nmyLayer2, 1, 0) # top right

# Title and subtitle

myPlot.titleText = "Customplot title"

myPlot.title.font = java.awt.Font ("Arial", java.awt.Font.PLAIN, 15)

myPl ot . subtitleText = "Custom plot subtitle"

myPl ot . subtitle.font = java.awt.Font("Courier", java.aw.Font.|TALIC, 15)
# Legend

myPl ot.l egend.visible =1

# Ticks

myPl ot . xaxis.tick.interval =
myPl ot . yaxis.tick.interval =
myPl ot . xaxi s. ti ck. m nor Nunber
myPl ot . yaxi s. ti ck. m nor Nunber
# Error bars
myLayer 2. error X
nmyLayer 2. errorY
# Axes

myPl ot . xaxis.titleText = "Customaxis title"
nyPlot[2].yaxis.title.text = "$\\al pha + \\betan{-3/2}%"
# Synbol s and line styles

myPlot.line = Styl e. DASHED

.0
0.0
10
5

3
3

[x2err, x2err/2] # Setting the upper and |ower error limts
[y2err, y2err*2]
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myPl ot . styl e.stroke = 3

myPlot[1].line = Styl e. MARKED

myPl ot [ 1] . synbol = Styl e. FDI AMOND

myPl ot [ 1] . synbol Si ze = 10

myPlot[2].color = java.awt. Col or. RED

myPlot[2].line = Style. NONE

myPl ot [ 2] . synbol = Styl e. FCl RCLE

# &id lines

myPlot[2].yaxis.tick.gridLines = 1

# Annot at i ons

myPl ot [ 2] . addAnnot at i on( Annot ati on( -5, 80, " Cust om
annot ati on", col or =j ava. awt . Col or. BLUE))

myPl ot [ 2] . get Annot ati on(0).fontSize = 12

myPl ot [ 2] . get Annot ati on(0).angle = 30

# Auxiliary axis

xaux = myPl ot[2].xaxis. get AuxAxi s(0)

xaux. set Ti ckl dent i cal ( Fal se)

xaux. ti ck. aut oAdj ust Nunber = 0

xaux.title.visible =1

xaux.titleText = "Auxiliary axis"

xauxl ab = xaux. tick. | abel

xauxl ab.visible = 1

val s = Doubl eld([-5.0, -2.0, 1.0, 3.0, 5.0]) # These are the wavenunmbers we want to
show

xaux. tick. set Fi xedVal ues(val s)

# String values to each | abel

svals = ["Mnus five","Mnus tw","One", " Three", "Five"]

xaux| ab. fi xedStrings = svals

xaux. tick.height = 0.3

Example 3.103. Plotting the figure that appears at the beginning of this chapter.

3.32. Worked example: Multi-panel plot

The following script creates a plot made of six panels, as shown in the following image:
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Figure 3.14. A plot with four panels.

fromjava.aw inport Col or
# Aplot with different panels

# Set up some dummy data to plot

freqg = Doubl eld(range(500, 1600, 10))

line = EXP(-(freq-1000)**2/30.0**2) + RandonUniforn(0.1)(freq)-0.05
lineStrength = [0.5, 0.2, 0.4, 0.3, 0.7, 0.9]

# Initialise the plot
p = Pl ot XY()
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# Specify the plot dinmensions on the screen
p. pl ot Si ze=(2, 2)
# Set the positions for the subplots in a grid |ayout

topLeft = SubPI ot ( SubPl ot G'i dConst rai nts(0, 0))
bottonlieft = SubPl ot (SubPl ot Gi dConstraints(0, 1))
topM d = SubPlI ot ( SubPl ot G'i dConstrai nts(1, 0))
bot t onM d = SubPI ot ( SubPl ot G'i dConstrai nts(1, 1))
t opRi ght = SubPI ot ( SubPl ot G'i dConstrai nts(2, 0))
bot t onRi ght = SubPl ot ( SubPl ot Gi dConstrai nts(2, 1))

# Fill the sub-plots
bot t onlLef t. addLayer (Layer XY(freq, |ineStrength[O0]*line, col or=Col or.BLACK, \
stroke=1.5, chart Type=Styl e. H STOGRAM )
bot t omM d. addLayer (Layer XY(freq, lineStrength[1]*line, col or=Col or. GRAY, \
stroke=1, chartType=Styl e. H STOGRAM )
bot t onRi ght . addLayer (Layer XY(freq, lineStrength[2]*line, color=Col or.BLACK, \
stroke=1, chartType=Styl e. H STOGRAM )
topLeft.addLayer (Layer XY(freq, lineStrength[3]*line, color=Col or.BLACK, \
stroke=1, chartType=Styl e. H STOGRAM )
topM d. addLayer (Layer XY(freq, |ineStrength[4]*Iine, color=Col or.GRAY, \
stroke=1, chartType=Styl e. H STOGRAM )
t opRi ght . addLayer (Layer XY(freq, lineStrength[5]*Iine, color=Col or.BLACK, \
stroke=1, chart Type=Styl e. H STOGRAM )
#
# Set the tick | abel and ranges for each subplot, and add it to the main plot
for subP in [topLeft, topRight, bottomlLeft, bottonRi ght, topMd, bottonM d]:
# Renove all axes |abels to start with (add needed ones | ater)
subP. baselLayer XY. xaxi s.ti ck. |l abel Visible = 0
subP. baseLayer XY. xaxis.title.visible = 0
subP. baselLayer XY. yaxi s.tick. |l abel Visible = 0
subP. baseLayer XY.yaxis.title.visible = 0
# Set axis ranges to be the same for all sub-plots
subP. baselLayer XY. xaxi s. range = [400.0, 1600. 0]
subP. baseLayer XY.yaxi s.range = [-0.1, 1.1]
# Set the ticks for the xaxis to be at nice intervals
subP. baselLayer XY. xaxi s. ti ck. set Fi xedVal ues( Doubl eld([ 500, 1000, 1500]), \
Doubl eld(range(400, 1600, 100)))
p. addSubPl ot (subP)
# Set the gap between the sub-plots to be zero (i.e. plots touching each other)
p. gridLayout . set Gap(0, 0)

# Set the titles for the left hand axes of left hand plots
# and make the tick |abels visible on these axes
topLeft. baselLayer XY.yaxis.title.visible = 1

topLeft. baseLayer XY. yaxis.titleText = "Flux Density"
topLeft. baselLayer XY. yaxi s.tick.|abel Visible =1

bott onlLeft. baseLayer XY. yaxi s.title.visible = 1
bot t onLef t. baseLayer XY. yaxi s.titl eText = "Flux Density"
bot t onLef t. baseLayer XY. yaxi s. tick.|abel Visible = 1

# Make the tick l|abels visible on the | ower xaxis
bot t onLef t. baseLayer XY. xaxi s. tick.| abel Visible = 1
bot t omM d. baselLayer XY. xaxi s. tick.label Visible = 1
bot t onRi ght . baseLayer XY. xaxi s. tick.|abel Visible = 1

# Use the upper xaxis for a title for each col um

topLeft. baselLayer XY. xaxi s. get AuxAxi s(0).titleText = "CRL 618"
topLeft. baseLayer XY. xaxi s. get AuxAxi s(0).title.visible = 1

t opM d. baselLayer XY. xaxi s. get AuxAxi s(0).titleText = "M3"

t opM d. baselLayer XY. xaxi s. get AuxAxi s(0).title.visible = 1

t opRi ght . baselLayer XY. xaxi s. get AuxAxi s(0).titl eText = "Orion Bar"

t opRi ght . baseLayer XY. xaxi s. get AuxAxi s(0).title.visible = 1

# Set sone annot ations

topLeft. baselLayer XY. set Annot ati on(1, Annotation(500, 0.9, "(a)", fontSize=14))

t opM d. baselLayer XY. set Annot ati on(1, Annotation(500, 0.9, "(b)", fontSize=14))

t opRi ght . baseLayer XY. set Annot ati on(1, Annotation(500, 0.9, "(c)", fontSize=14))
bot t onlLef t . baseLayer XY. set Annot ati on(1, Annotation(500, 0.9, "(d)", fontSize=14))
bot t omM d. baselLayer XY. set Annot ati on(1, Annotation(500, 0.9, "(e)", fontSize=14))
bot t onRi ght . baseLayer XY. set Annot ati on(1, Annotation(500, 0.9, "(f)", fontSize=14))
# Use the plot subtitle to contain a single |abel for all 3 x-axes
p.subtitle.text = "Frequency (GHz)"

p.subtitle.fontSize = p.title.fontSize

from herschel .ia.gui.plot inport PlotTitle
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p.subtitle.position = PlotTitle. BOTTOMCENTER
Example 3.104. Distributing multiple plots using panels.
3.33. Worked example: Error bars
The example in this section creates a plot with horizontal and vertical error bars. Figure 3 in J. A.

Rodén et al., A&A 518, L80 (2010) .

25T T
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Figure 3.15. A plot with horizontal and vertical error bars.

fromjava. am
fromjava. am
from herschel
from herschel

.geom i nport Poi nt2D

i mport Col or
.ia.gui.plot inport PlotLegend
.ia.gui.plot.renderer.axtype inmport AxisType

| i nex=(Doubl eld. range(601)/10) . add( 10)
I'i neAy=1/ (0. 4+8e- 3*| i nex)
i neBy=11. 5*pow( | i nex, - 0. 66)

# Dashed |line A

dal =Layer XY(I
dal

i nex, | i neAy)

dal
dal
dal
dal
dal
dal
dal
dal
dal

.style=Styl e(line=3,

col or =Col or. BLACK, dashArray=[1, 3])

. hame="Dupac et.

al

(2003) "

. Xaxi s=Axi s(range=[ 10, 70],
. Xaxi s. set Axi sType( Axi sType. LI NEAR)
.xaxis.title.fontSize=10
.yaxi s=Axi s(range=[ 0.5, 2.5],
.yaxi s. set Axi sType( Axi sType. LI NEAR)
.yaxis.title.fontSi ze=10
.Xxaxis.tick.interval =10

.yaxis.tick.interval =0.5

# Dashed line B

dbl =Layer XY(| i nex, | i neBy)

dbl . styl e=Styl e(line=3, col or=
dbl . name="Desert et. al (2008)
# Dots

titleText="$\\mathrn{T_{dust}}$ [K")

Col or . BLACK, dashArray=[ 4, 4])

titleText="Em ssivity index ($\\mathrn{\\beta}$)")

x=Doubl eld([ 24. 7200, 42. 7600, 39. 0100, 47. 3600, 34. 9700, 16. 7400, 20. 3900, 22. 3700, \
23. 3100, 21. 6100, 22. 2100, 23. 7200, 24. 6200, 25. 9800, 28. 5000] )
xe=Doubl eld([ 3. 40000, 12. 2300, 9. 27000, 14. 8800, 7. 61000, 1. 67000, 2. 30000, 2. 75000, \
3. 07000, 2. 58000, 2. 70000, 3. 16000, 3. 39000, 3. 85000, 4. 55000] )
y=Doubl e1d([ 1. 50000, 1. 20000, 1. 30000, 1. 00000, 1. 30000, 1. 70000, 1. 70000, 1. 70000, \
1. 70000, 1. 50000, 1. 50000, 1. 80000, 1. 70000, 1. 70000, 1. 80000] )
ye=Doubl el1d([ 0. 300000, 0. 400000, 0. 300000, 0. 400000, 0. 400000, 0. 400000, 0. 400000, \
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0. 300000, 0. 400000, 0. 300000, 0. 300000, 0. 300000, 0. 300000, 0. 400000, 0. 300000] )
| =Layer XY(X, y)
| . error X=[ xe, xe]
| .errorY=[ye, ye]
|.style=Styl e(line=0,
synbol Si ze=4)
| .inLegend=0

col or =Col or . BLACK, synbol Shape=Synbol Shape. FCl RCLE,

p=Pl ot XY()

p. addLayer (dal )
p. addLayer (dbl )
p. addLayer (1)

T T T T T O

. | egend.
. | egend.
. | egend.
. | egend.
. | egend.
. | egend.

Vi si bl e=1

col ums=1

posi ti on=Pl| ot Legend. CUSTOM ZED
set Location(3.0,3.1)

hal i gn=PI ot Legend. LEFT

val i gn=PI ot Legend. BOTTOM

Example 3.105. Plotting horizontal and vertical error bars.

3.34. Worked example: Auxiliary axes

The example in this section creates a plot with three layers and customised auxiliary axes.
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1o —500
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10" 10" 10" 10"
I (cm)

Figure 3.16. A plot with three layersand customised auxiliary axes.
fromjava. am . geom i nport Point2D
fromjava.awt inport Col or
from herschel .ia.gui.plot inport PlotLegend
from herschel .ia. gui.plot.renderer.axtype inmport AxisType

# SiC2 and X bottomand Y left axis
xb=Layer XY( Doubl e1d( 0), Doubl e1d(0))

xb.
xb.
xb.
xb.
xb.

xb

xaxi
xaxi
xaxi
xaxi
yaxi

. yaxi
xb.

yaxi

s=Axi s(range=[ 5e13, 3el7],
s. set Axi sType( Axi sType. LOG)
s.title.fontSize=12

s. tick. | abel.formt="% O0nf
s=Axi s(range=[ 3e- 10, 7e-"7],
s. set Axi sType( Axi sType. LOG)
s.title.fontSize=12

titleText="r (cm")

titleText="X")

xb. yaxi s. tick. | abel . formt="% Onf

# Si C2 val ues and annot ati on

si cx=Doubl eld([5e13, 1el6, 2el6, 7el6,

si cy=Doubl eld([2e-7, 2e-7, 5e-7, 2e-7,

si c=Layer XY( si cx, si cy)

sic.style=Styl e(line=1, stroke = 1.5,

si c. addAnnot ati on( Annot ati on(2e16, le-7,
col or =Col or . RED))

lel7, 2.1el7])
5e-8, 3e-10])

col or =Col or . RED)

"SiC$\\mat hrn{ _2}$", fontSi ze=12,
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si c. yaxi s=xb. yaxi s

# Plot X bottomand Y left axis
p=Pl ot XY()

. aut oBoxAxes=0
.setPlotSize(3.7,2.2)

. addLayer ( xb)

T T T

# Plot SiC2
p. addLayer (si c)

# Si C2 LTE val ues

| t ex=Doubl eld([5e13, 6el3, 9el3, 1.3el4, 2el4, 2.1leld, 2.7el4])

|t ey=Doubl eld([5e-8, 3e-7, 1.8e-7, 3e-7, 4e-8, 6e-8, 3e-10])

I tel =Layer XY(I tex, | tey)

Itel.style=Style(line=1, stroke = 1.5, col or=Col or. GREEN)

I tel . addAnnot ati on(Annot ati on(7e13, 3e-9, "SiC\\nathrn{_2}$\nLTE", fontSi ze=12,
col or =Col or . GREEN))

I tel.yaxi s=xb. yaxi s

# Plot SiC2 LTE
p. addLayer (I tel)

# Tk and X _bottomand Y right axis

yr =Layer XY( Doubl e1d(0), Doubl e1d( 0))

yr.yaxi s=Axi s(range=[ 0, 1200], position=Axis. RIGHT, titleText="$\\mathrn{T_K}$")
yr.yaxis. set Axi sType( Axi sType. LI NEAR)

yr.yaxis.title.fontSize=12

yr.yaxis.tick.|label.formt="9% O0f"

yr.yaxis.tick.interval =500

yr.yaxis.tick.m nor Nunber =4

# Plot Y right axis
p. addLayer (yr)

# Tk val ues

t kx=Doubl eld([ 1. 1e14, 1el5, 1lel6, 1lel7])

t ky=Doubl eld([ 1200, 360, 80, 0])

t kl =Layer XY(tkx, t ky)

tkl.style=Style(line=1, stroke = 1.5, col or=Col or.BLUE)

tkl . addAnnot ati on( Annot ati on(5e14, 600, "T$\\mathrn{_K}$", fontSi ze=12,
col or =Col or . BLUE) )

tkl . yaxi s=yr.yaxis

# Plot TK
p. addLayer (tkl)

# X top axis

xt =Layer XY( Doubl e1d( 0), Doubl e1d(0))

xt . xaxi s=Axi s(range=[ 2. 8e-2, 2E2], titleText="r (\u2033)")
xt. xaxi s. set Axi sType( Axi sType. LOG

xt.xaxis.title.fontSi ze=12

xt. xaxi s. tick.|abel.formt="% O0nf

HH*

Plot X top axis
. addLayer (xt)

e

.saveAsPDF("test-1. pdf")
. saveAsEPS("test-1. eps")
.saveAsPNG "t est-1. png")
.saveAsJPGE "test-1.jpg")
You can do all this fromthe property panel nenu.

# T T T T

Example 3.106. Adding multiple layersand customised auxiliary axesto a plot.

3.35. Worked example: Histograms

The examplein this section creates aplot with three panels, each containing superimposed histograms.
FigurelinL. Shao et al., A&A 518, L 26 (2010) .
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Figure 3.17. A plot with three panels, each containing superimposed histograms.

fromjava.aw inport Col or
from herschel .ia.gui.plot.renderer.axtype inport AxisType

p=Pl ot XY()
p. pl ot Si ze=(4, 1)
p. gri dLayout . vgap=0

z_gri d=Doubl e1d([ 0. 00000, 0. 100000, 0. 200000, 0. 330000, 0. 480000, 0. 630000, \
0. 800000, 1. 00000, 1. 20000, 1. 40000, 1. 65000, 1. 90000, 2. 20000, 2. 50000, 2. 85000, \
3. 20000, 3. 60000, 4. 05000, 4. 55000, 5. 10000, 5. 70000] )

pl_al | = Doubl e1d([0,0, 3,7, 12,12, 28,19,9,8,2,5,5,6,5,4,1,1,0, 1,0])
pl_bot h=Doubl e1d([0,0,1,1, 3, 3, 6, 3,3,3,1,1,0,0,0,0,0,0,0,0,0])
pl_100 =Doubl e1d([0,0,1,1, 5, 3, 7, 4,4,3,1,1,0,0,0,0,0,0,0,0,0])
pl_160 =Doubl e1d([0,0,1,1, 5, 5,10, 6,4,3,1,1,0,1,0,0,0,0,0,0,0])

p1=SubPI ot ()
p. addSubPl ot ( p1)

plL_al | =Layer XY(z_grid, pl_all, name="GO0DS-N AGNs", col or =Col or . BLACK)
plL_all.style=Styl e(chart Type=Styl e. H STOGRAM EDCE)

plL_al | . xaxi s=Axi s(range=[ 0. 16, 6] )

plL_al | . xaxi s. set Axi sType( Axi sType. LOG

plL_al | . yaxi s=Axi s(range=[ 0, 35])

plL_al | . xaxi s. tick. set Fi xedVal ues(Doubl e1d([O0, 1, 2, 3,4,5,6]))
plL_al | . xaxis. get Tick().setLi neWdth(1)

plL_al | . xaxi s. get Ti ck() . set Hei ght (0. 05)

#pllL_al | . xaxi s.tick. visibl e=0

plL_al | . xaxis.tick.| abel.visibl e=0
plL_all.xaxis.title.visible=0

plL_al |l .yaxis.tick.label.fontSize=8
plL_all.yaxis.title.text="Nunber"
plL_all.yaxis.title.fontSize=8

pl. addLayer (plL_all)

plL_al | . xaxi s. auxAxes[ 0] . ti ck. vi si bl e=0

plL_160=Layer XY(z_grid, pl_160, nane="160%$\\mni cro$m detected
onl y", col or =Col or . GREEN)

plL_160. styl e=Styl e(chart Type=Styl e. H STOGRAM EDCE, fill Enabl ed=1,
fillPai nt=Col or. GREEN)

pl. addLayer (plL_160)

plL_100=Layer XY(z_grid, p1_100, nane="100%\\m cro$m detected only", col or =Col or . BLUE)
plL_100. styl e=Styl e(chart Type=Styl e. H STOGRAM EDCE, fill Enabl ed=1,

fillPai nt=Col or.BLUE)
pl. addLayer (plL_100)
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plL_bot h=Layer XY(z_grid, pl_both, nane="Detected in both bands", col or=Col or. GRAY)
plL_bot h. styl e=Styl e(chart Type=Styl e. H STOGRAM EDGE, fil | Enabl ed=1

fillPai nt=Col or. GRAY)

pl. addLayer (plL_bot h)

p2_al | =Doubl e1d([0,0,0,1,0,0,3,7,17, 17,17, 15,7, 4,4,3,1,0,0, 0, 0] )
p2_bot h=Doubl e1d([0, 0, 0,0,0,0,0,0, 0, 1, 1, 1,0,0,0,0,0,0,0,0,0])
p2_100 =Doubl e1d([0,0,0,0,0,0,0,0, 1, 1, 1, 1,0,0,0,0,0,0,0,0,0])
p2_160 =Doubl e1d([0,0,0,0,0,0,0,0, 2, 2, 1, 2,0,0,1,0,0,0,0,0,0])

p2=SubPI ot ( SubPl ot G'i dConstrai nts(0, 1))
p. addSubPl ot ( p2)

p2L_al | =Layer XY(z_grid, p2_all, col or=Col or. BLACK)

p2L_al |l . style=Styl e(chart Type=Styl e. H STOGRAM EDCE)
p2L_al | . i nLegend=0

p2L_al | . xaxi s=Axi s(range=[ 0. 16, 6] )

p2L_al | . xaxi s. set Axi sType( Axi sType. LOG

p2L_al | . yaxi s=Axi s(range=[ 0, 34])

p2L_al | . xaxi s. ti ck. set Fi xedVal ues(Doubl e1d([O0, 1, 2, 3,4,5,6]))

p2L_al | . xaxi s. get Ti ck() . setLi neWdth(1)
p2L_al | . xaxi s. get Ti ck() . set Hei ght (0. 05)
p2L_al | . xaxi s. tick. | abel . vi si bl e=0
p2L_al |l . xaxis.title.visible=0

p2L_al | . yaxis.tick.|abel .fontSize=8
p2L_al |l .yaxis.title.text="Nunber"

p2L_all.yaxis.title.fontSize=8
p2. addLayer (p2L_al I)
p2L_al | . xaxi s. auxAxes[ 0] . ti ck. vi si bl e=0

p2L_160=Layer XY(z_grid, p2_160, col or =Col or. GREEN)

p2L_160. styl e=Styl e(chart Type=Styl e. H STOGRAM EDGE, fill Enabl ed=1
fillPai nt=Col or. GREEN)

p2L_160. i nLegend=0

p2. addLayer (p2L_160)

p2L_100=Layer XY(z_grid, p2_100, col or=Col or. BLUE)

p2L_100. styl e=Styl e(chart Type=Styl e. H STOGRAM EDGE, fil | Enabl ed=1
fillPai nt=Col or.BLUE)

p2L_100. i nLegend=0

p2. addLayer (p2L_100)

p2L_bot h=Layer XY(z_gri d, p2_both)

p2L_bot h. styl e=Styl e(chart Type=Styl e. H STOGRAM EDGE, fil | Enabl ed=1
fillPai nt=Col or. GRAY)

p2L_bot h. i nLegend=0

p2. addLayer ( p2L_bot h)

p3_al | =Doubl e1d([0, 0, 3, 8, 12, 12, 31, 26, 26, 25, 19, 20, 12, 10,9, 7, 2,1, 0, 1, 0] )
p3_bot h=Doubl e1d([0,0,1,1, 3, 3, 6, 3, 3, 4, 2, 2, 0, 0,0,0,0,0,0,0,0])
p3_100 =Doubl e1d([0,0,1,1, 5, 3, 7, 4, 5 4, 2, 2, 0, 0,0,0,0,0,0,0,0])
p3_160 =Doubl e1d([0,0,1,1, 5, 5,10, 6 6, 5 2, 3, 0, 1,1,0,0,0,0,0,0])

p3=SubPI ot ( SubPl ot G'i dConst rai nts(0, 2))
p. addSubPl ot ( p3)

p3L_al | =Layer XY(z_grid, p3_all, col or=Col or. BLACK)
p3L_all.style=Styl e(chart Type=Styl e. H STOGRAM EDCE)
p3L_al |l .inLegend=0

p3L_al | . xaxi s=Axi s(range=[ 0. 16, 6] )

p3L_al | . xaxi s. set Axi sType( Axi sType. LOG

p3L_al | . xaxi s. ti ck. set Fi xedVal ues(Doubl e1d([O0, 1, 2, 3,4,5,6]))
p3L_al | . xaxi s. get Ti ck() . setLi neWdth(1)

p3L_al | . xaxi s. get Ti ck() . set Hei ght (0. 05)

p3L_al | . yaxi s=Axi s(range=[ 0, 34])

p3L_al | . xaxi s. tick. visible=1

p3L_al | . xaxis.tick.|abel.fontSize=8
p3L_all.xaxis.title.text="Redshift"
p3L_all.xaxis.title.fontSize=8

p3L_al |l .yaxis.tick.label.fontSize=8
p3L_all.yaxis.title.text="Nunber"
p3L_all.yaxis.title.fontSize=8
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3.36.

p3. addLayer (p3L_al |)
p3L_al | . xaxi s. auxAxes[ 0] . ti ck. vi si bl e=0

p3L_160=Layer XY(z_grid, p3_160, col or=Col or. GREEN)

p3L_160. styl e=Styl e(chart Type=Styl e. H STOGRAM EDGE, fil | Enabl ed=1
fillPai nt=Col or. GREEN)

p3L_160. i nLegend=0

p3. addLayer (p3L_160)

p3L_100=Layer XY(z_grid, p3_100, col or=Col or. BLUE)

p3L_100. styl e=Styl e(chart Type=Styl e. H STOGRAM EDGE, fil | Enabl ed=1
fillPai nt=Col or.BLUE)

p3L_100. i nLegend=0

p3. addLayer (p3L_100)

p3L_bot h=Layer XY(z_gri d, p3_both, col or =Col or . GRAY)

p3L_bot h. styl e=Styl e(chart Type=Styl e. H STOGRAM EDGE, fil | Enabl ed=1
fillPai nt=Col or. GRAY)

p3L_bot h. i nLegend=0

p3. addLayer (p3L_bot h)

HH*

Legend

.l egend. vi si bl e=1

.| egend. col ums=1

.| egend. posi ti on=Pl ot Legend. CUSTOM ZED

.l egend. set Locati on(2. 8, 3.0)

. I egend. hal i gn=PI ot Legend. LEFT

.l egend. val i gn=PI ot Legend. BOTTOM

.l egend. border Vi si bl e = Fal se

. addAnnot ati on( Annot ati on(0. 2, 28, " Spec-z", col or =Col or . BLACK, font Si ze=11))
. addAnnot ati on( Annot ati on(0. 2, -8, "Phot -z", col or =Col or . BLACK, font Si ze=11))
. addAnnot ati on( Annot ati on(0.2,-42,"Al | ", col or=Col or. BLACK, font Si ze=11))

T T T T T T T T TTO

Example 3.107. Using several panelswith histograms.

Worked example: Styles

The example in this section creates a plot using several styles and colours for lines and plot symbols.
Figure 7 in C. Gruppioni et al., A& A 518, L27 (2010) .
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Figure 3.18. A plot using several stylesand coloursfor linesand plot symboals.

fromjava.aw inport Col or
from herschel .ia.gui.plot.renderer.axtype inmport AxisType

x=Doubl e1d([ 0. 00000, 0. 100000, 0. 200000, 0. 300000, 0. 400000, 0. 500000, 0. 600000, \
0. 700000, 0. 800000, 0. 900000, 1. 00000, 1. 10000, 1. 20000, 1. 30000, 1. 40000, 1. 50000, \
1. 60000, 1. 70000, 1. 80000, 1. 90000, 2. 00000, 2. 10000, 2. 20000, 2. 30000, 2. 40000, \
2. 50000, 2. 60000, 2. 70000, 2. 80000, 2. 90000, 3. 00000, 3. 10