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Preface

This document describes all the data analysis and visualization tools available in HIPE:
 Datainput/output tools

» Datadisplay tools

 Plotting tools

* Image analysistools

 Spectral anaysistools

» External tools

Each chapter, except the last one, contains three main sections:

e Summary: shows you what you will find in the chapter.

» How to: quick instructionsto carry out the most common tasks. Look at this section if you want to
become familiar with the software, or if you need to get something done quickly.

* Indepth: thorough explanation of all thefeatures. Read thisif you arelooking for advanced options
not covered in the previous section, or if you want to become a Herschel data analysis guru.

Tip
@ If you areinterested in more advanced features, including scripting, batch processing and
data analysis, please have alook at the Scripting and Data Mining guide: Preface.

Note
@ Being HIPE a multi-platform software, screenshots in 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.




Chapter 1. Data input/output

1.1. Summary

This chapter tells you everything you need to know about getting data into HIPE from a variety of
sources and exporting data from HIPE to a variety of destinations.

The chapter covers the following topics:

Retrieving data from the Herschel Science Archive.

Saving data products into pools for easy retrieval and querying.

Saving images and tables as FITS files, and retrieving data from FITSfiles.
Creating and reading ASCI| datafiles.

Saving and restoring variables from your scripting sessions.

1.2. How to

1.2.1. Retrieving Data from the Herschel Science
Archive User Interface

Data can be accessed directly from the HSA using the Herschel Science Archive User Interface (HUI;
see Figure 1.1).
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e Herschel Science Archive 3.0 ===

File Interoperability Help

Herschel Science Archive

| Latest Resuits shopping Basket | Login/Register | |
Not Logged In | || Idie |
Execute Query \ View/ Edit SQL

‘ ‘Snn CriIEria”Ohselvaliun Start Time |v‘ |Sun OrdErHAs(Ending |v| ‘

[oBservation 0| | | [File with observation © List_ || Locate File |

Search Target By Name [ ]Equatorial []Galactic []Ecliptic ‘

[ror siMBAD [~] | | [Radis][s |[arcmin]~]

[v] Standard Data

Al |[HiF] None || _ann |[PAcs] None ||| _an None ||| _ail |[spiRE Pacs| None |

Single Point Pacs Photometer Photometer Parallel Mode

Mapping Range Spectroscopy Spectrometer

Spectral Scan Line Spectroscopy
Close | [FRiRasal] Clear
[oserver || | [Froposain ]|
Close [Timing Constraints| Clear
|oo | |
[stan Time] | | [5ron Time] | | [mservtion Duration Time] |

Figure 1.1. The Herschel Science Archiveinterface.

Any label inthe HUI that changes colour under the mouse pointer has an associated help text. Click on
the label to open the help window (note that some labels still do not have help text available). There
isalso aHelp menu at the top right corner.

There are to ways of retrieving data from the HUI:

1. Directly downloading data items one by one

2. Viaa Shopping Basket filled in with anumber of observations

Both methods allow the same retrieval options:

» Auxiliary to retrieve only auxiliary files (pointing product, event logs, etc...)

 Calibration to retrieve only calibration files

» Level Otoretrieve only level O products

» Level 0.5toretrieve only level 0.5 products

* Level 1toretrieve only level 1 products

* Level 2toretrieve only level 2 products
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» ALL to retrieve the whole "Observation Context" which includes al the files listed above
* MULTIPLE can be used to combine any of the above optionsin asingle retrieval request

Note

@ Currently, the option ALL should be selected for importing observations into HIPE and
for running pipeline scripts. For other options in HUI, like the retrieval of only Level2
products, the provided FITS files can be read with HIPE using thetask f i t sReader .

In order to retrieve data from the HSA you have to be aregistered Herschel user. To register with the
Herschel system please go to Herschel Archive Registration and follow the appropriate instructions.
Thisregistration page is a so accessible through the Login/Register page of the HUI (Register as New

User) Figure 1.2).

Herschel Science Archive 1.8

Herschel Science Archive

Talen

| | | | Logout DRIZZ0 On-demand Monitor |

User: DRIZZO | ldle \

| Login, Registration & Account Maintenance |

If you already have an account you can login

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

‘ User Mame ‘ | |

‘ Passward ‘ | |

Login & proceed | Login & stay here |

Otherwise you can...
Register As New User

Once logged-in you can...

View,/ Edit Current User's Details ‘

Or you can...

Change Your Password
Clear | Dismiss

Figure1.2. Login/registration in the HSA.

Y ou do not need to register if you intend solely to browse the content of thearchive. Loginis, however,
aprecondition to retrieve data from the HSA.

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

After executing aquery in HUI, you are automatically moved to the Latest Result page (see Figure 1.3)
which contains the list of observations matching the query.



http://herschel.esac.esa.int/registration.shtml
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hd Herschel Science Archive 3.0 =jB|=*
File Interoperability Help
Herschel Science Archi
Query Specification | | Shopping Basket | Login/Register | ‘ |
Mot Logged In || Idie
Move All 1o Basket | | mancan | |  Refresh List_|
Observation Info
= Instrument Info
| Observations 2. Shown: 1st and each until and including 2nd Froposal Info
e[|
1342184765  NGC 7023 Custom Position Olh24m06.01s +68d10'35.8" 143
ﬂ 2000-10-04 12:58:30.0 2000-10-04 13:06:13.0 463.0 12323
| = SPIRE spirespectroPoint
etrieve
_ Calibration_spec-aots_4-535pec-LowRes-Rep20-NQCT7023_CF puspire
Calibration_pvspire_34 Public data 2009-11-13
1342185552  Croup 38 Q0h22m25.47s -0Ad45'41.2" 148
2000-10-00 10:28:00.434 2000-10-09 10:54:32.953 1523.517 12813
m| PACS PacsFhoto
e _|<]
scan-blue-135-Group 38 tmegeath
SDP_tmegeath_4 Public data 2009-11-18

Figure 1.3. Result of query of the HSA

1.2.1.1. Direct data download

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

The usage of this button is only recommended for individual observations.
1.2.1.2. Retrieving data through the shopping basket
With this method the records of several observations can be transferred into a Shopping Basket. This

method is envisaged for multi-observation requests. Once the shopping basket contains all the datasets
to be retrieved, these can be transferred to a secure FTP area.

hd Herschel Science Archive 3.0 =jB|=*
File Interoperability Help

~@sa Herschel Science Archi :

Query Specification | Latest Results | Login/Register | 1Logout everdugo | 0n-demand Monitor |
User: everdugo || Idie ‘
Shopping Basket
\ Retrieve | [an [*] 1 [on Demand Reprocessing] [systematic|»| _submit Request | Mark Al_| Refresh |
[Surae [
| 2 Observations. Shown: 1st and each until and including 2nd
o <]

1342184765  NGC 7023 Custom Position Qlh24m06.01s +68d10'39.8" 143

2009-10-04 12:58:30.0 2009-10-04 13:06:13.0 463.0 12323
[] |sPIRE Spirespect roPoint

Calibration_spec-aots_4-35pec-LonRes-Rep20-NGCT023_CP puspire

Calibration_pyspire_34 Public data 2009-11-13

1342183552 Croup 38 O0h22m25.47s 0604541, 2" 148

2000-10-08 10:20:00,436 2009-10-08 10:54:32.953 1523.517 12813
[ |pacs PacsPhoto

scan-hlue-135-Group 38 tmegeath

SDP_tmegeath_4 Fublic data 2009-11-18

Figure 1.4. The shopping basket of datatoretrieve from the HSA
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To select data for retrieval, click on the check box to the left of each record of the observations list,
and then click on Move selected to basket at the top of the panel. To see what is in your shopping
basket, click the Shopping basket button. The observations moved shall now have disappeared from
the Latest Results page and appeared in the Shopping Basket page.

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

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

Once the shopping basket has been filled with all the data you intended to retrieve, you are asked to
finally confirm the choice, by submitting the data retrieval request. The generation of the dataset to
be retrieved is then started (see Figure 1.5).

Herschel Science Archive 3.0

File Interoperability Help

of

Login/Register | Logout herschel On-demand Monitor |

Query Specification | Latest Results

User: herschel | I| Idle ‘
Confirmation of Request Page
| User ID | nerscner
| humber of [tems | 2 ovservations
| Estimated Total Product Size, M | 1245.85
Perform Estimation | ----------—- Not Vet Calculated -—-—-—-----~

tar (one file)

- no tar (Files loose)

compressed tar (one file)

[l

Confirm Abort

Figure 1.5. Dataretrieval request in the HSA

Thelast step promptsthe overlay of the Request summary panel. In this panel the number of requested
observations, the size of the dataset and the remaining quota are reported. Return back to the Query
specification or to the Latest Results page is possible in order to change the query or the shopping
basket selection, respectively. An estimation of the total size of the request is given so that you can
choose between thetar file option or acompressed tar file (filesof type. t ar . gz). Therequest should
be confirmed with the button at the bottom of the panel and then arequest ID is shown. This means
that the generation of the dataset has started. An e-mail will be sent to the request originator as soon
asthe data are available on the FTP areafor retrieval.

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

Warning

O If you use WinZip (and possibly other compression programs) to decompressyour tar files,
your FITS files may be corrupted. For more information on how to solve this problem,
please see Section 1.3.5.2.
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1.2.2. Accessing HSA Data within HIPE

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

2. Directly accessing the HUI from HIPE

1.2.2.1. Importing/exporting Herschel data to/from HIPE

Thetar file provided by the Herschel Science Archive (HSA) can be registered in HIPE asapool (see
Section 1.2.3 for information on local stores and pools) using the view Import Herschel data to HIPE.

Note that currently the tar file provided by the HSA should contain the whole observation context
(option ALL in HUI for retrieving data) in order to use the Import Herschel data to HIPE view. The
directory structure, once the tar file has been decompressed, should look like the following:

1342185538/

auxi liary/

cal i bration/
EVERDUGD9525728. t ar

Open the Import Herschel data to HIPE view (see Figure 1.6). Select a directory in which the files
coming from HSA are placed. Pressing the button Show Contents all the observations included in that
directory will be shown. Select the onesyou want to save into a pool, select the pool and press Import.
The observations saved into the pool are referenced automatically in HIPE.

HIPE
File Edit Run Window Help
Z L@s® @
22 variables x — o || £2 Import Herschel data to HIPE x ==
- Herschel Dir fhome/feverdugo /ftmp/EVERDUCO 1176020 || Erowse... |
O lg Observations 3221226004 (herschel.ia. obs. ObservationContext, urn number 220)
@ mypool2
@ mystorage
@ sys

Show Contents
Select All
Invert el

Target Pool mypool2 (Variable) v|

[impon |

39 0f 2032 MB L

Figure 1.6. Product loading into HIPE from the HSA tar file.
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This view providesthe following:

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

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

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

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

In the same way, pools can be exported to the standard (hierarchical) directory structure by using the
Export Herschel Data From HIPE view. Select one observation from a pool and an output directory
in the view, and press Export (see Figure 1.7).

v HIPE - [a]=

File Edit Run Window Help

. Le®s 5o aQ

22 variables x — o || i Export HIPE data to Herschel x\\-@ Import Herschel data to HIPE (=0
hd Qrigin FPool mypool2 (Variable)

©ip Observations

@ mypool2

@ mystorage

@ sys

Show Contents
Select All
Invert Sel

Herschel Dir fhomefeverdugoftest/

1107 of 2eErail L]

Figure 1.7. Product export from HIPE into standard Her schel directory structure.

Note
@ These views make use of the following two tasks, documented in the User's Reference
Manual:

e inmport Uf Di r ToPal : Section 2.197.
e exportPal ToUf Di r: Section 2.112.

The XML file needed by these two tasksisincluded in the HSA tar file under adirectory
caled . exported/.
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1.2.2.2. Direct access to HSA data from HIPE

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

To access the HUI from HIPE, click on the Herschel Science Archive icon on the Data Access page
or select the Herschel Science Archive view viathe Windows menu (see Figure 1.8).

HIPE - Herschel Interactive Processing Environment
File Edit Run Window Help

o L wEae

(3] Herschel Login X -0 Z Editor x h_ o

Mot logged in | Log out

Passwaord:
Log in

= Herschel Science Archive x =iE)
rAccess

Open HSA User Interface

w E console x % HISIQW\Q Lng\ﬂgg\farlames =iF)

no outline information available TAz>

rRetrieval

Load selected products ‘ | Cancel ‘

Mo data available vyet.

Figure 1.8. HIPE perspective for the HSA

Login first, and then click on Open HSA User Interface to access data in the HSA. Your credentials
will be automatically transferred to the HUI. Note that if an HUI was opened before starting HIPE,
opening a new one is not needed as the Plastic connection will be established automatically between
them. However, in this case you will need to login separately in both applications, HUI and HIPE.

Warning
O If you get amessage about Java WebStart (j avaws) not being present, it probably means
you are using a 64-bit version of Java prior to 1.6 update 12 (1.6ul12). To find out which
version of Javayou have installed, issue this command from aterminal window:

java --version
Java WebStart is a piece of software needed to fetch from the Internet the HSA

User Interface. You can obtain it either by switching to a 32-bit version of Java or
(recommended) by updating to Java 1.6ul2 or newer.

Query the HSA for the data to be retrieved. In the query result panel, close to every observation item,
you will see abutton called Send to External Application. Thisis a pull-down menu which allows you
to select several options:

» Auxiliary to send only auxiliary files (pointing product, event logs and so on) references

 Calibration to send only calibration files references
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Level 0to send only level O products references

Level 0.5 to send only level 0.5 products references

Level 1 to send only level 1 products references

Level 2 to send only level 2 products references

ALL to send the whole Observation Context reference, which includes al the files listed above

Select an option and, if the connection between the two applications (HUI and HIPE) is well
established, a pop-up window appears with the message Reguest sent successfully to external
application. In HIPE another message appears, indicating that there is one product ready to be loaded
(asin Figure 1.9). Many requests can be sent from the HUI to HIPE, which will be accumulating them
ready to be loaded at once.

= [} HIPE 2.0 - obsid_1342183681 BEa)
File Edit Run Window Heip
Sel-N N EE N S P@E®E B Q@
=1 & Edi = —
Query Specification | Latest|| — “frsmelsm"“ I x\—@ (] Editor x\é PAL Storage MM&EEdH Impont[ « » ¥ -0
i (&% obsid 1342187328 % obsid 1342188258 | { 4 » =

File Interoperability

User: herschel )
‘ Logged in as herschel | Log out | ObservationContext for SPIRE data of observation
Move Selected 1o Basket
Password: | |
Observations 2. Shown: 151 and each u|
) obsid_1342183681
| Log in I?' J auxiliary
— - (% browselmageProduct
= |+ (= browseProduct
134218474 £KESS 11 {111+ = calibration
— s (5
__ |send 1o External Application E: 2009-10- = |" %i ::’::g 5
=] = SPIRE Open HSA User Interface i
Retrieve - calib |~ 22 levell
alibrat % (3 level2
Calibra %9 |ogObsContext
s OK * || quality
13421859 qualitySummany
8 [2000-104 (7] :
I Request sent successfully 1o external application
PACS
scan-bl -Ok
SDP_tme
T
o5 i =
| Load selected produas | [ cancel | Be.. x\ [0 [Econsole (ilHistory' | 1{ «»=-0
- = =
@ obsid_1342177770
@ obsid_1342183660
: @ obsid_1342183660_Pacs_Lewvel_0_Produ
@ Queued 1 product for retrieval. © obsid_ 1342183681
@ obsid_1342187328
@ obsid 1342188212
@ obsid 1242188254
@ obsid_1242188258

| 368 of 3641 MB °

Figure 1.9. Retrieving observations from the HSA into a HI PE session.

Press Load selected products and the data will start to be loaded into HIPE (see Figure 1.10). During
the operation an indicator showsin the HIPE display that |oading istaking place and the system isbusy.
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1.2.3.

R HIPE 2.0 - common_C..roducts ===
File Edit Run Window Help
s e HE | e » kPR E®m B @
- Herschel Science Archive X _ 0| # Editor x PAL Storage Manager\(@ Import Herschel data to HIPE -0
e % common_C..roducts %
\eimere! i 2 (i M Context for SPIRE calibration products
Username: TR
name value unit description
P q I:l type SCal Froduct Type Identification -
assworc: creator $RCSfile: SpireCal.java, ... Generator of this product
creationDate|2009-08-03T16:27:4 Creation date of this product
description |Context for 5PIRE calibr... Mame of this product
instrument  |SFIRE Instrument attached to this product
~ACCess modelName FM Model name attached to this product
startDate 2005-02-01T00:00.0... Start date of this product
endDate 2020-01-01T00:00:0... End date of this product bt
| Open HSA User Interface
[=45PIRE Calibration conmon_Context_for...Tibration_products [ 71
-r@ Fhot
(2 Reset
T-B Spec
- (% TelemMask Editions (time dependent)
rRetrieval
OF Outline X — 0o || E console \Q\EE, H\smw‘g Log | a5 Variables x =iC
name common_Context_f % -
class SpireCal

Load selected products | | Cancel |

[ EWE L L T S AR (A |l co mmon_Context _for _SPIRE_calibration_products
. . @ obsid_1342183660
Biplgfofa“bm”’” © obsid_1342 183660_Pacs_Level_0_Froducts
© Reset @ ohsid_1342 189846 _Context_for_SPIRE_Level_1_products
® Spec @ obsid_13242 189846 _Herschel_Auxiliary_Context

@ Retrieval finished: 1 Products processed

@ TelemMask Editions (ti

| | EsS2oiseaime ] e

Figure 1.10. Product loaded into HI PE from the HSA.

If the option All was selected, avariable called obsi d_xxxxxxxxxx will be created in HIPE, with
an actual observation number. Other options are also stored in different variables as ilustrated in

Figure 1.10.

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

The products can be saved/stored into pools |later on (see Section 1.2.7).

Creating and saving products in a pool

Any product (an example being a complete observation in the form of an ObservationContext) can be
placed in apool, or storage area, on the hard disk of the user. Y ou can find advanced information on
thistopicinthe Scripting and Data Mining guide: Appendix A. Inthissection wewill simply illustrate
how to set up a set of stores (which act abit like mini databases) in which a user can place any output
datathat isin the form of a product, such as an observation.

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

store = Product Storage() # -"store" is the name (handle) we will use
# in our session to place things
myPool = Local StoreFactory. getStore("nyTestPool") # -"myTestPool" is actually
# the directory nanme where the store will be

store. register(nmyPool) # now link it/register it under the nanme of store
store. save(prodl) # -....and now we nerrily add our products called
store. save(prod2) # -...."prodl", -"prod2" and -"prod3" into the store
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1.2.4.

1.2.5.

store. save(prod3) #

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

The directory on your disk where the data physically residesin the directory ".hcss/Istore" which you
will find under your login directory. Y ou will seethat theinformation isactually held asahierarchical
set of FITSfilesthat can be treated like a database, allowing us to query and search for datain similar
ways to other databases.

Registering and accessing other data stores

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

#i nport Configuration conponents into the environnent

from herschel . share. util inport Configuration

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

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

# where the store is

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

nySt or e=Product Storage() # tell the systemit is a store of products
nyStore.regi ster(datastore) # register it

# -"nyStore" is now one of the selectable data stores on the Data Access nenu
ny St or e. save( " nmyProduct")

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

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

Data access via the HIPE GUI

Other than interactions with the Herschel Science Archive (which are discussed elsewhere in this
chapter), access to data is via the Product Browser perspective. Y ou can open the Product Browser

perspective by clicking on the P icon on the HIPE toolbar, or by choosing Window - Show
Perspectives - Product Browser.

1.2.5.1. Types of stored data

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

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

1.2.5.2. The Product Browser Perspective

The Product Browser Perspectiveisagraphical HIPE tool to simplify the retrieval and inspection of
Products from storages.
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Note
@ The Product Browser Perspective will be replacing the standalone Product Browser

whichwasusedin JIDE aswell asthe Data Access view whichisimplemented as prototype
only.

Open the Product Browser perspectivein HIPE: Window — Show Perspectives — Product Browser.

A visual tour of the product browser perspective

Thefollowing image shows the product browser perspective user interface. The screenisdivided into
four areas:

1.

3.
4.

The Jython console (A) can be used to load and initialize a product storage. Alternatively you can
use the PAL Storage Manager tab in the main area (B).

. The query area (B), where you enter query parameters.

Theresult area (C), where you view the query result.

The result inspection area (D), where you inspect a selected product.

T3 HipE EEX
File Edit Run Window Help
=] f&'}l’\l’wuﬂu
P Product Browser X\@“, PAL Storage Manager — o[ 5% Product Tree x -0
Observation | Mefadata | Free Metadata Unknown
[Target Name == name walue unit deseription | ‘
L tvpe 0BS5S Product Type Identification B
Froposal - creatar AUTO Generator of this praduct
Instrument == creationD...|2008-10-17T14:53.40Z] Creation date ofthis product
Operational Day —= iption |Unknawn MName of this product
N L=l instrument |Unknown Instrument attached to this product
=] |— D
Ohsenvation 1d =2 i rmodelMa.. [Unknown &2/ [Madel name attached to this product =
Observation Id (obsid == [s v P AR 2T 1
o EC herschel calsdb.model 2 AstroSource [ :cm....,.. Unknowndilirrayh3 2
# € fluxes - herschel.calsdh.madel2Flu - =
= € sed_0- herschel.calsdb. model2 Sef
[QUERY_RESULT 1 (sessi.. ¥ ||@ | herschel.ia.obs.Observatio.. ¥ ‘.é’“ [ versions K Refine “- P sedSpectrumList_1 - herschel cd
D Datasets (1/1)
aservation |d | Operational Day Ohservation start date ACT ID Ohservati.. | Target Na.. L on rsc hame valug
3] 1255791217734/2009-08-28T14:54:11.73400...[3 obsrode_3 |ohject_3 ~- C transitions - herschel.cal Narme |Datasetaz |
1255731218171/2008-08-28T14:54.1217100._ |4 ohsmode_4 object_4 -i;m P ©0(3-2) - herschel calsdh model
5] 1255791218671/2008-08-28T14:541267100.../5 obsmode_5 |object 5 T- P CO(4-3) - herschel.calsdbmodel ArrayData: Boolld—————————————
'T* P CO(B-5) - herschel calsdh model
© # P COU-6) - herschel calsdb mods
'T* P c[(1-0) - herschel calsdh model
@ P C[l](2-1) - herschel calsdb.model
[l ] v
Cl console x [~ o] 2t variables x
HIPE> params = java.util.HashMap() -
params.put['id', 'mypool') > mypool
ypooll = hersehel.ia.pal.wenagers.PoslCreatorFactory.createPooll '1std (||lo mystorage
el (params) °
ystorage = ProductStorage () © QUERY_RESULT
— @ QUERY_RESULT_1

| M mems

Figure 1.11. The Product Browser Perspective

The following sections describe each areain details.

Cookbook

1

Create a ProductStorage in the Jython Console (A, see Section 1.2.4) or in the PAL Sorage
Manager tab in the query area (B, seeSection 1.2.7)

. Specify attributes of a product in the query area (B).

Each linein the query areais called query term. If you enter datafor one query term agreen tick at
the end of the line will indicate if the term will be considered by the query. The query will return
only those Products that match all specified query terms.

Use the combo boxes and the check box at the bottom of the query area to further constrain your
query:
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HQUERY_F!EEULTJ (sessi '”@ ‘ herschel ia.obs Ohseratio.. ¥ |q§"°‘ [ wersions ¥ Refine

Figure 1.12. Product Browser Perspective Search bar

Use thefirst drop down box to select the product storage or any previous query result. Previous
results are stored in avariable called QUERY _RESULT_Xx, where x is a humber.

Note

@ Expert users: the result variable may be used as argument in a
ProductStorage.select() statement.

resul t s=st orage. sel ect (Met aQuery(...), QJERY_RESULT_1)

Use the second drop down box to constrain the type of the product you are looking for. If you
select "herschel .ia.dataset.Product” all product types will be returned. Note that for observation
queriesthis field defaults to herschel .ia.obs.ObservationContext.

The refresh icon can be used to reload the Products. This may be required in some rare cases
where you add a new Pool or some new Product type to a ProductStorage.

If the version checkbox is selected the query will include any version of a Product in its result.
Versions of Products are created whenever a saved Product is modified and stored again.

The Run or Refine button is used to execute a query. If you select a ProductStorage (e.g.
myStorage) in the first drop down box you can "Run" a query. If you select a previous result
(e.g. QUERY_RESULT_1) you can "Refine" this result.

. Click on the "Run" button to execute the query.

Y our result will be stored in avariable called QUERY _RESULT _x, where x is a number.

. Review theresultsin the result area (C).

Select arow to further inspect it in the left side panel.
Double click arow to create anew named variable in the variables view.

Right click arow to export the product to FITS. Y ou can even do that for a selection of Products.

Y ou can change the layout of the result table to match you needs.

Click on the column header to sort the column ascending or descending. You can sort up to 3
columns. Double click a column to reset sorting.

Drag and drop a column header to move the column

Right click the column header to change the layout. The menu entry "Predefined..." offers two
predefined table layouts.

Right click the column header to hide and display columns. Only checked columnswill be shown.

Right click the column header to add columns. The menu entry "Add column..." offersan option
to add a predefined column.

Note
@ Although you can configure the result table for your needs it currently lacks the

possibility to save your changes. This will be provided in the next version of the
perspective.

. Inspect selected resultsin the Product Tree View (D).
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Usethetree view to browse your product. Please be aware that if you open a Product the system
may haveto load it first. This may be atime and memory consuming operation.

e The meta data panel at the top will show the meta data of the currently selected Product.
» Theleft side panel will show viewers for selected Products or data sets.

» We strongly advice to maximize the Product Tree View to use the left side panel.

1.2.5.3. Using the Data Access View

Warning

o The Data Access view is deprecated and will be removed in a future HIPE version.
Equivalent functionality is available in the Product Browser perspective (see previous
section).

When selecting the Data Access view the user will have certain "pools® of dataavailable. These allow
access to data stored in registered data storage areas (basically areas accessible to the user on his/her
own computer or viathe internet to another computer). Storing data in user-named poolsis described
in Section 1.2.4. All pools currently need to be explicitly "registered” to tell the system where to |ook.

Using the Data Access View to query for products

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

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

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

Console view (see the HIPE Owner's Guide for more information on the Console view). This can be

saved and edited and used in batch mode processing. This helpsto avoid syntax errors by the user in
setting up queries on data stores.
Doing a search

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

* Openthe"Data Access' view.

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

« After inserting an appropriate query, click on the "Accept" button to bottom right of the view. Note
that if nothing is placed in the query then the total contents of the pool will be obtained. Thisisa
good way to seethe total contents of apool.

Search by observation

In this case we are dealing with high-level information. The datais part of certain proposal or uses a
particular instrument on a particular day. Clicking on the "Observation” tab in the Data Access view
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allows searches at thislevel based on instrument, proposal 1D, proposal name, observation ID (unique
observation numbers or operational day (See Figure 1.13).

-, Data Access X ' - 0

Gueny: ‘stnre1 "|

r Ohsenation r Attributes r Meta Data r Diata Mining
Target

Fropaosal Title

|
Froposal ID |
|
Instrument |

Operational Da\,r|

Ohseration 1D |

[J Al versions <" Bearch

Figurel.13. HI PE storeselection and panel for sear ching by infor mation on stor ed obser vation infor mation
in a product.

Search by attributes

The attributes of a set of data are standard to all (See Figure 1.14) and it is possible to do a search on
valuesin this given set of attributes -- which are listed in the query interface.

GUEr: |storage b

herschel hifi.pipeline. product HifiTimelineProduct b

|/ DOhserdsation |/ Attributes |/ Meta Data |/ Data Mining

Creator HifiFipeling |

Instrurment  [HIF| |
|
|

Type |

Model Name|

-Creation Date

Fru:um| |
Ta | |

-Applicable Date

Fru:um| |
Ta | |

Figure 1.14. Attributes available for search.
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Search by metadata

Meta data (like FITS header data) is data more specific to a given observation (See Figure 1.15).

GUEr. | storage -

herschel hifi.pipeline. product HifiTimelineProduct b

|/ Chsenation |/ Aftributes |/ meta Data |/ Crata Mining

(hey, it is a prototype)

Figure 1.15. M etadata sear ch.
Search by data mining

For data mining it possible to search on specific information contained within the science data itself
rather than the metadata. YET TO BE IMPLEMENTED (See Figure 1.16).

GUErY. | storage v

herschel hifi.pipeline. product HifiTimelineProduct b

f Chservation |/ Attributes r Meta Data r Drata Mining

(hey, itis a prototype)

Figure 1.16. Sear ch via data mining.
Output from a query and searching a query result

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

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

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

An example of search to display of data

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

1. We now intend to search for all HifiTimelineProducts (see second pulldown menu on the screen)

with instrument=HIFI within this store by searching on these attributes. The setup should look like
the screen shown in Figure 1.17.

', Data Access X °, = |

Query: |lstoret =l

( Ohservation |/ Aftributes |/ heta Data r Data Mining
Target |
|

Froposal Title |

Froposal [0

Instrurnent |HIFI

Opetational Dav|

Observation ID |

[C1 All Versions % Bearch

Figure 1.17. Set up of aquery for data out of our store.

2. Once this has been setup we click the "Search" button and the appropriate results are extracted
and placed in a query result (see Figure 1.18). A highlighted "QUERY_RESULT1" (the number
automatically placed at the end will increase depending on the number of queriesyou make) appears
and the data access store available for querying -- at thetop of the Data Accessview -- immediately
changesto QUERY _RESULT1 ready for further searching on theinitial query results.
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.

-, Data Access R\

Query. |QUERY_RESULTI

rDbsewatiun r.ﬂxﬁributes |/ mMeta Data |/ Drata Mining

Target |
Proposal 1D |

Proposal Title |

Instrurnent |HIFI

Operational Day|

Ohservation 1D |

] All Wersions

" Search

Figure 1.18. Query result obtained.

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

Figure 1.19).

7 Editor X =)
[® new1 (P hifihsap. cachedpy & | | UERY RESULT oH proc spdatasety | [ QUERY RESULTA X,

Resultz 0-50f 5 Results per page: |25 =

ACT Band ftem QBS-patch OBS-revision QBS-version Pipeline applied apid authar backend channels (>
] 3h 3 1 ] 122 1030 fAmarston  WAWES-H 5192 2005-073
1 3h 3 1 5 122 1030 f{marston WBS-H 5192 2003-03
2 b 3 1 ] 122 1030 ftmarston  WES-H 192 2005-07
3 3k 3 1 5 122 1030 fmarston WES-H 5192 2005-03
& 3h 3 1 5 122 1030 f{marston WBS-H 5192 2005-03
Ry D

Figure 1.19. List of query results appear in editor window.

4. Double-clicking on one of the results shown in the editor view creates the item (product) in the
session. It allowsusto pull out one of the selected products (e.g., "prod_3" for item number 3inthe
guery viewer) which can be manipulated in standard ways. For example, if we click on this product
in the Variables view we get an outline of its contents in the Outline view (asin Figure 1.20).
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o= Outline X °, =

name prod_3
class Datasetrapper
package herzchel hifi pipeline product

= prod_3
— [ Datazets
L @ datazet

Figure 1.20. One of theitemsis selected with outline of contents shown bottom left.

5. We seethat it shows asingle folder in the Outline view. Clicking on the first folder, it opensup to
show its contents which include a single dataset (asin Figure 1.20).

6. A right-click on the word "dataset" in the Outline view provides a set of viewer options. The

Dataset viewer will show the associated metadata (header) information plusatable of variousvalues
associated with the spectrum, include flux/count values per channel (asin Figure 1.21).

| Editor X

-0
[P Wew-1 % hifiheap. cachedipy & |1 QUERY_RESULT ScH prod_sr'detaset'] & (1 QUERY_RESULTY TE prod_3["dataset"] X
valug unit description

type herschelia dataset Product] HifiSpectru Product Type ldentification

crestor HitiPipeline Generator of this product

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

description Lnknown Mame of this product

instrument HIFI Instrument attached to this product

modeMame ILT_FM_144 Model natme attached to this product

staHDate 2007-06-22T08 40:562 Start date of this procuct

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

apid 1030 Apid

obsid 268513334 Obzervation id

backend WES-H Spectrograph: WES or HRS

channels 8192 Mumber of Channels

subbandstart_1 36 Starting channel for subband 1

subbandstart_2 2084 Starting channel for subband 2

subbandstart_3 4132 Starting channel for subband 3

subbandstart_4 180 Starting channel for subband 4

subbandlength_1 1976 Length of subband 1

subbandlencth_2 1976 Lencth of subband 2

subbandlength_3 1976 Length of subband 3 =

Figure 1.21. Metadata (header) display for the extracted spectrum.

7. Alternately, we can simply view the extracted spectrum dataset by selecting the "Spectrum
Explorer" viewer instead (see Figure 1.22 and HowTo on displaying spectra).
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¥ Editor X =

R | | QUERY_RESULT \ﬂ-1+ prod_3['dataset’] \ﬂ | | QUERY_RESULTI \Q.L‘_ prod_3[ dataset’] T‘H’ prod_3["dataset'] X 45

Observation: 268513334

fackend: WES-H, acneand: I
iofrequency: BEE.000, sds 1vpe- hot

Frequencyscale (MHz)
1 r

ALL 0O frmon_svalid | nrhytes |c:md_c:h0pp...| LOF_code |integraﬁons | packet time | buffer | Band_ATT | scancount | dark
1 [Witrue 2 |5.002442002.. (145641 149, [4 1561192893, [1 16.3,0.11 376 |1a@ 5132978, 10

| »

Figure 1.22. Displaying the extracted spectrum. Note that the view has been expanded using the
capabilities of the" Spectrum Explorer” viewer.

1.2.6. Data access via the Console View command line

Within the Console View it is also possible to access data directly from the command line. The
commandsfor doing thisare actually generated in the Console view when using the dial og interactions
noted above.

In the following we show how the information can be extracted into "newVariablel" (as per above
example) which is then ready for display, fitting etc.

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

QUERY_RESULT1 = StorageResul t( storel,

\

herschel . i a. pal . query. Met aQuery(herschel . hifi.pi peline. product. Dat aset W apper,
\"p", -"(p.neta.containsKey(\"instrument\")
\ and p.neta[\"instrument\"].value == \"H FI\")") -)

We can always print to the screen the contents using
print QUERY_RESULT1
Queries on the observation or meta data windows are MetaQuery's rather than AttribQuery's.

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

prod_3 = QUERY_RESULT1[ 2] . pr oduct

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

3. Get the dataset out of the product.
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data_3 = prod_3["dataset"]

The Outline view of data 3 will show it is of the form WhsSpectrumDataset and that it isa HIFI
pipeline product.

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

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

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

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

Note
@ Advanced information on this topic is available in the Scripting and Data Mining guide:
Appendix A.

The easiest way to save and restore products in a HIPE session is to place them into a "local store”.
The "local store" is a simple folder structure which contains pools of products in the form of FITS

fileswith corresponding metadata. Pool folders usually reside in the ".hcss/Istore” directory under the
user's own home directory.

The "PAL storage manager" view in HIPE is shown in Figure 1.23. This allows the user to easily
create pools, open aproduct storage and register apool init. Morethan one pool (directory of data) can
be placed in a storage, if wanted, making many products from different observations or instruments

available from the same storage area. The ID given to the storage is the one needed to directly access
the products from that storage.

HIPE
File Edit Run Window Help

] Editor % [—o]| dh PAL Storage Manager x

Pools

Pool | v‘ | Delete |

Fool ID: \ Type! ‘\smre v| ‘Cr-‘:a(»:l

rStorag

Storage; ‘ '| |D-’:\-’:te‘

rRegistered pools

=%\ [_o|[Econsoe (i Hisoy L [« »z-0D
name  |hsaSto -
class |Produ

package |hersc| sastor:

41 0f 2032 MB .

Figure 1.23. View for creating a pool for storing products
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On the top panel are shown the list of user's pools under ".hcsg/Istore" directory. New pools can be

created fill-in Pool 1D field and clicking the "Create" button. The action performed by the button is
echoed in the HIPE Console (see Figure 1.24).

v

HIPE ==
File Edit Run Window Help

B@e s 2a

El console x

_ 0 || &b PAL Storage Manager x —o
HIPE> mypool = simplePoolCreator( type='lstd|| "
name="'mypool' ) Paol: | ~| [Delete ]
HIPE>
Pool ID: |mwuu| Type: |\5ture " ‘ Crea\e‘
ratorag
Storage: | V‘ ‘ Delete ‘

Registered pool.

a0 EEm——D
2% variables x _o

-
@ ip
e
@ sys

__35 of 2032 MB .

Figure 1.24. Listing available pools

Under panel Storages appear anumber of pre-defined storages. New ones can be created (Figure 1.25).
Moreover, pools can be registered on the storage by selecting the Storage and pressing "Add": A pop-
up window will appear with the list of the available pools (Figure 1.26).

.

HIPE ===
File Edit Run Window Help

_ mes®EaQ
& console x G 4h PAL Storage Manager X [j‘
HIPE> mypool = simplePoolCreator( type='lstd|| ™

name='mypool' )

Foal ‘ v| ‘ Delete ‘
HIPE> myStorage = ProductStorage()
HIPE> Pool ID: |mvpuu| Type: |\sture v‘ ‘ Create ‘
rStorag
storage: | v | [Dekete]
Storage D, Create

Registerad p

e

2% variables x

-0
-
@ ip
@ mypool
e
® sys

36 of 2032 MB .

Figure 1.25. Adding new storages
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v

HIPE == ][
File Edit Run Wincow Help
; L@ = =
El console x _ 0| db PAL Storage Manager x B
HIPE> mypool = simplePoolCreator( type='lstd||/"
nhame="mypool" ) Paal: | ~| [Delee]
HIPE> myStorage = ProductStorage()
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Figure 1.26. Adding already existing storagesto the session

Saving data

In order to save a product into the local store we need to open a product storage, register a pool in it
and then save the product into the pool. Thefirst threeitems are discussed int he previous section. The

following example also illustrates how this can be done on the command-line. The last line actually
saves the data in the store.

store = Product St orage()

myPool = Local StoreFactory. get St ore("nyTest Pool ")
store. register(nmyPool)
store. save(nyl mage)

Now the product "mylmage" is saved in the local store in the directory on local disk called
${HOME}/.hcss/Istore/myTestPool .
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HIPE
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HIPE> myStorage.save( obsid_3221226239 )
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Figure 1.27. Save productsto Storage view

Saving in HIPE can also ssimply be done using the " Save Products to Storage” view (see Figure 1.27),
which allowsto easily save productsinto a pool by simply selecting those in your DP seesion and the
storage to use. Saving them in the storage occurs with the "Save" button at the bottom of the view.

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

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

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

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

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

Next we need to put in a product:

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

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

Restoring data using the productBrowser

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

store = Product St orage()

nyPool = Local StoreFactory. get St ore("nyTest Pool ")
store. register(nmyPool)

result = browseProduct (store)

Y ou can then query the available products in "myPool", select the one you need, add it to the basket
and then exit the pr oduct Br owser . The steps are shown in the following screenshot:
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Figure 1.28. Restoring product from thelocal store using the pr oduct Br owser
These are the steps explained:

1. Select the product class to be of type Product

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

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

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

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

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

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

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

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

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

Restoring data using command line queries

We can search the local store for products with a given attributes. For example, querying the local
store pool "myPool" for products with description matching "An image":
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quer y=Met aQuer y( Product, "p", "p. descri pti on=="An i nage'")
resul t s2=store. sel ect (query)

print results2

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

imge = resul ts2[0]. product

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

1.2.8. Saving images and tables as FITS files

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

1.2.8.1. Saving with a Task Dialog

The simplest way to save data is using the si npl eFi t sWi t er task. It is required that the data
(image/table/set of spectra) are wrapped up as a product. An example product is an observation itself.
But we can wrap any dataset into a product so that the appropriate metadata (header information) and
history is available. Clicking on the name of any product will show this task available in the Tasks
under the Applicable Tasks folder. A double-click on the task (shown in green) brings up the simple
dialog shown in Figure 1.29.

7 Editor % [ =i
(@ New-1 { | QUERY_RESULT ‘{1 prod_2 | ® simpleFitsWriter x ',
Input

product™: & prod_2

file ‘ || Browse. . |

routput |

-infio

Lnknowen o
status:
-

progress. 0% |

Figure 1.29. FITS save task dialog.
The only option the user needs to fill in is the name of the output FITS file. The default directory

is the one that hipe was started from, so the full path name is usually required. Hitting the "Accept"
button runs the task.

1.2.8.2. Saving Using Command-line Inputs

The FITS reader and writer in HCSS is in the FitsArchive package. First, let's store the product
"mylmage" from our previous examplein aFITSfile.
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fits=FitsArchive()
fits.save("testFits-filel.fits", nyl mage)

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

No. Type EXTNAME Bl TPl X Di mensi ons( col ums)
0 PRI MARY 32 0
1 | MAGE i mage --64 100 100
2 | MAGE flag 16 100 100
3 | MAGE error --64 100 100
4 | MACE exposure --64 100 100

1.2.8.3. How to Save TableDatasets as FITS Files

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

fits=FitsArchive()

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

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

The resulting structure of the saved FITSfileis:

No. Type EXTNAME BI TPl X  Di mensi ons( col ums)
0 PRI MARY 32 0
1 BINTABLE table 8 2(3)
Col utm Nane For mat Di s Units TLM N TLMAX
1 X val ues 1D
2 Y val ues 1D

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

1.2.8.4. How to Read FITS Files

You can use two tasks to read FITS files: fitsReader and si npl eFi t sReader. The
fitsReader task (see Figure 1.30) will try to guess what the file contents are (by looking at the
XTENSI ON keyword) and will put the contents in a variable of the appropriate type. This in turns
determines what kind of other tasks are applicable to the data. If f i t sSReader does not recognize
the file contents, it defaults to the si npl eFi t sReader task. This task is optimized to read data
from FITS files as packaged by HCSS. If the file is not an HCSS FITS product, the contents are put
in unformatted arrays. Y ou can choose how to read the file or |et the software choose.

TorunfitsReader or sinpl eFi t sReader from HIPE, go to the Tasks view, select the All
tasksfolder and scroll downtof i t sReader orsi npl eFi t sReader . A double-click onthename
opens its dialogue window. Insert the input file name and click the Accept button to run the task and
read inthe FITSfile.
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1.2.9.

i fitsReader x %

~lnput
file* : @ | H Browse. .. |
fitstype : L= |Guess V|
rOutput
Variable name for data; |data |
~Info
reacly -
status: o
=
progress: 0% |

Figure 1.30. FITSread task dialog.

Creating and reading ASCII table files

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

command-line.

If you click on a variable of type Tabl eDat aset in the Variables view of HIPE, you will see
asci i Tabl eWi t er inthe Applicablefolder of the Tasksview. Double-clicking onthistask brings
up adiaog for creating an ASCI| table. The simplest way of formulating an ASCII tableisto take the
defaults and simply fill in a name for the output table. But more sophisticated options are available

(see Figure 1.31).
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Figure 1.31. FITS savetask dialog.

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

* file = output file name.

* table = Tabl eDataset to wite.

* configFile = configuration file where the formatter

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

(Tabl eTenpl ate) nust be specified. Wen configFile paraneter is specified,

any paraneter related to parser or to table tenplate are not all owed.

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

file will be created.

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

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

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

* formatter Commented (default Ascii Formatter comments all owed) = Specifies

if there are conments when witing a file (true/false).

* formatter Comment Prefix (default Ascii Formatter comments prefix value) =

Specifies what the prefix is for identifying all comments.

* tenplate (I NPUT, default value: extracted fromthe first file rows) =

Tabl eTenpl at e obj ect for specifying the data structure (see the Advanced
User's Manual for nore details).

Clicking on Accept at the bottom of the task dialog window runs the task and creates an ASCI| table.

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

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

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

file will be created.

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

* parserlgnore (default AsciiParser ignore val ue)

= String expression to ignore when parsing a file.

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

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

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

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

*

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

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

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

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

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

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

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

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

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

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

a RegExpParser (regular expression) is selected.

* tenplate (I NPUT, default value: extracted fromthe first file rows) =
Tabl eTenpl at e object for specifying the data structure. See Tabl eTenpl at e.
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Figure 1.32. ASCI| read task dialog.

Information on saving and reading tables from the command line is available in Section 1.3.2.

1.3. In depth

1.3.1. Saving and restoring variables

Some or al of your variables can be saved to disk and restored later in the same session, or even a
different session. Variables types that can be saved are:

» Simple scalar values, lists and strings (1, [1,2,3], "astring")

* Numeric arrays (Intld, ... Complex3d)

Datasets (TableDataset, ArrayDataset, CompositeDataset)
 Products

These can be saved from and brought back into a HIPE session using the save and r est or e
commands. Thisisillustrated in the following example:
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1.3.2.

a=1
b=[1, 2, 3]
c="Hell o worl d"

x=I nt 1d. r ange( 3)

y=Conpl ex2d([ [1+2],3+4j,5+6j], [O0+1j,2+3j,4+5]] -] -)
z=Doubl e3d(4, 2, 3)

z[0,0,:]=x

z[3,1,:]=x+1

u=ArrayDat aset ( dat a=x. copy(), descri pti on="Denp array dataset")

# ---- save sone of the above vari abl es
save("xyz.sav","x,y, z")

# ---- save all variables
save("all .sav")

# ---- nmake all variables invalid
a=b=c=u=x=y=z=None
print a,b,c

# ---- restore x,y,z
restore("xyz.sav")
print x,y,z
x=y=z=None

print x,y,z

# ---- restore al
restore("all.sav")
print a,b,c

print x,y,z

print u

Example 1.1. Using save and restore

ASCII table import/export

For the following examples to work you need the herschel .ia.io.ascii and herschel.ia.dataset packages,
which should be imported automatically into your HIPE session.

Thetool to read and write tabular ASCI| filesiscalled Asci i Tabl eTool . Inyour session, you may
have multiple instances of thistool - each with adifferent configuration to suit the format of the input/
output tables being used.

In general, create the ASCII tool with default settings

ascii = Ascii Tabl eTool ()

Theasci i variable now representsatableimport and export tool. Y ou can apply methodsonasci i
to load and save tabular information from and to an ASCI| file.

Let us set up a TableDataset to export. Input the following lines into the HIPE console view:

tabl e = Tabl eDat aset ()

tabl e["x"] = Col umm(Doubl eld([1.0, 2.0, 3.0]))
table["y"] = Col um(Doubl eld([ 4.0, 5.0, 6.0]))
table["z"] = Col umm(Doubl e1d([7.0,8.0,9.0]))

Y ou can now export it to an ASCII file with the following command:

ascii.save("table.output”, table)

Thefilet abl e. out put lookslikethis:
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X,Y,Z
Doubl e, Doubl e, Doubl e

Thefirst two lines show the name and data type of each column. The third and fourth lines show the
units and description of the columns. Here they are empty because you did not set any.

To load the data back into HIPE use the following command:

| oadedTabl e = ascii.l oad("tabl e. output")

You can look at the new TableDataset by typing pri nt | oadedTabl e, to seethat it is the same
ast abl e, as expected.

You can change the behaviour of the tool to allow various formatting changes with the following

attributes:

parser = yourParser Changes the line parsing behaviour at import
formatter = yourFormatter Changes the line formatting behaviour at export
template = yourTemplate Specifies how to interpret raw cell data

For example,

ascii.parser = CsvParser ()

indicates to use the CsvPar ser , while

ascii.formatter = CsvFormatter(delinmter = -'&)
indicates that we want to use a non-standard delimiter (ampersand rather than a comma).

1.3.2.1. Import parsers

A parser controls how to break-up alineinto table cell data. All parsers share the following attributes:

Lines containing expression are ignored. By
default the expression skips lines starting with
a hash, possibly preceded by one or more
whitespaces:

ignore = expression

First number of lines can be skipped by specifying
avalue>0. Default isO.

Whether to strip leading and trailing spaces.
Default is O (false).

skip = value

trim = 0|1

Thefollowing lines make the parser skip thefirst twenty lines and remove leading and trailing blanks:

20
1

ascii.parser.skip
ascii.parser.trim

The following input parsers are available:

» Comma-separated-variable parser.
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The Comma(Character)-Separated-V ariable Parser named CsvPar ser breaksup alineinto cells
using adelimiter symbol. The delimiter character can be part of one or more cell-data itself.

In addition to the common attributes of any parser, a CsvPar ser gives you control over the
following extra attributes:

The character used to distinguish cells within a

delimiter = character line of data. Default is acomma character ','.

The character used if cell-data contains a
guote = character delimiter character. Default is a double quote

character ""'.

This example skipstwo lines and makes the delimiter symbol a semi-colon. The* character isused
to indicate cells containing the delimiter symbol.

ascii.parser = CsvParser(skip=2,delimter=";"', quote="*")
» Fixed-width parser.

The Fi xedW dt hPar ser breaks up aline into cells by interpreting every cell to be of a fixed
number of characters.

In addition to the common attributes of any parser, a FixedWidthParser gives you control over the
following extra attributes:

An array n elements, where n is the number of
sizes = array columns, and each element specifiesthe width of
that cell.

Thisexample uses a Fi xedW dt h parser that expects three columns in the table with widths 10,
20 and 10 characters respectively - and in that order.

ascii.parser = Fi xedW dthParser (sizes=[10, 20, 10])
» Regular expression parser.

The RegexPar ser breaks up alineinto cells by interpreting every cell to be separated by a set
of characters given by a standard regular expression.

Thefollowing short example usesaRegexPar ser that expectsavertical slash separator with one
or more spaces either side.

asci i . parser =RegexPar ser (del im ter="\s*\|\s*")

1.3.2.2. Export formatters

A formatter controls how to format a row of cells into a line of ASCII. All formatters share the
following attributes:

States whether comments will be allowed in the

commented = Of1 output or not. Default is O (false).

commentPrefix = string Prefix used for all comments, default="#".

Whether to precede the actual data with header
information, default is O (false). This header may
contain name, type, units and description of each
column

header = 01
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In the following example, first indicate that a header is to be added to the output table, then allow
commentsin the output and finally indicate how comments are prefixed in the table.

ascii.formatter. header=1
ascii.formatter.coment ed=1
ascii.formatter.comrent Prefix="$$$ -"

The following export formatters are available:
» Comma-separ ated-variable formatter.
Please read its counterpart CsvPar ser (see Section 1.3.2.1) for parameters and defaults.

The default comma(character) separated variable formatter has a ', delimiter and a '# quote
character.

formatter = CsvFormatter()

The delimiter and quote characters can be changed, e.g. the & symboal is useful for creating latex
tables

formatter = CsvFormatter(delimter='& , quote='<")
 Fixed-width formatter
Pleasereaditscounterpart Fi xedW dt hPar ser (seeSection 1.3.2.1) for parametersand defaults.
Take default width for table cells
formatter = Fi xedW dt hFormatter()
Set the width of 3 columns of cellsto specific sizes

formatter = Fi xedW dt hFormatter(sizes=[5,12,3])

1.3.2.3. Table template

Many tabular ASCII files contain only raw data. Though the human eye may interpret cell-data being
astring or arational number, the computer needs some more information.

The Tabl eTenpl at e alows you to specify such information. The only mandatory argument for a
table template is the number of columnsthat are expected. Its optional attributes are:

naMmes = arr Specifies names that will be attached to the
- arey columns.
Specifiesthetypesof all columns. If not specified,
VDES = arT the template assumes that al columns are of
yp &y type String. Allowed types are: Bool ean,
I nt eger, Fl oat, Doubl e and St ri ng.
units = arr Specifies the units of all columns. Uses Sl units,
- ary and units that are accepted for use with SI.
descriptions = array Specifies comments for all columns.

The following table template indicates a table with four columns with associated hames character/
number types and associated units

ascii.tenpl at e=Tabl eTenpl at e( 4, \
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names=[ " Franme", " Energy", "Foo", "Bar"], \
types=["Integer", "Doubl e", "Doubl e", "Doubl "], \
uni ts=["s","eV","N m--1","kg L-1"])

1.3.2.4. Examples of how to import/export ASCII tables

Section 1.3.2 introduced the various import and export capabilities of the Asci i Tabl eTool . We
can put these together to illustrate how a user can import and export ASCII tables of virtually any
type. The example below provides an illustration of how to handle ASCI| tablesin HIPE. A number
of ASCI|I tables are created and reimported. These can be viewed by opening them in HIPE (or within
any other text editor). In order to run the program the user will aso require an input file, which is
given below. Remember to rename the fileto asci i _denp_dat a. t xt , and to delete any blank
lines at the end, otherwise you will get an error when reading its contents.

# Sanmple file, using default settings of Ascii Tabl e object
# tabl e=Asci i Tabl eTool ().l oad("ascii_denp_data.txt")
Frane, Count s, Val i d, Conment s

I nt eger, Doubl e, Bool ean, String

1,1.0
2,5.0,true,

3,0.0,fal se,inconpl ete data
4,0.0,fal se, m ssing data

5, 1. 234567E- 8, true,

# ---- inport a table that conplies to default settings
asci i =Asci i Tabl eTool ()

tabl e=ascii .l oad("ascii_denp_data.txt")

# ---- export a table using defaults settings:
ascii.save("tabl e. out1",tabl e)

# ---- export using Fixed Wdth format, wi th header info:

ascii.formatter=Fi xedW dt hFormatter(si zes=[8, 16, 8, 30])
ascii.save("tabl e. out2",tabl e)

# ---- inporting it back requires Fixed Wtdh parser
asci i . par ser =Fi xedW dt hPar ser (si zes=[ 8, 16, 8, 30] )

t abl e=ascii .| oad("tabl e. out 2")

# ---- export using Fixed Wtdh format, only raw data:

ascii.formatter. header=0

ascii.save("tabl e. out3",tabl e)

# ---- inporting a raw -"fixed width" table that has only data. So we
# have to define the tenpl ate ourselves:

asci i . tenpl at e=Tabl eTenpl at e( 4, nanmes=["Frane", " Count s", "Val i d", \
"Comments"], types=["Integer", "Double", "Bool ean","String"])

t abl e=ascii .| oad("tabl e. out 3")

# ---- saving current state of Ascii Tabl eTool :
ascii.save("table.tenpl ate")

# ---- quick save table with default settings, equivalent to

#"tabl e. out 1":

Ascii Tabl eTool (). save("tabl e. out 4", tabl e)
# --- reloading state:

m ne=Asci i Tabl eTool ("tabl e. tenpl ate")

t abl e=mi ne. | oad("t abl e. out 3")

m ne. save("tabl e. out5", t abl e)

# ---- saving with comments

tabl e. descri pti on="Sanpl e description can be found here"
m ne. formatter. header =1

m ne. formatter. comment ed=1

m ne. formatter.comment Prefix="; -"

m ne. save("tabl e. out 6", t abl e)

Example 1.2. ASCI| demo data

Finally, we also present an example of the use of the RegexPar ser for importing tables.

from herschel .ia.io.ascii inport *
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1.3.3.

#instantiate the table tool

ascii = Ascii Tabl eTool ()

# regul ar expression |ooks for vertical slash between spaces
asci i . parser=RegexParser (delimter="\s*\|\s*")

#6 colums will be read

ascii.tenplate = Tabl eTenpl at e(6)

# now | oad it

cat = ascii.load("test_ascii_space.dat")
#get the nunber of data elenents in the first colum
n = len(cat["Col umQ0"]. dat a)

#Now print out the colums we have read into -"cat"
for i in range(n):
print cat["ColumQ"].data[i],cat["Columl"].data[i],\
cat["Colum2"].data[i],cat["Col um3"].data[i],\
cat["Colum4"].data[i],cat["Col um5"].data[i]

HHHHH AR HHHHH

The data file for the above script is the follow ng which shoul d
be called -"test_ascii_space. dat":

HUHHR
1-]2 -] 3-] 4

2 -] 3 -] 4-]5
3-14-]5 -|6
4-15-16-1 7-|

| 5-16-17-18 -
6 l7-1 8- 9 -
a -l b-] 8-]9-
HUHH RS

The result from above script should | ook |ike this:

BHHHHAR

1 2 3 4 None None

2 3 4 5 None None

3 45 6 None None

4 5 6 7 None None

None None None None None None
None 5 6 7 8 None

6 7 8 9 None None

a b 8 9 None None

HHHHH

Saving to and loading from FITS files

Thetool to write and read Products to and from FITSfilesisFi t sAr chi ve. Inyour HIPE session,
you may have multiple instances of thistool, each with a different configuration.

In general, you can set up a FITS file for archiving, export products to it and retrieve back a product
fromaFITSfile.

A generic FITS reader is also available. This generic reader can parse FITS files that were created by
applications other than the HCSS software.

# Note that this exanple will fail
# unl ess you have a FITS file called input.fits!

fromherschel .ia.io.fits.FitsArchive inport *

fits=FitsArchive(reader =STANDARD_READER)
product=fits.load("input.fits")

nmyDi spl ay3 = Di spl ay(Doubl e2d( product["Pri maryl mage"] . data))

# which takes the data fromthe FITS file, puts it into a 2D array
# and displays it.

Example 1.3. Using FitsAr chive
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1.3.4.

Thepr oduct variable can be manipulated in asimilar way as other arrays. In the above example, a
2D FITSimageis displayed after having been imported.

A product containing data and meta data can be saved into a FITS file using the following command:

fits.save("output.fits", product)

In particular, you can save aSi npl el mage in FITS format:

fits = FitsArchive()

nmyl mage = Sinpl el nage(descri ption="An i mage", i mage = Doubl e2d(50, 100), \
err or =Doubl e2d( 50, 100), exposur e=Doubl e2d( 50, 100))

fits.save("nyl mage.fits", nylmage)

Warning
o The above code will generate a FITS file with the value 50 assigned to the NAXI S2
keyword and 100 assigned to NAXI S1. In other words, the image size will be 50 pixels
along the y axis and 100 pixels along the x axis. The coordinate values will be displayed
in this order (y, x) in the Image Viewer. For an explanation of why they size is specified
before the x size, see the Scripting and Data Mining guide: Section 2.6.1.

Parameter name conversion and FITS header

The current implementation of the FITS archive converts long, mixed-case parameter name, defined
in the meta data of your product, into a FITS compliant notation. The latter dictates that parameter
names must be uppercase, with amaximum length of eight characters. Clearly, we do not want to force
all our parameters to have names that fit within such a FITS specific restriction.

The FITS Archive uses lookup dictionaries that convert well known FITS parameter names into a
convenient and human readable name. The following dictionaries are in use:

e 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

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

product . met a[ " sof t war eTaskName"] =St ri ngPar anet er (" FooBar ")

Providing the following FITS product header via direct translation using the lookup dictionaries.
HIERARCH key.PROGRAM='softwareTaskName'

PROGRAM = 'FooBar'

A full demonstration of FITS 1O is available in the example below. The script creates a product with
several (nested) datasets, storesit into a FITSfile, and then retrievesit again.
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# first we will get some unit definitions for our exanple
from herschel . share.unit inport *
fromjava.lang. Math inport PI

# ---- construction of a product. note this is only for denobnstration
# purposes. For nore infonation, please see the dataset and numeric
# chapters of the manual (chapters 5 and 6).

poi nt s=50

x=Doubl eld. r ange( poi nts)

x*=2*P| / poi nt s

eV = Energy(). ELECTRON_VOLTS

#Create an array dataset that will eventually be exported

s=Arr ayDat aset (dat a=x, descri pti on="range of real\

val ues", uni t =eV)

degK = Tenperature().KELVIN

#provi de some netadata for it (header information)

s. neta[ "t enper at ure"] =LongPar anet er (1 ong=293, \

description="room t enper at ure", uni t =degK)

#we can store the array in a FITS file

#after making it a Product

p=Product (descri pti on="FI TS denonstrati on", creat or="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"] =Stri ngPar anmet er (" Uni t Test")
#add the array of data to the product

p["nyArray"]=s

# store in FITS file

fits=FitsArchive()

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

# and restore it
scopy = fits.l|load("sdeno.fits")

#create a tabl edataset for export

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

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

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

c=Conposi t eDat aset (descri pti on="Conposite with three datasets!")

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

c["chil dTabl e"] =t

c["chil dNest"] =Conposi t eDat aset ("Enpty child, just to prove nesting")

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

# tabl edatset and array dataset.

p=Pr oduct (descri pti on="FI TS denobnstrati on", creat or ="deno. py")
p. creat or =" You?"

p. nodel Name="denonst r ati on"

p. met a[ " sanpl eKeywor d"] =\

Stri ngPar anet er (" Exanpl e keyword not in FITS dictionaries")
p. met a[ " obser vati onl nst runent Mode"] =Stri ngPar amet er (" Uni t Test")
p["nmyArray”] =s

p[ " nyTabl e"] =t

pL"nmyNest"] =c

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

# -... load it back into a new variable, n,...
n=fits.l oad("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 netadatal/keywords

BXaMiple 1B I TS 1O example

#and | ook at a specific piece of netadata
print n.meta["startDate"]
SY



Data input/output

1.3.5. Caveats

For more information see the FITS |O general documentation.

1.3.5.1. FITS header character limit

A FITS header card is limited to 80 characters. Within those limitations the Fi t sAr chi ve will
try to store the abbreviated FITS keyword, parameter value, and in the comment area optionally
a quantity and description. The latter two might be truncated due to these limitations. Also a
St ri ngPar amet er with along value can be truncated.

1.3.5.2. Corrupted FITS file after unzipping

The Herschel Science Archive provides an option to download observations as a TAR (zipped) file.
Windows users often extract such a file with the WinZip program and find that their FITS files are
corrupted.

Thedefault settings of WinZip triesto be smart and convertstext filesto DOS format, which meansthat
thelinefeed (LF, or \ n) character is replaced by line feed and carriage return (CR, or \ r ) character.
Obviously this should not be done to binary files.

WinZip seems to determine whether afiles is an ascii file by reading the first few characters of the
file if thisislookslike plain text, it will do the conversion. Unfortunately al (binary) FITSfiles start
with theword "SIMPLE". Hence the FITSfileisinterpreted as text file and conversion and therefore
corruption takes place.

The above is the result of running WinZip with default settings. Fortunately WinZip provides a way
to disable the conversion. The steps below describe the procedure for WinZip 12.0.

* Select Options — Configuration...
* Go to the Miscellaneous tab

* De-select the TAR file smart CR/LF conversion option (see the figure below).
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Wiew I Toolbar I Folders | Swstem I Explorer Enhancements I Passwords | E-mail  Miscellaneous
Skart-up Other
™ Mesxt time start with the Wizard interface ¥ Windows Explorer-style Extract dialog box
u Automatically show the Open Archive dialog box ?TF\R file smart CRJLF conversion
Always have \WinZip on top

—Show Add dialog when dropping Files on: . .
e - Beep after long archive operations
¥ an archive in Explorer
v Use Recycle Bin For move operations
¥ an open WinZip window
v Prompt when Yiew butkon is pushed

—Check For Updates 3 Deskkop theme/screen saver installer
= Check automatically every: ™ show comments when opening Zip files
wal ; :
R j i Display status dialog For long operations

v Prompt before running WinZip jobs

@ Ask hefore checking, once a week ¥ Stare extended time stamps in Zip files
" Do not check for updates ¥ stare Unicade filenames in Zip files
Check For Update Mow | Mumber of files in recent File lisk: Ig j
Program to create self-extracting Zip Files
(Make Exel;
Restore all caution messages |

IC:'l,Pru:ugram Files\wWinZip\\WZSEPESZ.EXE | |

(o4 I Cancel Help

Figure 1.33. The Configuration dialogue window in WinZip.
Note

It seems that 7-Zip does not cause this problem. If using another compression software,
please consult its documentation. Y ou may want to inform the Herschel Editorial Board
of your findings so that they can be included in this section.
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Chapter 2. Data display

2.1. Summary

This chapter teaches you how to display and inspect data of several different types:

e Tabular data, especialy as Tabl eDat aset objects. Table datasets are the main building blocks
of the data products containing your observations.

» Images, which internally are just a particular type of table dataset.
 Spectra and data cubes.

For information on more sophisticated analysistools for images, spectraand data cubes, see Chapter 4
and Chapter 5. In particular, for information on the WCS (World Coordinate System) see Section 4.2.4.

Note

@ Throughout the section, a JPEG image of NGC 6992 is used asexample. Thisimage can be
fetched fromthedat a/ i a/ deno/ dat a folder of your HIPE installation (click herefor
alocal link if you are viewing this document with the HIPE Help System: ngc6992.jpg).

2.2. How to

2.2.1. Viewing an image

To display an image in HIPE, double-click the image name (for instance in the Variables view). The
standard image viewer display will appear in the Editor view (see Figure 2.1).

Tip
@ If you have alargeimage, you may want to undock the image viewer from the Editor view

(by clicking and dragging the viewer tab) and then enlargeit.

| Editor X [ =i

@ a x

. —

FFl 240 MLA [ NLA
&[AlE]A] 1o [T]

Figure 2.1. Viewing an imagein HIPE.

The two smaller boxes on the right show the following:
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» A zoomed image around the mouse position.

» Anoverview of thefull imagewith the areashown in the main pane outlined by arectangle. Thisbox
asoillustratesthe directions N and E on the display based on the WCS coordinates of the image (or
XandY if no WCSis present). Y ou can change the position of the zoom/pan region by dragging it.

Click and drag the mouse pointer on the gradient bar below the image to change intensity levels.
With the four icons at the bottom left corner you can (I€eft to right):

e Zoomin

» Zoom out

* Zoom to fit window

e Zoomto origina size

The number next to the zoom icons is the current zoom level. Y ou can modify it and press Enter to
set anew zoom level. By clicking the double-arrow icon you can flip the direction of the Y axis.

The three boxes below the image show the following information (left to right):
* Pixel coordinates at mouse pointer, listed as (y, X)

 Pixel intensity value at mouse pointer

» WCS coordinates (if defined) at mouse pointer

Right-click on the image to display a context menu with additional options (see Figure 2.2). In
particular, you can print the image or save it to file (with Create screenshot). Y ou can save either the
whole image or the current view, in one of four formats (JPG, PNG, BMP and PS).

Edit colors. ..
Edit cut lewvels...

Zoaom in
Zoom out

et coordinates

Annotation toolbox. ..

Create screenshot...
Print the image. ..

Flip " Axis

View header

Figure 2.2. Image editing functions.

2.2.2. Simple image editing

This section describes simple tools to change the colours and the cut levels of an image, and to add
drawings and annotations. For more sophisticated processing and analysis routines, see Chapter 4.

Editing the image colours

Choose Edit colors from the context menu (see Figure 2.2) to display the dialogue window in
Figure 2.3. This window allows you to change the colour map, the intensity profile and the scale
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algorithm. All changes are immediately reflected on the image. Click Reset to return to the default
scheme (Real colour map, Ramp intensity and Linear Scale algorithm).

I

——colormap—— intensity

Jigsaw

:olorScaleslgarithr

Red Lasritt
linearScale
@ Srmooth Log
) logarithrnic Srnooth? Megative
i) squareRoot Smuooth MegativelLog
Smooth3 Full
histogram
| o - Staircase Ramp
Stairsd Stairs

resef close

Figure 2.3. Colour map window.

Editing the cut levels

Choose Edit cut levels from the context menu (see Figure 2.2) to display the dialogue window in
Figure2.4.

Y ou can edit the cut levelsin three ways:

 Click and drag the yellow arrows shown at either end of the histogram view to change the upper
and lower level cutoffs.

» Enter thelevel valuesin the two text boxes.
» Click one of the Auto Set buttons

All changes are immediately reflected on the image and on the histogram plot. Click Reset to return
to the default cut level of 99.5% of pixel values.

Edit Cut Levels

Pixel Value Distribution

Frequency

O o o L e T T T
20 40 60 B0 100 12 140 160 180 200 220 24 2§
Pixel Value

0.0000 Cut Levels = (|8.9369 | |238.9136 |)

AutoSet: | 20.0% || 95.0% | | 98.0% || 29.0% | | 99.5% || 100.0% |

| Reset || Median Filter || Close |

Figure 2.4. Cut level selection window.
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2.2.2.1. Annotating an image

The annotation toolbox is shown in Figure 2.5.

B annotationtoobo b
AL | P
1

:::::
L7 £
Il | X

=3

Change Colar...

Change Fant...

Figure 2.5. The annotation toolbox.

The buttons in the annotation toolbox appearing in Figure 2.5 have the following usage (from left to
right and from top to bottom):

Select annotation

Select al annotationsin aregion

Draw aline, arectangle, an ellipse, a polyline or a polygon
Draw with the free hand on the image

Add atext annotation

Remove the sel ected annotation(s)

Remove al annotations

Letting the mouse linger over an icon also displays its function.

The polygon and polyline methods will enable you to select points on the image which should be
used as a corner of the polygon using the mouse. Double-clicking the mouse will end the selection
procedure.

The three buttons below the ones already described change the view of the annotation. From top to
bottom:

Change the thickness of the line
Change the colour of the annotation. The present colour of annotationsis shown in the background.

Change the font of the text annotation

Note
@ The Select all annotations in a region button only works when there are aready

annotations on the image. Pressing the button will select all the annotations which are
in the selected region. This button can be used to change the colour or the line width of
several annotations at once.
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2.2.3. Viewing a data cube

When you double click on avariablerepresenting adatacube, thiswill be opened in the Cube Spectrum
Analysis Toolbox, described in more detail in Section 5.2.6.

You can aso open your cube with the Standard Cube Viewer, ailmost identical to the image viewer

described in Section 2.2.1. To do so, right-click on the variable name and choose Open With -
Standard Cube Viewer.

The cube viewer has some additional controls shown in Figure 2.6. With the dlider and the two arrow
buttons you can move through the layers of the cube. You can aso input alayer number in the text
box and press Enter to reach a specific layer. The rightmost box shows the wavelength of the current
layer (the 2.0 LAYER in the image below refersto adummy data cube).

Figure 2.6. Additional controlsfor data cubes.

For information on how to display data cubes viathe command line, see Section 2.3.4.

2.2.4. Viewing a spectrum

2.2.4.1. Starting the SpectrumExplorer

The SpectrumExplorer package allows you to visualise spectrum datasets. To activate it, click on a
SpectrumDataset or Product in the Variables window or Observation Viewer with the right mouse
button and select 'Open With' and 'Spectrum Explorer'. If thisis the default, it suffices to double-click
on the variable.

Initially an empty plot is displayed in the top part of the window that is opened and a selection panel
is displayed in the bottom part.

Thelook of the selection panel depends on the SpectrumDataset type. A typical exampleis displayed
in the following picture. When the added SpectrumDataset is a SpectralCube, a cube visualizer is
displayed instead with which spectra can be selected.

Figure 2.7. The Spectrum Explorer.

When a Product is selected for display, the bottom part will show a 'loading datasets..." message as
long as the Product is being processed. Each SpectrumDataset found in the Product is added to the
selection panel.

Thelocation of thedivisor between both panel s can be changed through drag drop interaction. Clicking
on one of the little black arrows displayed on the left edge of this divisor extents a single panel to
itsfull size.

2.2.4.2. Selecting Spectra

The attribute columns in the selection panel can be used to find spectra that one wishes to plot. A
single click on a header of such column sorts the rows according to that column's entries. Clicking it
again inverts the sort order. A double click removes the sort and therefore brings the ordering back
toitsinitial state.

With drag and drop, the columnsthemselves can be reordered. A right click on onethe headers showsa
dialogue box with aselection list of all column headers. With thislist the columns can also bereordered
or even hidden from view. Hold the shift button to hide/display awhole range of columns at once.
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Furthermore, specific spectra can be selected by applying a filter on the attribute columns. Open the
filter panel by selecting Dialogs -> Filter from the right-mouse click menu or by clicking on the filter
icon in the button toolbar at the top of the HIPE screen. Specify the attribute name (from one of
the column headers) and enter the filter values, that can be ranges, circular ranges or exact values.
The filters are combined by applying the 'AND' operator. Clicking on the green circle next to afilter
temporarily disablesthat filter. Clicking on the red cross removes it from the panel.

Figure 2.8. Filterson attributes.

2.2.4.3. Displaying Spectra

In the general selection panel at the bottom, each row depicts an individual spectrum. The numbersin
thefirst column show theindex of the spectrum within the SpectrumDataset. I SpectrumExplorer was
opened on a Product, the index is preceded by the index of the SpectrumDataset within the Product.
For example, 2.3 denotes the fourth spectrum within the third SpectrumDataset within the Product
(given that both indices start with 0).

Clicking the button in the first column displays all segmentsin that spectrum. A double-click removes
them from the plot. The same accounts for the top row of buttons: clicking displays a single segment
for al spectra, while double-clicking removes them from the plot. The 'ALL" button in the top left
corner of the selection panel displays all segments of all spectra. Finally, individual segments can be
displayed by the clicking the approprate box. The colour of the button is changed to the colour of
the spectrum displayed in the plot. In case a Product is displayed with SpectrumDatasets containing
different numbers of segments, the invalid segments are disabled and displayed with a grey 'x'. An
exampleis shown in the figure above.

2.2.4.4. Button Bar

Figure 2.9. The button bar.

At the top of the HIPE screen, the SpectrumExplorer buttons following the ‘New..." and 'Open File...'
buttons have the following meaning:

* button 1. save the plot as a PNG, PDF, EPS or JPEG file
* button 2: send the plot to the printer

 button 3: zoom mode. This is the default mode when SpectrumExplorer is started. Change the
horizontal and vertical plot ranges by drawing a rectangular box using the left mouse button.
Control-1eft mouse button will un-zoom the plot (or use the Autorange option under the right mouse
button).

* button 4: select spectra. A clicked spectrum will be displayed with abold line. Any operation, such
as the Tasks under the right mouse button, will then only apply to this particular spectrum. Also
the selected spectrum can be dragged to a new panel (note that dragging to the left and top of the
origina panel is not possible). The spectrum can also be dragged to the Variables window where
it will be stored as anew variable.

* button 5: pan mode. Pan through the spectrum by clicking the left mouse button and moving the
mouse. If one only wants to pan along the x or y axes, click on the axis with the |eft mouse button
and then move the mouse (or use the mouse whesl).

* button 6: select ranges. Click and drag to select ranges in a plot (the middle mouse button can be
used anytime for this as well). This will create a vertical grey bar. Then in the spectrum selection
mode (button 4), only thiswill be saved as a new variable.
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* button 7: select points. Click and/or drag with the left mouse button to select one or more spectral
points. These points can later be flagged or removed.

* button 8: (de-) activate preview mode. In preview mode a quick preview is displayed of al rows
selected in the selection panel.

* button 9: display/hide grid in the active sub plot

* button 10: display/hide the plot legend

* button 11: switch between line and histogram mode

* button 12: display flagged channels

* button 13: show/hide the plot title

* button 14: open filter panel

* button 15: show metadata of the displayed SpectrumDataset

* button 16: open araster panel showing all plotsin the selection panel

 button 17: open the properties panel in the top-right part of the SpectrumExplorer to view and
modify any plot parameter. The panel can aso be opened using the 'Properties...' option under the

right-click popup menu. If a paricular element in the context contains no changeabl e properties, the
plot properties are displayed.

2.2.4.5. Plot Interactions

The Spectrum Explorer provides context-dependent plot interactions. The behaviour of mouse
interaction depends on the location of the mouse cursor. The actual context is displayed in the left
bottom corner of the plot panel. Next to the context you'll find the location of the mouse cursor in plot
coordinates. The following table provides the some contexts and the mouse interaction behaviour.

Context Click Ctrl-click Drag Scroll
Subplot Set as'active’ Zoom/Select/Pan | Zoom
AXis Pan Zoom
Spectrum Select spectrum | Extend selection | Move spectrum to

another subplot

Select point Extract spectrum

to anew variable

Use spectrum

as task input

parameter
Selection Same as above
Marker edge Resize marker

A right click on a plot shows a popup menu with global and context specific options. Right clicking
below or besides aplot gives the option to add another subplot in that place. The new subplot becomes
‘active’. New selected spectra are displayed in the active subplot. To activate another subplot, right
click on that subplot and check the radio button named ‘active'.

2.2.4.6. Raster Panel

When SpectrumExplorer isused in raster mode (sel ected using the Raster button at the top button bar),
a single spectrum is plotted plot for each row in the selection panel. This selection can be altered by
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making use of the filter panel. When all spectra contain pointing information, the plots are laid out on
alatitude/longitude plane. Otherwise the plots are displayed in arectangular grid.

The wave and flux ranges above the plot can be altered by textual input or by scrolling on top of the
text field. After doing this, the dide bars below the ranges can be used to slide the sub range through
the plots.

Use the scroll wheel on top of the plot to zoom. A single click on a plot opens the spectrum in the
plot view of the SpectrumExplorer.

2.2.4.7. Preferences

2.2.5.

Default SpectrumExplorer settings can be modified using the Edit-->Preferences button at the very
top of the HIPE screen. The following options are available:

Initial tool: specifies whether the Spectrum Explorer should start in zoom or select mode.

ChartType: display plot in line style or histogram
 Digplay grid: on or off

 Display legend: on or off

 Start in preview mode: on or off

For a specific SpectrumDataset type, title/subtitle and legend element can be specified. Metadata
fields and attribute fields can befilled in automatically by specifying the fiel ds name between angular
brackets. Optionally with a printf-style format suffix. For example, | ongi t ude% 2f" inthe
legend element field displays the value of the longitude attribute for each spectrum in the legend

Creating and viewing a TableDataset

A Tabl eDat aset is made up of columns. Each column contains an Ar r ayDat aset (data), a
description and a quantity value associated with the Ar r ayDat aset . Each Ar r ayDat aset can
have up to five dimensions and can be of varying types.

These are the steps to follow to create, view, and plot graphs of atable dataset within HIPE.
1. Open the Workbench Perspectivein HIPE.

2. If you dready haveaTabl eDat aset loaded into HIPE skip to the next item. Otherwise type the
following commands into the Console window. Theseinstructions createaTabl eDat aset with
three columns, each containing a one-dimensional dataset. The first column contains the numbers
from 1 to 100, the second column holds the sine value of the values in the first column, and the
third column contains the values in the first column multiplied by 100. The column names are X,
si n andy respectively.

from herschel . share.unit inport *
x = Doubl eld. range(100)

t = Tabl eDat aset (description="This is a table") # @

t["x"] = Columm(data=x, unit=Duration. SECONDS) # ©
t["sin"] = Colum(data=SI N(x),description="sin(x)") # ©
t["y"] = Col um(data=x*100, descri pti on="x*100")

© Thissets up the table dataset with an associated description

® This creates the x column and its associated units, in this case a time duration measured in
seconds.

©® Here we have applied the SI N function from the Numeric library and added a description
for the second column.
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3. Next wewish to view the table we have created. Move your cursor over theitemt inthe Variables

window and right-click on it. Choose Open With —. Dataset Viewer from the menu. The table
appears in the Editor window.

4. Now we wish to view the table in the TablePlotter task. Again right-click on the item t in the

variable list and select Open With — TablePlotter. This opens the TablePlotter in the Editor
window. Y ou can find a complete guide to the TablePlotter in Section 2.3.7.

When right-clicking a Table Dataset in the Variables window, the Open With menu offers two
more options:

» The OverPlotter can be thought of as a stack of TablePlotters, so that several graphs can be
overlaid on top of each other. Thistool is described in more detail in Section 2.3.8.

» ThePower Spectrum Generator computes apower spectrum for each column of a Table Dataset.
Thistool is described in more detail in Section 2.3.9.

2.3. In depth

2.3.1. Images and cubes

This section describes how you can store, display and analyse images and data cubes. You can
find additional information in the developer (API) documentation of the herschel.ia.dataset.image,
herschel.ia.gui.image and herschel .ia.tool box.image packages.

All the image  packages  (herschel.ia.dataset.image, herschel .ia.dataset.image.wcs,
herschel.ia.gui.image and herschel.ia.toolbox.image) are automatically loaded when starting HIPE.
However, these might have to beimported by hand if executing scriptswithin adifferent environment.
Animageis represented as a product of type Si npl el nage, with the following components:

e Theimageitself, described by aNumner i c2d (i.e. a2D numeric array : thiscan beaDoubl e2d,
aFl oat 2d,alLong2d, an| nt 2d, aShort 2d or aByt e2d)

» Theerrorsontheimage, also described by aNurer i c2d, but optional
» The exposure of the image (idem)
A flag, described by aFl ag (also optional)

Other information stored in the | nage can be for example aW's (World Coordinate System) to do
coordinate conversions, and the wavelength at which the image was taken.

When constructing an image, you usually start by making the Ws and the Nurrer i c2d that will be
used asimage data.

The following example shows how you can construct a Si npl el nage with avalid W s, without
errors and exposure, and with one pixel (55, 35) flagged out. It has 60 rows and 40 columns.

Note

S Thereference pixel isat position (crpix1, crpix2), with the pixels starting to count at (1,1).
This correspondsto r ow=col umm = 0.
Note

3 The crval keywords for the pixel scaling are given in decimal degreesin RA en Dec.
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# I nports
from herschel . share.unit inport *

# Construction of the image data (1)
nmyl mageDat a = Fl oat 2d( 60, 40) #

for rowin Intld. range(60):
for columm in Intld.range(40):
nmyl mageDat a. set (row, col umm, row + col um)

# Construction of the flag (2)

myFl ag = Fl ag( 60, 40) #

fl aggedQut = Bool 2d( 60, 40)

fl aggedQut . set (55, 35, True)

nmyFl ag. set Fl ag( " UNVALI D', flaggedQut)

# Construction of the unit (3)
myUnit = Fl uxDensity. M LLI JANSKYS #

# Construction of the Ws (4)

myWs = Wes(crpixl = 29, crpix2 = 29, crvall = 30.0, crval2 = --22.5, \

cdeltl = 0.00028, cdelt2 = 0.00028, ctypel = -"RA---TAN', ctype2 = -"DEC - TAN')
# Construction of the Sinplelmge (5)

nmyl magel = Sinpl el mage(description = -"test image", image = nyl mageData, \

flag = nyFlag, unit = nmyUnit, wcs = nmyWs)

# O using the | nportlmgeTask (6)

nmyl mage2 = Si npl el mage(wes = nyWs)

i mport | mage(i mage = nylmage2, filename = -"[path]/ngc6992.pg")
# where we now i nport our JPG image into the Sinplelnage

1. Theconstruction of aFl oat 2d : at position (row, column) the pixel valueis set to row + column

2. Pixel (55,35) is flagged out, using the UNVALID flag. Other flag types are possible (look in the
subsection on flags).

3. Setting the unit for the pixel values. The flux associated with one count in the image (equivalent
to BUNIT inaFITS image).

4. The construction of a Ws object. The center pixel is set tot (29,29) and corresponds to the sky
coordinate with right ascension 2h00m0OO0s and declination -22d30'00". For more information, look
into the subsection on W s.

5. Construction of a Si npl el nage with the given image data and W s, but without errors and
exposure.

6. Construction of another Si npl el nage with the same Ws applied to it. The
| mpor t | mageTask is used to load a JPEG image. There is no flag, no error, nor exposure in
this case.

Example 2.1. Constructing a Si npl el mage

Note

@ Usingthel npor t | mageTask, datafrom *.jpeg, *.jpg, * .tiff, *.png, * fits, *.ftsor * fit
files can be loaded into an | mage. When aFITS file isimported, the information in the
header of the file is also included.

A Cube worksinavery similar way to an | mage. Theonly differenceisthat 3D datatypes should be
given as parameters, instead of 2D. This holds for the cube data, as well as for the errors, exposures
and flag. Inthe W s the parameters for the 3rd axis should also be specified.

2.3.1.1. Flagging out Pixels : the Fl ag Class

A Fl ag can be used to flag out pixels and specifying the reason for doing so. In the example below
it is explained how you can do this.
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2.3.2.

nmyFl ag = Fl ag(60, 40) # (1)
nmyFl ag. addFl agType( " SATURATED", -"Saturated pixels") # (2)

fl aggedQut1 = Bool 2d( 60, 40)
fl aggedQut 1. set (55, 35, True)
nmyFl ag. set Fl ag( " UNVALI D', flaggedQutl) # (3)

fl aggedQut 2 = Bool 2d( 60, 40)
fl aggedQut 2. set (50, 35, True)
myFl ag. set Fl ag( " SATURATED", fl aggedQut2) # (4)

print nyFl ag. get Fl agTypes() # (5)
print nyFl ag. get Fl ag() # (6)
print nyFl ag. get Fl ag(" UNVALI D") # (7)

1

TheFl ag you create must be of the samedimensionsasthel nage to which you're going to attach
it. Inthiscase, itisa60*40 Fl ag.

. You can create up to 15 different flag types. Here, you create a new flag type with the name

SATURATED. One flag typeis standard available : UNVALID.

. In these three lines is described how you can flag out the pixel with coordinate (55,35) with the

UNLVALID flag type. Note that you have to construct a Bool 2d for this and that this must be set
to Tr ue at the appropriate position.

. The saturated pixels are flagged out in a similar way. Note that you had to add the SATURATED

flag type yourself.

. Here you print the existing flag types for this FI ag. In this case, these are SATURATED and

UNVALID.

. Here you print a Bool 2d with the same dimensions as the Fl ag. All flagged pixels are marked

as Tr ue. In this case, pixels (55,35) and (50,35) are marked as Tr ue, al the othersas Fal se.

. Hereyou print aBool 2d with the same dimensionsasthe Fl ag. All pixelsflagged as UNVALID

aremarked ast r ue, al othersasf al se.

Example 2.2. Constructing a Si npl el mage

Note
S We are well aware of the fact that "unvalid" in not atrue English word. In the future this

flag type should be changed to INVALID.

Creating a test image

If you have no image available to test the utilities described here, you can use the following script to
create one from any JPEG file and associate a WCS to it. Copy and paste the script into the Editor
view after opening a Jython script window, or copy it into the Console view and run from there.

# Create sone fake WCS infornmation

myWs = Wes(crpixl = 29, crpix2 =29, crvall = 30.0, crval2 = --22.5, \
cdeltl = 0.00028, cdelt2 = 0.00028, ctypel="RA---TAN', ctype2 = -"DEC -TAN')
# Create a Sinplelmage with WCS in it

nyl mage2 = Si npl el mage(wcs = nyWs)

# Put the image into the Sinplelnmage

#

*. jpeg, *.jpg, *.tiff, *.tif, *.png, *.fits, *.fts or *.fit

# files are accepted.
i nport | mage(i mage = nyl mage2, filename="[path]/ngc6992.jpg")

Y ou can also import theimage viathei npor t | mage task available in the Tasks view list. Click on
nmy | mage2 in the Variables view then double-click on i nmpor t | mage. Type or select afile name
and click on Accept.
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2.3.3.
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Figure 2.10. Variablesview with Si npl el mage variable highlighted.

Double-clicking on the variable "mylmage2" in the "Variables' view will automatically display the
image in a new Editor window. A single right click in the same place will indicate that this can be
"Open(ed) with..." a Product display aswell. This shows header information and the fact that there is
asingleimage dataset in the Si npl el nage product we have created.

Viewing an image

From the command line you can use an object of the Di spl ay classto view images and data cubes.
To display an image use the following command:

nyDi spl ayl = Di spl ay(nyl magel)

This will show the same graphical interface you would obtain by double clicking on an image in the
Variables view.

Y ou can then create a second Di spl ay object to view a second image:
nyDi spl ay2 = Di spl ay(nyl mage2)

ThevariablesmyDi spl ay1 and Di spl ay2 allow you to refer to the two objects and their contents
separately.

Y ou can add an extra parameter when initialising the Di spl ay, which decides whether the window
should be shown or not. This can be very useful in scripts, where you don't want all images to be
shown on the screen, but where you want to look at some images after the execution of the script.
This can be done like this:

nyDi spl ay = Di spl ay(nyl nage, Fal se)

Y ou can make the window visible, typing
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nmyDi spl ay. set Vi si bl e( True)

The following table shows some, but not all, the methods applicable on Di spl ay objects. For an
exhaustive list of al methods, have alook in the Di spl ay javadoc. To execute a certain method,
type myDisplay2.<methodname>.

Table 2.1. Useful methodson Di spl ay

getlntensity(int row, int column) -> double Returns the intensity at the given pixe
coordinates (row, column)

getlntensityFromWorldCoordinates(double  ra,| Returns the intensity at the given sky coordinates

double dec) -> double (ra, dec)
getUnit() -> Unit Returns the unit of the shown image
setUnit(Unit<?> unit) Sets the unit of the shown image
getZoomFactor() -> float Returns the zoom factor of the shown image
setZoomFactor(float zoomFactor) Sets the zoom factor
zoom(double row, double column, float|Zooms on the given pixel coordinates (row,
zoomFactor) column) with the given zoom factor
zoomWorldCoordinates(double ra, double dec,|Zoomson the given sky coordinates (ra, dec) with
float zoomFactor) the given zoom factor
zoomin() Zoomsin
zoomOut() Zooms out
getCutLevels() -> doubl €[] Returns the cut levels of the shown image
setCutL evel s(doubl e percent) Sets the cut levels according to the given
percentage

setCutL evel s(double[] minmax) Setsthe cut levels
setCutL evel s(double min, double max) Setsthe cut levels
flipY Axis() Flipsthe y-axis
isFlipped() -> boolean Returns whether the y-axisisflipped
getDepthAxis() -> int Returns the depth axis
setDepthAXxis(int depthAxis) Sets the depth axis

2.3.3.1. Using different layers

It is possible to display several layersin one Di spl ay. This can be done by adding a layers to the
existing | mage, or by displaying a Cube or a Nurer i ¢3d datatype (Doubl e3d, Fl oat 3d,...).
Adding alayer can be donelikethis:

nyDi spl ay. addLayer (nyl magel)
This way we add nmy| magel to nyDi spl ay. You aso see that a dider appears in the status bar,

which you can use to switch between the different layers. This is the same dlider that appear when
you display data cubes.

<=0 ]}

Figure 2.11. Slider to switch between layers.

Note
@ When you change the zoom factor of the displayed | mage, it isimportant to know what
will happento other Layer s. If thecurrent | mage wasaddedtotheDi spl ay separately

54



Datadisplay

(asan| mage), then no other Layer s will be affected. However, if the displayed | mage
ispart of aCube, al other layersin this Cube will be affected.

2.3.3.2. Placing annotations on an image
It is possible to draw figures and put text, so called annotations, on an | nage, using Di spl ay.
Y ou can place these kinds of annotations on an | mage in Di spl ay, viathe command line:

* Regular text annotations, using the addAnnotation(...), setAnnotationFont(..) and
setAnnotationFontColor (...) methods

» Greek text annotations, using the addGreekAnnotation(...), setAnnotationFont(..) and
setAnnotationFontColor (...) methods

Note

@ The addGreekAnnatation(...) method converts normal charactersto Greek characters
(‘a becomes 'apha, 'b' becomes 'betd,...)

 Figures as annotations, using the addEllipse(...), addLing(...), addPolygon(...), addPolyling(...)
and addRectangle(...) methods

Note

@ The addPolygon(...) and addPolyling(...) methods need an array of doubles as
parameter. In such an array, the coordinates should be added as polygon(([x1, y1, x2,
y2,..]),0)-

The following example shows how you can do this on the command line. Also theresulting Di spl ay
is shown.
# I nports

fromjava.awt inport Font
fromjava.aw inport Col or

nmyDi spl ay2 = Di spl ay(nyl nage2)

# Placing a text annotation at position (321, 224)

nmyDi spl ay2. addAnnot ati on("Vei |l nebul a", 321, 224)

# Changing the font type and size of the annotations

nmyDi spl ay2. set Annot ati onFont (321, 224, Font("Dial og", 0, 32))

# Changi ng the annotation col our

myDi spl ay2. set Annot at i onFont Col or (321, 224, Col or (0, 0, 255))

# Adding an ellipse with center at (268.5,500.0), width = 38 and hei ght = 37,
# linewidth = 3.0 and bl ack col our

nmyDi spl ay2. addEl | i pse(268.5, 500.0, 38.0, 37.0, 3.0, Color.green)
# Adding a Greek text annotation at position (100, 500)

nmyDi spl ay2. addG eekAnnot ati on("a = 12.34, d = +30.30", 100, 500)
# Changing the font and col our of the annotation

nmyDi spl ay2. set Annot ati onFont (100, 500, Font("Di al og", 0, 20))

myDi spl ay2. set Annot at i onFont Col or (100, 500, Col or(0, 0, 0))

# But white is nore visible

nmyDi spl ay2. set Annot at i onFont Col or (100, 500, Col or. white)
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Figure 2.12. Adding annotationsto a Display.

The annotation toolbox was covered in Section 2.2.2.1. Y ou can open the annotation toolbox viathe
command line as follows:

nmyDi spl ay2. annot at i onTool box()

When you open the annotation toolbox via the command line you get an additional window with the
Jython code corresponding to your commands, and two buttons to save or refresh the code.

irn‘,-'DiSpIa*,-"E.addPnImiﬂE{[EEB.D, 137:8, 321.0, 160.0, =

-

< [ [+] |

Save ython code Fefresh Jython code

Figure 2.13. Jython code appearing in the annotation toolbox.

N

Note
If you change the size of atext annotation, thiswill not be reflected in the Jython code.

2.3.3.3. Opening other dialogue windows via the command line

2.3.4.

These commands display the dialogue windows for editing colours and cut levels:

HI PE> nyDi spl ay. edi t Col ors()
HI PE> nyDi spl ay. edi t Cut Level s()

Viewing a data cube

A Si npl eCube containsone or more 3d images and worksin avery similar way to Si npl el mage.
A 3-dimensional datatype should be given asinput.
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The following example shows how to create and display a dummy data cube:

Si nmpl eCube()

= Doubl e3d(3, 4,5,20.5) # produces a cube of 3x4x5 all with values 20.5
.setlmage(d) # include cube of information into our SinpleCube
the depth of this cube is given by the first integer, 3.

The cube can be di spl ayed using

show = Di spl ay(s)

# The depth axis can be changed by the setDept hAxis nethod, e.g.
show. set Dept hAxi s(2)

# where the depth woul d now be the third di mension

# of the image available -, or 5.

# In each case the cube is shown as

# image |l ayers. The current |layer viewed is determ ned by a slider
#

#

HFHLO®

to the bottomright of the display screen. Mwving the slider left or right
shows the image stored in each of the |layers along the depth axis.

For information on how to display data cubes via the HIPE graphical interface, see Section 2.2.3.

2.3.5. Viewing metadata and array data associated to
an image

An image can have several datasets. For example, we can include a flag image dataset for flagging
bad pixels (see Section 4.3.13 for more information). Each of these datasets have associated metadata,
which hasthe sameroleas header informationinaFI TSfile. It indicates associated flux and coordinate
information plus processing history (if appropriate) etc.

To view the metadata (and array data) associated with an image dataset requires opening a Dataset
viewer. This can be done in two ways.

* First aright-click on your image variable name in the "Variables' view (e.g., on "mylmage2"). A
short menu including "Open With...." appears. Choose the product viewer. The product view is
shown which includes some overview information/metadata plus alist of datasets (at the bottom of
the datasets -- and could include a number of image layers). Do aright-click on one of the datasets
to see the "Open With..." in the short menu. Select Dataset viewer.

» A single click selection of the image in the Variables menu list shows its outline in the Outline
view. Opening the folder in the Outline view to see the datasets in it and right-click on a dataset
to see the context menu menu with "Open With...." and the dataset viewer selectable. Note that the
Outline view is only available in the Full Work Bench perspective. See the HIPE Owner's Guide
for more information on views and perspectives.

Any of the above will provide aview of the metadata plus the data values of the array making up the
dataset within awindow in the "Editor" view. View of either the metadata or array data can be toggled
using the arrowsto the left of the metadata/array data namesin the "Editor" window (see Figure 2.14).
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2.3.6.

1=
File Edit Run Window Help
1= shE s Bg @
= Navigator x [ p{ 4 » 5 — o || [*] Editor x _D|| d@Tasks x -0
& By + || ¥ (= rvimages (i mylmags2 | - myimage2limage”] x s ||PA
@ App
=g L[ser areas Image [ By Categary
@173 Home Folder
« @] File Systerm
name walue unit description
crpil 29.0 WCS: Reference pixel position axis 1, un
crpix2 28.0 WCS: Reference pixel position axis 2, un
crvall 30.0 WCE: First coordinate of reference pixel
crval? -225 WCS: Second coordinate of reference pi
cdelt! 2.8E-4 WCS: Pixel scale axis 1, unit=Angle
cdelt? 2.8E-4 WCS: Pixel scale axis 2, unit=Angle 2% variables X _n
ciypel RA--TAN WCS: Projection type axis 1, default="LIN)|
ctype? DEC--TAN WCS: Projection type axis 2, default="LIN| -
Tlipy 1 Letthe image by shown upright
nayis 2 The number of axes @ mylmage2
naxis1 780 The number of columns @ myUnit
naxis2 575 The number of rows @ myics
- Array Data
0o D
[ Histay % Log | B Console x —_o|[ 2= outiine x _o
= . s : name  |mylmage2?
Ir>>myImage? = SimplelImage (wcs = myWcs, unit lass |simpleimage
F 1uxDensity CMTLLTIRNSKYS package |herscheliadatasetimage
2 2 (= rylmage2
IA>>importImage (image = myImageZ, 4 = Dalasats
filename="C:/dbpack-1.10/dbpack/projects/um/ i = S B
ges/ngc6992.jpg”) @ DalasetViewsr
LA X Delote [
(7) Help Selection F1
|| 10% (5]

Figure 2.14. Metadata and Array data view using the Dataset viewer with an image.

The Dataset Inspector

This section describes in detail a graphical tool to inspect table datasets, the Dataset Inspector. You
can start it with the following commands:

HI PE > from herschel . i a. dat aset. gui
HI PE > Dat aset | nspect or ()

i mport Dat aset | nspect or

The main window is divided in two panes. The left pane shows atree-like folder structure whose root
iscalled Dat aset s and Product s, with two main branchescalled Dat aset s and Pr oduct s.
The former will contain any datasets not included in products, while the latter will list the products
themselves. Whenever the icon of afolder appears, clicking on it will display its contents. A similar
tree-like structure will appear in the right panel, which is also used to display the objects’ contents,
like metadata and table data.

Figure 2.15 shows Dataset | nspector displaying the metadata of a product. Thetableisdivided in three
columns showing the name, value and unit (if any) of each keyword. When the value of akeyword is
undefined thisis signalled with ared undef i ned label.
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2.3.7.
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Figure 2.15. The Dataset I nspector showing product metadata.

Additional features are availablefor parameterssuch asobsi d and bbi d (theidentification numbers
of observations and of their building blocks). By right-clicking on the value of these parameters you
can switch between decimal and hexadecimal representations.

Dates and times are shown by default in UTC (Coordinated Universal Time), with their Fi neTi e
representation in brackets (for moreinformation on how timeisrepresented see the Scripting and Data
Mining guide: Chapter 6). By right-clicking on the parameter values you can switch between UTC
and TAI (International Atomic Time).

The Dataset Inspector can do much more than displaying products and datasets. It also contains a
number of plugin viewers that allow more advanced data manipulation. Three of them are described
in the following sections.

The TablePlotter

The TablePlotter utility is a GUI tool to view and analyze table datasets which are organized in
columns with an equal number of rows, for instance time ordered detector signals. In addition the tool
provides advanced means of interactively selecting subsets of this data and create new table datasets
from these selections. The TablePlotter appears as atab in the Editor view.

TablePlotter does not support other types of datasets.

2.3.7.1. Invoking TablePlotter

» Invoking TablePlotter asa Viewer in HIPE

The TablePlotter works with Table Datasets and products that contain Table Datasets. For example,
double clicking on a FITS binary table file in the Navigator view of HIPE will load thefileinto a
product containing atable dataset and automatically bring up the product viewer. Right clicking on
the table dataset within the product and selecting Open With leads to a choice of viewers and tools
that can be applied (see Figure 2.16).
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Figure 2.16. Viewers available for atable dataset in the product viewer, among them TablePlotter and
OverPlotter.

Selecting "TablePlotter" opens the table dataset and brings up a view with the main TablePlotter
screen (seeFigure 2.17).

Invoking TablePlotter from the command line or from a script

TablePlotter can aso be invoked from the command line. First we need to import TablePlotter and
the window manager with:

from herschel .ia.gui.explorer.table inport Tabl ePlotter
from herschel . share. conponent inport W ndowManager

Assuming tbs is a Table Dataset, then the TablePlotter would be invoked by the following
commands in a Jython script:

wm = W ndowManager . get Def aul t ()
wm addW ndow( ' test', Tabl ePl otter(tbs).conmponent, 1)

or by the single command:

W ndowManager . get Def aul t () . addW ndow( "t est", Tabl ePl otter(tbs).conmponent, 1)

If you have aproduct created by reading in aFI TSfile containing abinary table, thefirst table dataset
can be easily extracted with the default method. For instance, if a FITS file was read by double
clicking onitin the navigator view, aproduct will appear asavariable. Assuming the variable name
is"Myfile", the following command lines send it to TablePlotter.

wm = W ndowManager . get Def aul t ()

wm addW ndow( "test", Tabl ePlotter(Mfile.default).conmponent, 1)

wm addW ndow( ' test', Tabl ePl otter(Tabl ePl otterExerciseFile["HDU 1"]). conponent,
1

If the product contains more than one dataset, the desired table dataset can be retrieved by itsname.
If you don't know the name of the dataset, alist of datasets can be obtained with the keySet method.
In the following example the list of dataset names is obtained and printed, then the first dataset is
chosen and displayed in TablePlotter.

wm = W ndowManager . get Def aul t ()

datasets = Myfile. keySet () #CGet the nanes of the datasets

print datasets #Here you see the nanes of the datasets
wi thin the product

dat aset Nanme = dat aset s[ 0] #Choose your dataset, in this case the

first with index O
wm addW ndow( "t est", Tabl ePl otter(Mfil e[ dataset Nane]).conponent, 1)

If invoked from the command line, the TablePlotter will appear in its own window, instead of a
HIPE view.

If the name of the dataset is unknown, but its sequence number is known, the following shortcut
can be used, in this case for the first dataset with index O:
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wm = W ndowManager . get Def aul t ()
wm addW ndow( "test", TablePlotter(Mfile[ Mfile.keySet()[0]]).conponent, 1)

2.3.7.2. Layout of the TablePlotter

When TablePlotter isinvoked, it displays an X/Y -plot of the first two columns of the selected Table
Dataset (See Figure 2.17). The TablePlotter GUI contains three major components: the plot display
area, the plot control panel on the right, and axis selection boxes on the bottom. Sometimes it is
necessary to adjust the window size and the sizes of the sectionsto see all components.
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Figure 2.17. Layout of the TablePlotter GUI.
2.3.7.3. Controls and functions

The TablePlotter provides the following control buttons to view and analyze data.

» X and Y- Axis Selection:

Under the graphics display area, two selector arrangements allow to assign columnsin the table to
the X and Y -axis of the plot. The elements of each selector are a combo box and a spinner.

By default the first column of the TableDataset is associated with the X-axis. The second column
isinitially associated with the Y -axis.

Clicking the arrow on the right of the combo box invokes a drop down menu with the displayable
columns of the table dataset. Hol ding down the left mouse button and moving the mouse up or down
scrollsthrough the columnsif more than 8 columns are present. A column is selected by clicking on
it. Thislist can be quite large. To help with the selection, a substring can be entered after clicking
into the white name field of the combo box. Only columns whith names containing this substring

will be shown in the drop down menu. No distinction is made for upper or lower-case characters
in this selection.

Columns can also be selected by index using the spinner, either by entering the index number
directly after clicking into the index field, or by clicking on the up or down arrow buttons of the
spinner. Fast forward/backward selection of columnsin the spinner can be achieved by holding the
|eft mouse button down and moving the mouse up or down.
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The axis selector provide an additiona "virtual" index column that allows to plot columns against
the order in which they appear in the table dataset. This column only exists for convenience and is
for instance not part of the extracted dataset, as shown further below.

In addition, two checkboxes named - offset" allow you to subtract offsets from the data along both
axes. Thisis useful, for example, if an axis corresponds to absolute times like TAI that start at an
Epoch sometime ago and bear alarge offset compared to the time period covered by the data. When
acheckbox is activated, the value of the subtracted offset appears below it.

Display style:

The control buttons in this section change the type of scaling of the X- and Y-axes, as well as the
syles of lines and symbols used in the plot.

lin
——=* |Thelinear scaleisselected for the X-axis. Clicking on the button will switch to logarithmic
scale.

log
=== |Thelinear scaleisselected for the X-axis. Clicking on the button will switch to logarithmic

scae.

:Tlin

scale.

I Thelinear scaleisselected for the Y -axis. Clicking on the button will switch tologarithmic

o
L I g I Thelinear scaleisselected for the Y -axis. Clicking on the button will switch tologarithmic
scale.

The two pull-down menus select line- and symbol-styles. The selection of symbol styles is only
available when the line styles are either MARKED, MARK_DASHED or NONE.

_/E Increase/decrease symbol sizes.
Navigation:

The navigation field contains several buttonsto zoom and pan within a plot. In addition the
view can be controlled with the mouse pointer. L eft clicking into the field, and pulling acr oss
an areawith theleft mouse button held down selectsthisarea. Thisiscalled furtheron a hold-
and-drag operation. When the mouse button isreleased, thisarea will be scaled so that it now
fitsthe plot window (zoom-in).

u LW
Y '
L I/ Zoom in/out simultaneoudly in X- and Y -axis.
1 1
i
- = 4
[/~ 1Zoom out along the X/Y axisonly.
11 ]
4 | =)

I | Pan the view towards the left/right.
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R

The size of each zooming or panning step is controlled by a toggle button at the center of the
Navigation field as follows:

Fast

This button signifies that the fast mode is selected. Clicking on it togglesto slow mode.

Slow
Thisbutton signifiesthat the slow mode is selected. Clicking on it togglesto the fast mode.

P
Layer Props This button opens the Preferences menu. The first entry in this drop-down menu
opens a Properties window, where the factors can be changed that control fast and slow zooming
and panning (for details see the Preferences section below).

._I_.

L~ | Thisbutton switches into free-scale mode. It is one of the most frequently used buttons.
The displayed ranges on X- and Y -axis are selected automatically to show all visible datapoints of
the currently selected columns with optimal zoom parameters.

— | |
/l Switch the X/Y axisinto free-scale mode.

» Sdlections:

Table Plotter isnot only adisplay tool for table datasets, but al so adata sel ection tool. The selection
feature can be used to hide or select a particular portion of the data points, to make use of the fast
automatic scaling when scanning through many columns of data.

The data selection feature, isalso very useful for unplanned, ad-hoc, interactive data analysis tasks.
Subsets of data in a table can be selected and extracted into new table datasets, that can then be
sujected to other tools or tasks like the power spectrum tool. Typical applications would be for
instance to manually remove glitches from a signal time stream, or to extract a specific period of a
signal time stream out of a sequence of instrument configurations.

The following buttons are relevant in this respect:

]
Show All
. | This button signifies that al data points are being displayed. De-selected data

p0| nts are replaced by a small red cross. The automatic scaling takes also de-selected data into
account. Clicking on this button switches to " Selected Only" display mode.

|—l

Sel Onl
|—F. Thisbutton signifiesthat only selected data pointsare being displayed. De-selected
data points are not shown. The automatic scaling takes only selected datainto account. Clicking on
this button switches to "Show All" display mode.
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ide X
Hide Clicking this button first, and then performing a drag-and-hold operation within
the plot hides all selected data points within the selected rectangle. In "All Columns' mode only
the X-axis range is taken into account (see below).

[

M Clicking this button first, and then performing a drag-and-hold operation within
the plot selects all hidden data points within the selected rectangle. In "All Columns" mode only
the X-axis range is taken into account (see below).

|

xcl, Sel . _ _ _ . -
w Clicking this button first, and then performing a drag-and-hold operation within
the plot selects all data points within the selected rectangle and de-selects everything outside. In
"All Columns' mode only the X-axis range is taken into account (see below).

1
M This button will re-select al hidden data points.

]
m I
m Thisbutton signifiesthat selections and de-selections only affect the two columns

used for the plot. Clicking on this button will switch Table Plotter into "All Colum” mode.

]
I
Lﬁls[[ﬂ]l This button signifies that selections and de-selections affect all columns of the
table. The selection is based on the range on the X-axis, while the selected Y -axis range isignored.
Clicking on this button will switch Table Plotter into "Current Colum" mode.
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Figure 2.18. The plot with selected (blue) and hidden (red crosses) data points.

Printing and saving the plot:

Right-click on the plot to display a context menu with the entries Save as and Print. Y ou can save
your plot in PDF, PNG, JPEG or EPS format.

DataseteExtraction:

Besides visualization, the Table Plotter can be handy for creating new datasets out of existing ones.
Typically thisisdone in data analysis where a specific portion of interest is selected and saved into
another dataset for subsequent analysis. The result becomes another table dataset. The extracted
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columnsarethetwo being displayed whilein " Current Columns’ mode, or an arbitrary user selection
of columnsin"All Columns' mode. Asageneral rule, any row, where at |east two columnsrepresent
avalid datapoint (X,Y), will appear in theresult. Datathat were "hidden" in such arow are replaced
by NaNs. All other rows will be purged from the resulting table dataset.

The selection of datapointsisinternally donewith flagsthat exist for each datum. Making selections
while choosing different columns for the X-axis can have sometimes results that first appear
confusing, but make perfect sensein alogical way. Especially the Exclusive Select button and the
Unhide button should be used with due consideration of the side effects.

Extract
[#==———————*| This button extracts a subset of the data that remains selected after all prior
selection operations. The selected datawill be extracted into anew table dataset that will befed back
into the session. A name can be assigned to the new variable, which will appear in the Variables
view.

If Current Col is selected, only the selected data points in the currently displayed column will be
extracted.

If All Colsis selected, the selected data pointsin al the columns become available for extraction.
After clicking Extract, a column selection window (see Figure 2.19) pops up, alowing to Add
individual columns or Add All columns to a list. Individual columns can be also Remove again
from the selection. The Remove All button allowsto start over. Up and Down buttons are available
to change the order of columnsin the new dataset (see Figure 2.19).

TIME H
55 Rl

55_Ad
55 A3
55 AZ
55 Al
55 DK1

d
Add All
Femaoye
Remowve All

Up

tELRE

D

4]

Figure 2.19. Extract Selected Data from Multi Columnsto a New DataSet.

Clicking Close compl etes the extraction. Y ou can then enter a name for the new dataset or accept
the default (see Figure 2.20).
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Input

Please enter name here

P_12002340D2E

(0],4 Cancel

Figure 2.20. Giving a nameto the new dataset.

The new table dataset appears as anew variable in the Variables view of HIPE.

e Overlay Plots:

Even though the TablePlotter was primarily designed for single X-Y scattergram display, there is

limited overlay capability available. For any more complex overlay plotting, the Over Plotter was
created that is described in detail further down.

Simple overlay plots are created by marking Overlay in the Overlay plots panel on the lower right,
and selecting another column for the Y -axis. The old plot stays on display and the new X/Y-plotis
overlaid with a different color. If different symbols, symbol sizes or line styles are required, they
must be selected now. They can not be selected at alater stage. While Overlay ison, the Y -axiswill
have the same scale for al overlays and it is not possible to select another column for it. The only
way to change a plot that was done earlier, is to remove the overlay in question with the Remove
a layer drop-down menu, and selecting the column for the Y-axis again. Activating the L egend
button shows the relation between color and name of the overlay in alegend (see Figure 2.21).
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Figure 2.21. Simple overlay plots of different columns plotted against the same X-axis are created by
marking the Overlay field.

» Layer Props:

Layer Props

This button provides a drop-down menu, giving access to the display rules for
complex data (the Appearances entry is still under development). See Figure 2.22.
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The Table Plotter is able to show complex datain four different representations: the modulus, the
rea part, the imaginary part and the phase.

Layer Props II |
s Complex Data for x axis HECEs] gl IR0
Cormplex Data for v axis i] C plot real part only
AppEArances O plat imaginary part only
o — I O plot phase part only

Figure 2.22. Preferences: Complex data can be displayed in four different ways as shown in this
properties menu.

The selected preferences are stored in a properties file and will be remembered the next time you
open Table Plotter.

» Advanced command line control of TablePlotter

After invoking Table Plotter from the command line or ascript, itsdisplay can befurther controlled,
alowing for integration of thistool into other applications that require interactive X/Y display and/
or data selection. As stated before, the following imports must be performed first.

from herschel .ia.gui.explorer.table inmport Tabl ePlotter
from herschel . share. conponent inmport W ndowVanager

A Table Dataset tbs would be plotted as followsin a Jython script or from the command line. Note
that in this case we retain the object tpl inbetween. This link enables us to access the Table Plotter
and its components from the command line.

wm = W ndowManager . get Def aul t ()
tpl = Tabl ePl otter(tbs)
wm addW ndow( ' test', tpl.conmponent, 1)

Now we should see a Table Plotter window as before, coming up detached of the HIPE window.
We can now go about our businessin HIPE. In case we make selections, we can get the result back
into the session with the following commands.

ext bl
flags

tpl.activelLayerStruct.extractedTabl eDat aset
tpl.activelLayerStruct.flags

The variable extbl now contains the resulting TableDataset after selection. It contains only rows
with at least two valid entries. Deselected entries are replaced by NaNs. Sometimes however it is
more convenient to just return the flags that were actually set for the origina table dataset. Thisis
done by the second line, where the flag array is saved in the variable flags. The dimensions of this
flag array match those of the original table dataset tbs, but the typeisa2 dimensional Boolean array.

The Table Plotter can also be pre-loaded with aflag array, which can be convenient in programmed
applications.

2.3.8. The Over Plotter

The Over Plotter isaconsequentia evolution out of the Table Plotter. It can be thought of as a stack of
individual Table Plotterswith the sameindividual functionalities so that severa graphs can beoverlaid
on top of each other with their individual scaling, panning, and data point selections. In addition, the
OverPlotter provides capabilities to navigate the stack of layers in a coordinated fashion, i.e. like a
stack of glued together transparencies. It further allows for synchronization of axis scales of different
layersand synchronous selection of dataacrosslayers. Asthe basic Table Plotter functionalities apply
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tothesinglelayersof Over Plotter aswell, they will not be repeated here. Please refer to the applicable
Table Plotter sections instead. This section will focus on all the functionalities that are specific to
Over Plotter.

2.3.8.1. Invoke Over Plotter

A table dataset can be opened also in Over Plotter. Right clicking of the table dataset within a product
in the product viewer and selecting "Open With" leads to a choice of viewers and tools that can be
applied (see Figure 2.16). To bring atable dataset into Over Plotter, just choose the respective option.
Note that at any time there can exist only oneinstance of Over Plotter in asession, while Table Plotter
can exist in many instances. In other words, selecting the option Table Plotter will always create a
new view in HIPE, while selecting Over Plotter will create anew view for Over Plotter only once and
after that send any further dataset to the same Over Plotter view as new layer.

2.3.8.2. Layout of Over Plotter

The Over Plotter main view looks very similar to the Table Plotter, but also shows a few important
differences.(seeFigure 2.23). The main differences are the "Layer Controls' panel, which replacesthe
"Overlay Plots' panel, and the addition of four synchronization buttons. The plot area now contains
obviously more graphs and a second pair of axes to the top and right sides.
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Figure 2.23. The main panel of Over Plotter is very similar to that of the Table PLotter. New features
include the Layer Controls panel and the synchronization buttons. This Over Plotter isin " All Layers’
mode.

The Over Plotter works in two main modes that can be chosen through the selection of layers: 1) a
"SingleLayer" modeand 2) an"All Layer" mode. The"Layer" drop down menu showsall theavailable
layers, i.e. all the table datasets that have been sent to the Over Plotter so far. In addition, it contains
an "All" entry. If selected the Over Plotter is switched to "All Layers' mode.

Please note that the same dataset can be sent to Over Plotter more than once. This makes sense as one
may want to overlay diagrams of different pairs of columns of the same table dataset. A limitation
of the Over Plotter is that a pair of columns of two different datasets can not be combined into one
diagram,as the equal humber of rows of both datasets is not guaranteed. However, columns of two
different datasets can easily be combined on the command line into two one table and then plotted
into one diagram, provided the tables have the same length. For instance, if tbl1 and tbl2 were two
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related table datasets of equal length and we wanted to plot the column RA from one dataset against
the column DEC from the other dataset, then we would execute 3 simple command lines like the
following and then display the newly crested table dataset in Table-Plotter.

# tbll and tbl 2 are table datasets

tbl = Tabl eDat aset () #create new enpty tabl e dataset
tbl["RA'] = tbl1['RA"] #add col utmm RA

tbl['"DEC] = thl 2["' DEC ] #add col utm DEC

#now open tbl in Table- or Over-Plotter.

In Figure 2.23 the Over Plotter isin "All Layers' mode and the graphs are shown in their selected
colors. Only for two graphs the axes can be shown. These are called the primary and the secondary
layers. The axes of the primary layer are the ones on the bottom (X-axis) and to the left (Y -axis), while
the axes of the secondary layer are the ones on the top (X-axis) and to theright (Y-axis). The axes are
shown in the color of the respective layers.
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Figure 2.24. This Over Plotter isin "Single Layer" mode. The primary layer is displayed in its selected
color and the secondary layer isdisplayed in green. All other layersaredisplayed in grey color.

In Figure 2.24 the Over Plotter isin "Single Layer" mode. In this case only the primary layer is shown
inits selected color. The secondary layer is always green and all other layersare all displayed in gray.

Theassignment of primary and secondary layer isdynamic and changeswhen another layer is sel ected.
Then the layer that was prime before becomes the secondary layer and will be displayed in green. The
previously secondary layer changes to grey color, unless it has been selected to be prime again, and
the new prime layer is shown in its selected color. An example is shown in Figure 2.24, where the
third layer that was gray in the previous example is now chosen to be prime, and the colors change
accordingly.
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Figure 2.25. This Over Plotter isin " Single Layer" mode. The primary layer is displayed in its selected
color and the secondary layer isdisplayed in green. All other layersaredisplayed in grey color. Theseare
the samelayersasin the previousfigure, but after selecting Layer 1to become prime.

2.3.8.3. Controls and Functions

Laner: laver 0 -

This drop down menu button shows the currently selected layer.
If asingle layer is selected, al actions apply to the selected layer only. Individual zooming, panning
etc. isperformed in thismode. ALL indicatesthat all layers are selected and actions are performed on
all layers simultaneously. A humber of buttons are not applicable in this mode and are grayed out.

|Rem|:ma:| MHone -

‘ This drop down menu button allows to remove specific layers.

Thismenu is available in any mode.
[sync

e
L™—" Thisbutton synchronizes the scale of the X-axis of the primary layer to the scale of that of
the secondary layer, i.e. the distances between equal intervals on the X-axis display on the same scale.

[Sync

| ¢ I This button synchronizes the scale of the Y -axis of the primary layer to the scale of that of
the secondary layer, i.e. the distances between equal intervalson the Y -axis display on the same scale.

[sync
—
L= This button synchronizes the offset of the X-axis of the primary layer to the offset of the

secondary layer, i.e. the primary layer is shifted in X-direction such that the values where the | eft Y -
axis cuts the primary and secondary X-axes become the same.
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2.3.9.

[Sync

f' This button synchronizes the offset of the Y-axis of the primary layer to the offset of the
secondary layer, i.e. the primary layer is shifted in Y -direction such that the values where the bottom
X-axis cuts the primary and secondary Y -axes become the same.

With all the possibilities of Table Plotter, except for the overlay function, available for each layer,
many combinations are possible. In Figure 2.26 an overlay of 3 layers with different scaling and
panning is shown. These are the same layers as in the previous plots, just with several display
parameters changed to illustrate the possibilities. In addition the first layer (Layer 0) hasa Y -log axis,
and the blue circles are connected by solid lines. The second layer (Layer 1) has selected enlarged
magentafilled diamonds, which are shown in green, because thisisthe secondary layer at thistime and
we arein single layer mode. The third layer (Layer 2) has selected blue enlarged triangles connected
with adashed line, which in this caseis shown in gray color, because this layer is neither primary nor
secondary layer right now.

[ TahlePlat..._w4.5.doc \QE:’: TablePlot...reiseFile T-‘ TablePloL..["HDU_1"] %

TIME(s) -Display Style

400 600 800 1000 1200 1400 1600 | i, [[marea . =
j [Tiog [orcie =

10°

L '":"(760,19—02] ......... ................. .................

0015 rMavigation

1
- t t
0010 | ot mmp |
2 1

—

=4

) YNC| sync| sync|sync|

4 JJj 1
= ¢

raelectiohs——

Hide X | Unhide O
Excl. Select | Unhide All

£ i i i i i ancols[l| show Al
I | N I I | | | | | | N I T | | | N I | | | N I | | | N T I |
-500 0 500 1000 1500 2000 Extract || Preferences|

TIME(s)

AN

L S S R

=

107

+:

SS_A3(V)

0005

S

0000

107

rLayer Controls
Layer: |layer 0w |

%-axis: [TIME = 1,% -axis E_Ag = 4= Caolar | hlue -
Remove:| None -

®0=1551353229:2007-02-28 11:26:36(UTC)
498.2

Figure 2.26. A complex examplefor illustration. The Over Potter isin " Single Layer" mode. The primary
layer isdisplayed in bluewith large symbolsand connected by aline. TheY-axisisset to logarithmic mode.
The secondary layer isdisplayed in green with large filled diamonds. Thethird layer isdisplayed in grey
color.

Due to the many logical combinations that are possible, mastering the Over Plotter can be a challenge
at times, especially when it comes to synchronizations of plots. Some serious training with the tool is
recommended. It should al so be mentioned that at the time of writing (HIPE V1.1) therearestill known
issues with overplotsinvolving log scales, or log/lin overplots, that will have to be fixed in the future.

The Power Spectrum Generator

The Power Spectrum Generator computes a power spectrum for each column of a Table Dataset. You
can accessit by right-clicking on a Table dataset in the Variables window in HIPE and choosing Open

With — Power Spectrum Generator.

This interface is awrapper around a command-line tool described in the Scripting and Data Mining
guide: Section 3.10.3. Please see that section for more details on the available options.

A time column must be selected in the main menu. The result is another table dataset, that can be
displayed with the TablePlotter. An example of asignal timelineis shown in (Figure 2.27, below).
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Figure2.27. A signal timelinedisplayed in Table Plotter that the Power Spectrum generator can beapplied
to.

When the Power Spectrum Generator is invoked a menu appears. It consists of selectors for the
time column in the dataset and its unit, in case that is not available or incorrect. There are two text
boxes labelled flimit and sigma, controlling the deglitcher, which can be de-activated in another
selector below. The button Start FFT initiates the processing, which results in a new table datatset
(see Figure 2.28, below).

Column:| TIME * | Units -
flimit: 0.1 |
sigma: |4.0 |
Deglitch: | an - |

| stanFT |

Figure 2.28. Main view of the Power Spectrum Gener ator.

Two text boxes are pre-filled with default values for the cut off frequency (flimit) and the deglitcher
threshold (sigma). Both flimit and sigma can be changed in the menu.

After clicking the Start FFT button, and a short processing time, awidget appears that allows naming
of the newly created table dataset. After pressing the OK button, the dataset isfed back into the session

and appears in the Variables view of HIPE. The TablePlotter can be used to display the dataset as
shown in Figure 2.29.
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Figure 2.29. Displaying the newly created power spectrain the Table Plotter.
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Chapter 3. Plotting

3.1. Summary

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

You can plot table datasets with the TablePlotter tool. For more information about TablePlotter see
Section 2.3.7 in Chapter 2).

3.2. How to

The following examples show how to create and modify plots from the command line. Note that, with
the exception of the first two steps, you can do everything via the plot properties window. To open
the plot properties window, right-click on the plot and choose Properties... from the menu.

Y ou can find more demo scriptsin Appendix A. The plot-related scripts are those beginning by Test
(Test Pl ot XY. py, Test Axi s. py and so on), at the bottom of the list.

In order to illustrate the steps to produce simple plots we need input x and y variables. The plotting
packageworkson Nuner i c1d data, whichisaone-dimensiona array of numbers of any type (Intld,
Float1d or Doubleld). Two numeric arrays are input, one as x-data and the other as y-data:

x = Doubl eld.range(11) # Creates array with values from0.0 to 10.0
y = X*X
1. Simpleplot:

pl ot = Pl ot XY()

pl ot . aut oBoxAxes = 1
| ayer = Layer XY(X,Y)
pl ot . addLayer (| ayer)

2. Overplot asecond x and y dataset:

x1
yl

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

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

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

And we note that the axis ranges are expanded correspondingly and that the new layer is with a
different colour.

3. Change the plot title and subtitle

plot.title.text = -"Exanple plot"
plot.subtitle.text = -"two | ayers"

or if you don't want to have plot title and subtitle you can switch them off

plot.title.setVisible(0)
pl ot.subtitle.setVisible(0)

4. Changethe axislabels:

plot.xaxis.title.text = -"X-val ues"
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plot.yaxis.title.text = -"Y-val ues"

5. Change the axis ranges:

pl ot. xaxi s. set Range([-2.0, 2.0])
pl ot . yaxi s. set Range([-10. 0, 10. 0] )

or go back to the auto range

pl ot. xaxi s. set Aut oRange( 1)
pl ot. yaxi s. set Aut oRange( 1)

6. Change the tick marks spacing and then the number of minor tick marks:

pl ot. xaxi s. get Ti ck(). setlnterval (3.0)
pl ot. yaxis. getTick().setlnterval (30.0)

and to have 5 minor tick intervals between the major tick marks (which means 4 minor ticks):

pl ot. xaxi s. get Ti ck() . set M nor Nunber ( 4)
pl ot. yaxi s. get Ti ck().set M nor Nunber ( 4)

7. Draw grid lines

pl ot . xaxi s. get Ti ck().set Gri dLi nes(1)
pl ot.yaxi s.getTick().setGidLines(1)

Note that the grid lines are drawn at the major tick marks.
8. Change the axis from linear to log

pl ot . xaxi s. set Type(Axi s. LOG)
pl ot . xaxi s. set Type( Axi s. LI NEAR)

Warning
O Theaxisrangesneed to be positive otherwise valuesareignored in the LOG plot. When
returning the plot back to LINEAR, al points are made plotted again even if some had
been dropped in the LOG plot.
9. Changetheline style for agiven layer

| ayer . set Li ne( Styl e. NONE)

Theline styles for setLine() can be

» Style NONE - symbolsonly

» StyleMARKED - symbols connected with lines

» Style.SOLID - solid line, no symbols

» Style. DASHED - dashed lines

» StyleMARK_DASHED - symbols connected with dashed lines
Note that in the MARKED styles the default plotting symbol is used

10.Change the plotting symbol and its size. In order to have an effect you need to change theline style
first to be one of NONE or MARKED styles

| ayer . set Li ne( Styl e. NONE)
| ayer . set Synbol ( Styl e. FSQUARE)
| ayer . set Synbol Si ze(10)
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The symbols can be:

Table 3.1. Symbols codes

DOT=1 adot VCROSS =2 a"+" sign
DCROSS=3 an"x" sign VDCROSS =4 a"+" +"x"sign
CIRCLE=5 an empty circle TRIANGLE =6 an empty triangle
UTRIANGLE =7 an empty upside-down|SQUARE =8 an empty sgquare
triangle
SQUARE_CROSS=9 |an empty square + "x" [DIAMOND = 10 an empty diamond
DIAMOND_CROSS=1hadiamond + "+" OCTAGON=12 an empty octagon
STAR=13 an empty star FCIRCLE=14 afilled circle
FTRIANGLE=15 afilled triangle FSQUARE = 16 afilled square
FDIAMOND=17 afilled diamond FOCTAGON=18 afilled octagon
UARROW =19 an up arrow DARROW =20 adown arrow
RARROW=21 aright arrow LARROW = 22 aleft arrow
DARROW_|L ARGE=28alarge down arrow UARROW _TRIANGLEa large up triangular
=24 arrow
DARROW_TRIANGL Ea large down triangular
=25 arrow
Note
@ You can use either the code or the numeric value for the symbol, that is,

setSymbol (Style.FSQUARE) is equivalent to setSymbol (16).

11.Change the colour of the symbols and lines for a given layer

| ayer . set Col or (j ava. awt . Col or. RED)
12.Show or remove the legend for the layers

pl ot. get Legend() . set Vi si bl e(1)

and we can also removeitt

pl ot. get Legend() . set Vi si bl e(0)
13.We can aso change the legend name for agiven layer

| ayer. set Nane(" Test 1")

and we can also remove the legend for a particular layer if we don't want it to appear on the plot

| ayer. set | nLegend(0)

14 Histogram mode. Y ou need to bein MARKED or SOLID line style for this mode to work:

| ayer . set Li ne( Styl e. MARKED)
| ayer. styl e. set Chart Type(Styl e. H STOGRAM

Thechart type can be HISTOGRAM - the datapoint isin the middl e of the histogram horizontal bar,
HISTOGRAM_EDGE - the data point is on the edge of the histogram horizontal, LINECHART -
the data points are connected with lines.
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15.Add error barsto x and/or y values. First we need to create arrays with errors

Xerr
yerr

SQRT(x)
SQRT(Y)

| ayer. set Error X(xerr, xerr)
| ayer.setErrorY(yerr,yerr)

Note that the upper (the first argument to setError() method) and the lower (the second argument
to setError() method) error limits can be different.

16.Add an annotation

| ayer. set Annot ati on( 0, Annot ati on(6.5, -10, "Test", col or =j ava. awt . Col or. GREEN) )

17.Y ou can use math and special symbols for text labels in your plot. It is possible to use TeX-like
formatting of strings. In particular, entering math mode using a $ symbol it is possible to insert
Greek characters, e.g. using\ \ al pha or\ \ bet a. Superscripts are preceded by the” symbol and
subscripts by the _ symbol. For example the following can be used to set the title of the x axis:

plot.xaxis.title.text="$A {1.3}"{b-3/2}%"
plot.xaxis.title.text="$\\al pha_{1.3}7{\\beta-3/2}$"

Note that it is necessary to use "\\" to escape the "\" symbol from the command line. A single
backslash should be used in the Property Panel window instead.

Warning
o Not all special symbolsare available. If the symbol isnot availableit will betreated as
normal text by the interpreter. For example, $\ \ Al pha$ will be rendered as\Alpha.

The available specia symbols are the following:
 All the lower-case Greek |etters.

» Thefollowing upper-case Greek letters:\ Ganma, \Delta, \Theta, \Lanbda, \ X,
\Pi, \Sigma, \Upsilon, \Phi, \Psi, \Onega.

» The\ angst romand\ m cr o symbols.
To insert other symbols you can use the Unicode escape sequence \ uxxxx, where xxxx isthe
hexadecimal code of the symbol. For example, \ u2299 corresponds to the circle dot operator,

which can a'so be used as symbol for the Sun.

For alist of Unicode sequences see for example http://www.utf8-chartable.de/.

18.Change the plot window size. Y ou can resize the window with the mouse or you can specify the
desired window size once you have added layers to the plot

pl ot . set W dt h(400)
pl ot . set Hei ght (300)

19.Save the plot to file:

pl ot . saveAsJPE "nyfile.jpg") # JPEG format
pl ot . saveAsEPS("nyfile.eps") # Encapsul ated PS
pl ot . saveAsPNE "nyfile. png") # PNG for mat

20.Printing of a plot. In the menu which pops up when you click with the right-hand side mouse
button you have "Print..." menu which allows you to send the plot directly to a printer (if you have
configured one far your system)
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21.Saving the plot. In the menu which pops up when you click with the right-hand side mouse
button you have "Save as..." menu which allows you to save the plot in different image formats:
Encapsulated PostScript file (EPS), JPG or PNG files.

22 Multiple plots per window.

When we add layers to the plot we can specify their position on a grid as in the example below
which places 4 layers onto a 2x2 grid (running indeces from 0,0 to 1,1).

pl ot = Pl ot XY()

| ayer = Layer XY(X,Y)

layer1l = Layer XY(x1,y1)

| ayer 1x = Layer XY(x1, y1/5.0)

| ayerly = Layer XY(x1/5.0,y1)

pl ot . addLayer (| ayer,0,0) # top |eft

pl ot . addLayer (| ayer,0,1) # top right

pl ot . addLayer (| ayer,1,0) # bottom | eft
pl ot . addLayer (| ayer, 1,1) # bottom ri ght

Now, if we open the plot properties GUI we have all four layers and we can change each one of
them if necessary. We can interact with each layer and changeits propertiesfollowing the command
line methods too.

23.Create aplot in batch mode.

Thisis useful when you have many layersto add to the plot and you want to avoid to have the plot
window redrawn and regjusted each time a new layer is added. From the above example:

pl ot = Pl ot XY()

pl ot. set Bat ch(1)

| ayer = Layer XY(X,Y)

layer1l = Layer XY(x1,y1)

| ayer 1x = Layer XY(x1, y1/5.0)
| ayer ly = Layer XY(x1/5.0,y1)
pl ot . addLayer (| ayer, 0, 0)

pl ot. addLayer (| ayer, 0, 1)

pl ot . addLayer (| ayer, 1, 0)

pl ot . addLayer (| ayer, 1, 1)

pl ot . set Bat ch(0)

3.3. In depth

This section is being enlarged with the final aim of documenting the complete set of functionalities
of the PlotXY package. Not all the available commands have been introduced yet; for a complete list
please refer to the related Javadoc documentation for the herschel.ia.gui.plot package.

Four main classes are described in this section: the Pl ot XY class, which is the representation of a
two-dimensional plot, and its related classes Axi s, Layer XY and Annot at i on which represent
the different building blocks from which the plot is constructed. We will also cover some features of
St yl e, handling the style of aplot (e.g. type, size and colour of plot symbols).

Pages containing more than asingle plot component are created by placement of plot "layers' (created
by the Layer XY class).

Thefollowing image showsthe place of four of these classeswithin the general plot architecture, using
as an example a page of four plots (the yellow rectangles).
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3.3.1.

. PlotXY class

. Axis class
. LayerXY class
. Annotation class

Figure 3.1. Classesinvolved in plot operations.

Depending on how you work with plots, either writing scripts or designing your plots interactively,
we recommend different approaches. For writing scripts you need to use the command line interface.
Thisway the plot is completely defined by written commands. If you design your plotsinteractively it
will be easier to use the graphical interface to manipulate plot properties which allows for button and
pulldown menu selection of plot properties such as fonts, labels, line types and colours.

Theclassused for 2D plotting iscalled PlotXY . This produces a plot whose properties can be changed
via command line input or through a properties GUI. Multiple plots can be added in "layers® to an
initial base plot and the default scales for a given plot will automatically adjust to allow &l pointsin
all layers of aplot to be visible, although the x and y ranges for a plot can also be set by the user.

Note
@ PlotXY does not store the data values. This makes it more memory efficient but can lead

to unexpected behaviour. For example, if you changethe arrays"n" or "€" in the previous
example, the plot will automatically update to the new values of "n" or "€".

n += 2 # adds 2 to every value in the array -"n"

If the above line is executed at the end of the sequence in the example then values along
the plotted x-axis will be shifted by 2 and automatically updated in the plots displayed.

Properties

Plot properties alow the definition of items such as colours, linetypes etc. with your personal
preferences.

Y ou can open the properties window in two ways:
 Right-click on the plot window and choose Properties... from the menu.
» From the command line, if the plot correspond to variable p, use this command:

p. props()
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The plot properties window (see Figure 3.2) consists of a tree-like structure on the left with all the
objects composing the plot (like layers and axes). The properties of the highlighted object appear in

theright panel.

The buttons at the bottom have the following functions:

Apply

Refresh

Save as default

Applies any changes to the plot, without closing the properties window.

Reads in the properties of the visible register card (plot, layer or axis).
This button is useful if you have the plot property GUI visible and change
properties from the command line. Refresh updates the GUI afterwards.

Saves the properties as default.
Notethat if you set aproperty for alayer or an axis as default, the property set

will be used for al layers and axis and not only for the one you have chosen
in the moment of pressing the button.

3.3.1.1. Plot properties

The plot properties available for a"PlotXY" object are shown in Figure 3.2. There are four sections.

Plot

Title

Subtitle

Boxed Plot

Legend

This allows the size of the plot window to be determined (in terms of physical size
or pixels).

The plot title can be typed in here and the result will appear at one of seven positions
available in the pulldown menu (left, right or centre at either top or bottom or
customised positioning). Thetitle appears after the Apply window button is clicked.
Note that a mouse click on the title will allow click-and-drag of the title to any
position on the plot. The font type and size can be customised using the Change...
button below the title box in the properties window.

Subtitles work in a similar way to titles except that the default positioning is below
the title and with a smaller font. Again, the subtitle can be dragged to anywhere on
the plot surface and font changed.

If thisisticked, then the plot is a box (otherwise only the left and bottom axes are
plotted). Thisis applied when the initial plot -- base layer -- is created.

The checkbox indicates whether alegend is shown or not, while the pulldown menu
provides eight different positions at which the legend can be placed. Again, the
legend position can be changed by a simple click-and-drag.

All changes are applied by clicking the Apply button.
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Figure 3.2. The Pl ot section of the Pl ot XY properties dialog.

3.3.1.2. Layer properties

The layer properties are used to define default layer properties or to manipulate the properties of
already constructed layers. This includes the layer name and style properties. In order to work on a
given layer, the user needs to click on the appropriate layer on the left hand side of the properties
panel. This brings up the layer properties dialog. See Figure 3.3).

The layer id number is automatically assigned, in numerical order starting from zero. Layers added
to the same plot are numbered from 1 upwards. Applying a new name will update the name given in
the legend of the plot for the layer.

The Style properties are applied to a particular layer of aplot. Here is where we can change the colour
and form of aplot.

Chart Type The pulldown alows for either aLINECHART or aHISTOGRAM plot.

Symbol The symbol type to be used for points on a plot can be chosen from 25 possibilities
in the pulldown menu. The symbol type number is also given (SQUARE ="8").

Color The colour can be changed by clicking on the coloured square and choosing from
the colour menu in the popup window.

Size Provides a scaling for the symbol size (in font points) used for plotting points on a
scatter plot.

Stroke Provides a scaling for the width of lines used for line plots.

Line Style Providesthe options of no line (NONE), asolid line (SOLID), alinewith each point

marked (MARKED), a dashed line (DASHED) or a dashed line plot with points
marked (MARK_DASHED).
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Dash Array Thetwo valuesthat are typed in here indicate the size of the dashes and the distance
between dashes. If adashed plot is requested.

The layer itself can be removed using the Remove button.

Finally, an annotation to the plot can be made using the Add Annotation button. This brings up the
an annotations properties window (see Figure 3.4).

Annotation The actual annotation and font type can be selected here.

Position Placement in the plot area (x and y) and the angle (in an anti-clockwise direction)
at which the annotation is displayed.

Alignment Indicateswhere relative to the position that the annotation isto be made. Essentially,
above it, below it or centred on it (vertical) and to left, to right or centred on it
(horizontal).
Herschel Property Panel |Z||E|E|
¢ I Plat | Laver
[ w0 avis i
RRFVE Name layer.o |
. | Add Annotation ‘
shown in legend
Chart Type |[LINECHART v
|'symbor  [s-SQuARE v
Color .
Size [2.0 |
| stroke [0 |
|Lme style  [DASHED v
Dash Array |1.0,12.0 |
| Apply H Refresh H Save as Default ‘

Figure 3.3. TheLayer section of the Pl ot XY propertiesdialog.
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| Apply H Refresh H Save as Default ‘

Figure 3.4. Dialog for adding an annotationtoalLayer.

3.3.1.3. Axis properties

The Axi s properties dialog (see Figure 3.5) is used in the same way as for the layer properties. In
order to work on a given axis the appropriate "X-axis' or "Y-axis" label in the left column display of
the properties window (as in Figure 3.5). This then brings up the Axi s properties dialog.

There are two elements that can be changed in this dialog:

AXis

Ticks

The user has options for where the axisis, on top/bottom (the POSITION pulldown menu),
left/right; whether it is linear or log; whether it is inverted or even invisible. Colour of the
axis can be selected by clicking on the coloured box (black isthe default) and choosing from
the colour selection popup.

The range can be set or |eft to be generated automatically.

Thetitle/label for the axis can chosen to be displayed either side of the axis and the font type
and sizeis selectable by clicking the "Change..." button.

Thetick positioniswith referenceto the axis. Choicesarefor either side of the axis, crossing
the axis (MIDDLE) or having no tick marks.

Grid linesfor each axis can be chosen individualy.

The tick mark intervals can be chosen or done automatically. The size of major and minor
tick marks can be typed in and the number of minor tick marks per major tick mark interval
also typed in (0 meansthere are no minor interval tick marks). Tick labels can be vertical or
horizontal on either axis. The number of decimal placesfor label valuescan aso beexplicitly
given (e.g., "%.2f" gives valuesto 2 decimal places) or |eft be calculated automatically.
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Figure 3.5. The Axi s section of the Pl ot XY properties dialog.

3.3.1.4. How to use properties

The result of a property setup procedure (with a defined set of properties) is given in Example 3.1.
This can be used to set up properties from the command line window of HIPE or for generating plots
from within scripts.

Doubl eld. range(20) -/ 10.

EXP( n)

Pl ot XY(n, e)

.props() # (1)

p[0] = None # (2)

p[0] = Layer XY(n, n*n, nanme="anotherLayer") # (3)
p[0].style.stroke = 5 # (4)

p[1] = Layer XY(n, 2*n*n, name="yet Anot her Layer") # (5)
p[1] .style.stroke = 7 # (6)

T T @ S

1. thiscommand allows graphical interface property setup, it fires the Plot Property GUI.

2. removes the first (and only) layer of the plot. Press the Refresh button in the Properties window
to see the change

3. overlays on the graph a plot of n versus n-squared and calls it "anotherLayer”. p[ 0] can be used
to refer to thislayer, like you would do with an element of an array.

4. setstheline stroke for overlay plot anot her Layer
5. adds yet another layer to the plot "p"...

6. ...and changes the line stroke on this plot too!
Example 3.1. Command line control of properties

The result of running above example is shown below.
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Figure 3.6. Thisplot isthe result of Example 3.1.

Note that if anew layer is added without defining either colour or line type, the current set of default
properties are used.

If colour and line type are specified in the constructor, they are used as specified.

p[ 2] = Layer XY(n, 8*n*n, name="norelLayers", synbol = Style. TRIANGLE, \
color = java.awt . Col or (250, 100, 0))

Note
S the backslash (\ ) symbol provides continuation of the command onto the next line and
should be immediately followed by a CARRIAGE RETURN.

The result of the above command line is shown below. In this case we have also illustrated how you
can create your own colour through a mixture of red, green and blue hues (values up to 256). In
this case, the result is an orange colour for our third plot layer.
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Figure 3.7. Adding in another layer givesthe orange curve (seetext).

3.3.1.5. Resizing a plot

Thewi dt h and hei ght properties are available to set the size of aplot in pixels. However, using
these properties on their own could cause unwanted side effects, like in the following example:

x =1
y =X
pl ot = Pl ot XY(wi dth = 600, height = 400)
layer = Layer XY(Xx, V)
pl ot . addLayer (| ayer)

nt1d([0, 1, 2, 3]) # Setting up sanple data

Adding the layer causes the plot window to grow to avery large size. This can be avoided by setting
theaut oAdj ust W ndowSi ze property to O:

X Int1d([0, 1, 2, 3]) # Setting up sanple data

y =X

pl ot = Pl ot XY(w dt h=600, hei ght =400, aut 0Adj ust W ndowSi ze=0)
layer = Layer XY(Xx, V)

pl ot . addLayer (| ayer)

Adding the layer in this case does not cause problems.

Another solutionisto set the plot size after all thelayershave been added, usingtheset Si ze method:

nt1d([0, 1, 2, 3]) # Setting up sanple data

pl ot = Pl ot XY()

layer = Layer XY(Xx, V)
pl ot . addLayer (| ayer)
pl ot. set Si ze(600, 400)

86



Plotting

3.3.2. Plot layers

Any plot is built up from layers. Even a simple 2D plot as we've created above has one layer that
contains the data from the two one-dimensional arrays we have used to build it. If you need to plot
multiple sets of datayou add one layer for each additional set.

As stated before the manipulation that you need to do on layers should be done through the layer
object. One such command isthe set Col or (col or) that we have used above.

Let's create a simple plot again with two layers and do some basic manipulations on the individual
layers. Example 3.2 plots two curves, one is the analytical function exp, the other curve has added
noise.

In the first three lines we generate some noise on top of the exponential function.

r = Randonbnifornm() # (1)
rn = Doubl e1d(20). apply(r) -- 0.5 # (2)

n Doubl eld. range(20)/ 10
e EXP(n) # (3)
en = e+trn # (4)

p = Pl ot XY(| ayers=[ Layer XY(n, e, nane="e", color=java.awt.Color.red)], \
titleText="Exponential plot") # (5)

p[0].setStyle(Style(line = Style. NONE, synbol = Style. FSQUARE, synbol Size = 3.5, \
color = java.aw . Col or. bl ue))

p[1] = Layer XY(n, en, nane="en") # (6)

| ayer _en = p.getlLayerXY(1) # (7)

| ayer _en. set Li ne(Styl e. NONE)

| ayer _en. set Synbol (Styl e. FCl RCLE)

| ayer _en. set Col or (j ava. awt . Col or. r ed)

| ayer _en.setlLine(l) # (8)
1. Produces random numbers between 0 and 1.
2. generates aset of 20 random double (real) numbers between -0.5 and 0.5.

3. The array e was defined in a previous example, but lets recreate it...e is an array of 20 numbers
which are €, €'°, €' etc.

4. adds the random numbersto the array e i.e. add noise to the data.

5. Plotthearray e, givethelayer anameand in thefollowing line change some of thelayer's properties
to make it a scatter plot.

6. Add the noise data to the plot as alayer with name en

7. In these four lines it is demonstrated how to make this layer a scattered layer with red circles as
symbols. Code 0 means "no line", while 14 is"filled circle".

8. reset the layer back to a line plot. Note how setting the line to "solid" (code 1) the symbols
automatically

Example 3.2. Working with layersfrom the command line.
Note

@ Please do not take the above as an example of the proper way to add noise to a function,
the'noise’ hereisjust to illustrate the layer concept.

Some of the more useful methods that work on layers are listed in the tables below. Please read
carefully the following note in order to interpret the tables correctly.
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Note

In order to save space we do not explicitly list al the available methods, as the Javadoc
does, but adopt the shortcuts described below.

* When amethod with "X" in its name is listed, there is also a method with "Y", doing
the same thing for the Y axis, unless specified otherwise. For example, there is a
set Ytitl e methodinadditiontoset Xtitl e.

Methods whose name begins with " set " are called setters and, you guessed it, are
used to set avalue. For every setter there is usually a getter , a method whose name
beginswith " get " and whose work is to retrieve avalue. The tables only list setters,
adding Get method available when the corresponding getter exists. A getter is called
without input parameters and its return value is of the same type as the input parameter
of the corresponding setter. For example, the set Xaxi s( Axi s axi s) setter hasa
corresponding get Xaxi s() getter returning an object of classAxi s .

This is not a shortcut but is worth mentioning anyway. 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 will add

SomethingElse to the existing

Something.

Table 3.2. Methods for handling Annotationsin layers.

addAnnot ati on( Annot ati on
annot at i on)

Addsan Annot at i on object to the layer.

addAnnot ati ons( Annot ati on[ ]
annot at i ons)

Adds several Annot at i on objectsto the layer.
The input Annotations are passed as an array.

set Annotation(int id,
Annot ati on annot ati on)

Sets an annotation to agivenid,
replacing what was there before.

set Annot ati ons(Annot ati on[]
annot at i ons)

Replaces all the annotations with
the ones provided in the array.

get Annotation(int i) Retrieves one annotation from the layer.
et Annot at i ons() Retrieves all the annotations from the layer.

9 The annotations are returned as an array.
renoveAnnot ati on(int id) Removes the annotation with the specified id.

cl ear Annot at i ons()

Removes all the annotations.

Table 3.3. Methodsfor handling error barsin layers.

appendEr r or X(doubl e
| ow, doubl e high)

Appends alow and high error value of x.

appendEr r or X( Or der ed1dDat a
| ow, OrderedldData high)

Appends a set of low and high error values of x.

set Error X(Or deredldData[] error)

Setslow and high error values of x.

set Error X( Or der ed1dDat a
[ ow, OrderedldData high)

Setsthe low and high error values of x.

get Error X()

Returns an array of Or der ed1dDat a

with length equal to 2.

Table 3.4. Axis-related methods of the Layer class.
" XII Wlth " YII X

All can equally be applied to the y-axis by replacing

set Xaxi s(Axi s axi s)

Setsthe x axisto the specified Axi s instance.

Note: the x axiswill be reinstantiated
with its default settings plus whatever is
indicated in the AXi s instance. So any
prior manipulations of the axis are lost.
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set Xrange(doubl e[] range)

Sets the range of the x
axis. Get method available.

setXtitle(String title)

Setsthe title of the x axis. Get method available.

set Xt ype( Axi s. Type type)

Sets the type of the x axis based on the
axistypes available. LINEAR istype 0,
LOG istype 1. Get method available.

set Xy(OrderedldData[] xy)

Setsthe x and y values, passed as elements of
an "array of arrays" of size two. Get method
available. Note that thereis no set Yx method!

set Xy(Or der edldDat a
X, OrderedldData vy)

Setsthe x and y values, passed as two separate
arrays. Note thereisno set Yx method!

set Y(OrderedldDat a y)

Sets the ordinate values. Get method
available. Notethereisaget X
method but not aset X method.

shar eXaxi s(Axi s axi s)

Removes the x axis and uses
the given axis as a shared one.

Table 3.5. Miscellaneous setters of the Layer class.

set Nanme(t ext)

Changes the name (and thus the legend)
of the layer. Get method available.

set Li ne(line code)

Changesthe plot to aline plot for the
specified layer. Get method available.

set Synbol (synbol code)

Changes the plot to a scatter plot for the
specified layer. Get method available.

set Synbol Si ze(int size)

Sets the size of athe symbol. Get
method available (note that it returns
adoubl e rather thanani nt .

set Synbol Shape( Synbol Shape
shape)

Sets the shape of the symbol. The input
parameter is an instance of the class
Synbol Shape. Get method available.

set Col or (col our)

Sets the colour of the symbols and lines for
the specified layer. Get method available.

set St r oke( stroke)

Sets the stroke of the line for the specified layer
(only for line plots). Get method available.

setStyle(Style style)

Setsthe style of the layer. The input
parameter is an instance of the

St yl e class. Get method available.

Table 3.6. Other methods of the Layer class.

addPoi nt (doubl e x, doubl e y)

Adds apoint to the layer.

addPoi nt (Or der ed1ldDat a
X, OrderedldData vy)

Adds a set of pointsto the layer.

get Coor ds()

Waits for mouse click and
returns the coordinates of the
pointer. Returnsadoubl e[ ] .

get Coords(i nt n)

Like the previous method, but this
one does the job for n successive
clicks. Returnsadoubl e[ ][]

get Dat aCoor ds()

The difference with respect to the previous

two methods is that this time the coordinates
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of the layer point closer to the mouse
pointer are returned. Returnsadoubl e[ ] .

Like the previous method, but this
get Dat aCoor ds(i nt n) one does the job for n successive
clicks. Returnsadoubl e[ ][] .

Returnsani nt representing the index

get1d() of the current layer inside the Pl ot XY.

set | nLegend( bool ean) Tr ue if thelayer is shown in the legend.

Returns Tr ue if the layer

sl nLegend() is shown in the legend.

Tr ue if exceptional valueslike NaN
and infinity are notified as errors,
Fal se if they are only logged.

set Not i f yWar ni ngAsExcepti onal
(bool ean)

Returns Tr ue if exceptional values
i sNot i f yWar ni ngAsExcepti onal () like NaN and infinity are notified as
errors, Fal se if they are only logged.

. Herschel PlotXY =

.

Exponential plot

o.on 0:0 0.60 090 120 150 180

x (=)

Figure 3.8. Plot showing the result of manipulation of layersfrom the command line.

The Layer XY class provides a much larger number of methods to specify the appearance of data
pointsin layers. Next to simpleline and scatter plots, lines and symbols can be combined and symbols
can be circles, rectangles, triangles, squares etc. which can be filled or not with a specified colour.
Lines can be solid or dashed with their own colour. Find the possible predefined symbolsinthe St yl e
class and access them for exampleby | i ne = Styl e. SOLI D.

We are not going into detail for al these methods but you should try them out with the Javadoc
documentation for Layer XY lying next to you.

Plot axes

Aswith Layers most manipulations of both X and Y axes can be done through the Axi s class.
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L et's continue with our previous example and make some changes to the axes illustrating how we can
adjust labels, grid lines and change axes to alogarithmic scale.

# Set up our overlay plot again

r = RandonmUni form() #

rn = Doubl eld(20). apply(r) -- 0.5

n Doubl eld. range(20)/ 10

e = EXP(n) #

en = e+rn

p = Pl ot XY(| ayers=[ Layer XY(n, e, nanme="e", color=java.awt.Color.red)], \
titl eText ="Exponential plot")

p[ 0] .setStyle(Style(line = Style. NONE, synbol = Style. FSQUARE, synbol Size = 3.5, \
color = java.awt. Col or. bl ue))

p[1] = Layer XY(n, en, nanme="en")

The y axis is a bit cluttered, but a couple of commands will tidy up the ness

First of all we change the format of the tick |abels...

.yaxis. tick.label.fornmat="93. 1f"

-...then we display a | abel every two ticks

.yaxis.tick.label.interval =2

Now we change the axis | abel

.yaxis.title.text="1og(exp(x/10))"

This shows the y axis gridlines, TRUE = 1

yaxi s. tick.gridLines=1

Change x axis | abel

.xaxis.title.text="index"

-...and finally we adjust the range of y values that we

want the plot to have.

.yaxi s. set Range([ 0.5, 10])

T HHT T HT DT HT HH

Example 3.3. Axes, labelsand grid lines

It isalso possible to use TEX-like labelling for subscripts and superscripts. For example:

p.xaxis.title.text="$x_17{2a}$"

Herschel PlotXY £

Exponential plot

46 6483

2.8

loglexplx/ 103

0.00 0.30 0.60 0.90 120 150 1.80
index

Figure 3.9. Changing Axes, labels and added grid lines.
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Each layer can have at most two axes (the first layer of a plot has two axes by default). If we have
more than one layer in the plot, we can add and visualise new axes. Thisisillustrated in the following
example.

# Set up our overlay plot again

r = RandonmUni fornm() #

rn = Doubl eld(20). apply(r) -- 0.5

n Doubl eld. range(20)/ 10

e = EXP(n) #

en = e+rn

p = Plot XY(| ayers=[ Layer XY(n, e, name="e", color=java.awt.Color.red)], \
titleText="Exponential plot")

p[0].setStyle(Style(line = Style. NONE, synbol = Style. FSQUARE, synbol Size = 3.5, \
color = java.awt . Col or. bl ue))

p[ 1] = Layer XY(n, en, nane="en")

# Cet the layer we want to change

| ayer =p. get Layer XY(1)

# Add a new x axis

| ayer. set Xaxi s(Axi s())

### NOTE: when using Axis() to create a new axis or recreate an axis the defaul t

### axis scaling/range values are taken and overwite any axis nanipul ations

### that nmay have been done before.

# Rel ease the lock on the new x axis

| ayer. xaxi s. set Lock(0)

# Restrict the range of the plot to x values between 0.5 and 1.5

| ayer. xaxi s. set Range([ 0.5, 1.5])

# Add a | abel to this new axis

layer.xaxis.title.text="New X axis"

# Update the en layer so that it is half the value it was

# before and repl ot

| ayer.set Xy(n, en/2)

# Now put the plot in a situation where the newy axis val ue range

# is automatical ly cal cul at ed.

| ayer. xaxi s. set Aut oRange( 1)

Example 3.4. Putting multiple axes on the same plot.
Note

@ If after the second instruction (I ayer. set Xaxi s(Axi s())) you get the error
TypeError: no public constructors for herschel .ia.inmge. AXi s
it means that HIPE thinks you are referring to the Axi s classin the image rather than the
plot package. Issuing the command f r om her schel .ia. gui.plot inmport *
should fix the problem.

Theresult of running this example is shown in Figure 3.10.
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. Herschel PlotXY <25 =

2.8

log(exp(x/10))

0.90
index
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Figure 3.10. Example of a second X-axislabel relevant to thered line plot.

Some of the more useful methods that work on axes are listed in the tables below. For a complete

reference of the methods that can be used to manipulate and tune the appearance of the axes please
consult the Javadoc documentation for the Axi s class.

Table 3.7. Useful ways of manipulating axes from the command line

axis = layer. get Xaxi s()
or get Yaxi s()

Getsthe X or Y Axisobject to do direct
mani pulations on the corresponding axis

set Aut oRange(fl ag)

If f | ag istrue, adjusts the range of the specified
axis so that all datapoints will be shown

set Range([ | ower, upper])

Set the range of the specified axisto
values between lower and upper. Note
that we no longer have two arguments
for the lower and upper limits, but one
array argument containing both values.

setGidlines(flag)

Show grid lines for the specified axis if flag
istrue, hidethe grid linesiif flag isfase.

Table 3.8. Methods for handling labels on axes.

get Ti ck() . get Label (). set Col or
(j ava. awt . Col or col our)

Sets the colour of labels. Get method available.

get Ti ck() . get Label () . set Font
(java. awt . Font font)

Sets the font of labels. Get method available.

get Ti ck() . get Label (). setFontSi ze
(doubl e size)

Setsthe physical size of
|abels. Get method available.

get Ti ck() . get Label (). setlInterval
(int n)

Setsthe interval (in ticks) between

successive labels. Get method available.
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get Ti ck() . get Label ().
setOrientation(int n)

Sets the orientation of the labels (0 for
horizontal, 1 for vertical). Get method available.

get Ti ck() . get Label ().setStrings
(String[] |abels)

Replaces the current l1abels with the valuesin an
array of St ri ng objects. Get method available.

get Ti ck() . get Label ().setPosition
(Axi sConst ants. Posi tion position

Sets the position of the labels with respect
to the axis. Possible values are TOP or
BOTTOM(for abscissaaxisand LEFT or Rl GHT
for ordinate axis. Get method available.

Table 3.9. Methods for handling ticks on axes.

col our)

get Ti ck() . set Col or (j ava. awt . Col or

Sets the colour of ticks. Get method available.

get Ti ck() . set Hei ght (doubl e si ze)

Setsthe physical height of the
major ticks. Get method available.

get Tick().setlnterval (doubl e
i nterval)

Setsthe interval (in axis units)
between ticks. Get method available.

get Tick().setPosition
(Axi sConstants. Position position

Sets the position of the ticks with respect to
the axis. Possible values are TOP or BOTTOM
for the abscissaaxisand LEFT or Rl GHT
for ordinate axis. Get method available.

get Ti ck() . set Nunber (i nt ticks)

Sets the number of major ticks displayed
on the axis. Get method available.

get Ti ck() . set M nor Nunber (i nt

Sets the number of minor ticks displayed

m nors) between two major ticks. Get method available.
get Ti ck() . set Val ues( Doubl eld Setsthe values whereticks are to
val ues) be placed. Get method available.
get Ti ck() . set Aut 0Adj ust Nunber Tr ue if the number of tickson
(bool ean) the axisis set automatically.

get Ti ck() . i sAut oAdj ust Nurber ()

Returnst r ue if the number of ticks
on the axisis set automatically.

get Ti ck() . set Aut oVal ues(bool ean)

Tr ue if the positions of theticks on
the axis are chosen automatically.

get Ti ck() . i sAut oVal ues()

Returnst r ue if the positions of the ticks

on the axis are chosen automatically.

Table 3.10. Miscellaneous setter S/getters of the Axi s

class.

set Type(Axi s. Type type)

Sets whether the axisis linear (0)
or logarithmic (1). You can also use
Axi s. LI NEARand Axi s. LOGas
input parameters. Get method available.

set Li near ()

Setsthe axisto alinear scale. Equivalent
toset Type( Axi s. LI NEAR) .

set Log()

Setsthe axisto alogarithmic scale.
Equivalenttoset Type( Axi s. LOG) .

set Col or (j ava. awt . Col or col our)

Sets the colour of the axis. Get method available.

set Aut oRange( bool ean
i SAut oRange)

Sets whether the range is
automatically determined. Get
method i sAut oRange available.

get Ti ck().set Gi dLi nes(bool ean)
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Sets whether grid lines are displayed.
Get methodi sGri dLi nes available.

Sets whether values on the axis are displayed
set | nverted(bool ean) ininverted order (e.g. right to | eft for abscissa).
Get method i sl nvert ed available.

Sets the position of the axis with respect to
set Position the plot. Possible values are TOP or BOTTOM

(Axi sConst ants. Posi tion position for abscissaaxisand LEFT or RI GHT

for ordinate axis. Get method available.

Sets the range of the axis. The lower
set Range(doubl e[] range) and upper limit are passed inside
an array. Get method available.

set Range( doubl e Sets the range of the axis. The lower and upper
| ow, doubl e high) limit are passed as separate doubl e parameters.

Sets the position of the axistitle with respect

getTitle().setPosition to the axis. Possible values are TOP or
(Axi sConst ants. Posi tion position | BOTTOMfor abscissaaxisand LEFT or RI GHT
for ordinate axis. Get method available.

Sets whether the axisisvisible. Get
method i sVi si bl e available.

set Vi si bl e(bool ean i sVisible)

It isalso possible to set the Axisin one go using GUI plot' Axi s class. An example of thisis:

X Doubl eld. range(10)

y X* X

plt = PlotXY()

plt[1] = Layer XY(X,Y)

plt[1].xaxis = Axis(titleText="M/ x-axis")

Warning
O Users should beware that use of the Axis classin this way will take a set of axis defaullts,
such as axis ranges. If instead of the last line above the following two lines are used in
the given order

pl t[1].xrange=[-1. 0, 15. 0]
plt[1].xaxis = Axis(titleText="M x-axis")

The Axis command defaults will override the previously set plot axis range.

If only the axis label requires changing it is better to use the following

plt[1].xaxis.text = -"New text"

Error bars

Error bars can be added to any layer of a plot. In order to add errors to points in alayer we use the
"setErrorX and "setErrorY" methods on alayer. For example:

| ayer. set Error X(xerror_up, xerror_down)
and
| ayer.setErrorY(yerror_up, yerror_down)

Where "up" and "down" indicate the extent of the errors with increasing and decreasing values of x
ory.

The following example indicates how we can apply error bars to the defaullt, first layer of aplot.
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x = 1.0 + Doubl eld.range(10) # create x and y data arrays
y = x+5.0

yerr = SQRT(Xx) # associate errors with them

xerr = SQRT(x)/x

= Pl ot XY(x,y) # create the plot

.style = Style(line=Styl e. MARKED, synbol =6, col or=j ava. awt . Col or.red) # set style
xaxis = AXis(titleText="x-axis (cm",type=Axis.LOG # nake it a |log-log plot
yaxis = Axis(titleText="y-axis (cm",type=Axis.LOG

xrange=[ 1.0, 11. 0] #set how | arge the plot will be in the x/y directions
.yrange=[ 5.0, 16. 0]

.setErrorY(yerr,yerr) #apply error bars

.setError X(xerr, xerr)

.get Legend().setVisible(l) # show the | egend

.setTitleText("Error bar exanple plot") # give the plot a title

T T T T TTTTTO

Example 3.5. Adding error barsto plots
The above example produces the plot shown in Figure 3.11.

It is also possible to access non default layers. For example, carrying on from the previous example
above we could add a second layer and apply error bars to that too.

x2 = 3.0 + Doubl eld.range(10) # create new x and y val ues to pl ot

y2 = x+ 4.0

y2err SQRT(x)/4 # create new error bars for plotting

x2err SQRT(x)/ (2*x)

p[1] = Layer XY(x2,y2)

p[1].style = Style(line=Styl e. MARKED, synbol =6, col or =j ava. awt . Col or. bl ue)
p[ 1] . set Error X(x2err, x2err) # apply different error bars
p[1].setErrorY(y2err,y2err)

Thefinal plot isshown in Figure 3.12.

Error bar example plot

N Fal
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8
I

y-axis (cm)

I I I I I I I I I I
0 1.3 36 2.0 25 3240 S50 50 8.0 10.0

x-axis (cm)

Figure3.11. Setting errorsin a plot
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Error bar example plot
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Figure 3.12. Applying errorsto a specific layer of a plot

3.3.5. Annotating, decorating and saving plots

There are quite anumber of methods that we can use to make our plot more appealing and informative.
A number of these methods were already mentioned in the sections on layers and axes, but we are
going to put them into practice here. We continue with our example and add proper names for layers,
annotate some datapoints and put a title on top of the figure (see Figure 3.13). The example below
also shows how to extract the Layer objects from the plot in order to manipulate them directly.

97



Plotting

# Set up our overlay plot again

r = Randonmuni fornm() #

rn = Doubl eld(20).apply(r) -- 0.5

n Doubl eld. range(20)/ 10

e EXP(n) #

en = e+rn

p = Plot XY(l ayers=[ Layer XY(n, e, nane="e", color=java.awt.Color.red)], \
titleText ="Exponential plot")

p[0].setStyle(Style(line = Style. NONE, synmbol = Style. FSQUARE, synbol Size=3.5, \
color = java.awt. Col or. bl ue))

p[ 1] = Layer XY(n, en, nane="en")

# Get the |layer we want to change

| ayer = p.getlLayer XY(1)

# Change the name (and the legend) for this |layer to say what we want

| ayer . set Nane(" exp+noi se")

# Place sonme annotation at position 1, 2

layer[0] = Annotation(3, 6, -"Noise on top of exp()", color=java.aw . Col or. bl ue)

# Get the first layer of the plot...

| ayer = p.getLayer XY(0)

# -...and change its nane

| ayer. set Nane(" exp")

# Set a new style

| ayer.setStyle(Style(line = Style. MARKED, synbol = Style. FTRI ANGLE, \

color = java.awt. Col or. green, synbol Si ze=7))
Gve the plot a title
.title.text = -"Exanple of a |ayered plot"

Save it as a PNG file for inporting as a picture into docunents etc.
. saveAsPNGE "nyPl ot . png")

Alternatively, save it as a JPEG file...
.saveAsJPGE "nyPl ot. j pg")

-...or an EPS file
. saveAsEPS(" nyPl ot . eps")

T #+0T #+T #+T H#

Example 3.6. Decorating a plot.

Note that we changed the name of both layers in the second and fifth line of the script. Changing the
name also changes the legend displayed on the plot.

For the exp+noi se layer we put an annotation at a specific point (layer coordinates) in the plot.
Please check the detailed package documentation of the Annot at i on class for methods to change
the font, the size and other properties of an annotation.

For the exp layer we have changed the appearance of the datapoints to aline with triangles on top of
it. Please refer to Section 3.3.2 for information on basic manipulation methods for layers.
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3.3.6.

3.3.7.
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Figure 3.13. The plot has been annotated and decor ated.

Colours in plots

Colours can be set for anumber of partswithin a plot. Methods can normally take a colour at creation
time e.g. when adding alayer to the plot you can specify the colour to be used for its datapoints or for
individual layers, labels etc. the colour can be specified with dedicated commands.

To specify a colour as an argument you haveto passaj ava. awt . Col or object. The easiest way
to do thisisto use their default namesase.g. j ava. awt . Col or . bl ue. If you don't want to write
thej ava. awt . bit every timeyou will need to import theawt package. Once imported colours can
be changed as follows:

| ayer . set Col or ( Col or. green)

The default names for colours are: black, blue, cyan, darkGray, gray, lightGray, green, magenta,
orange, pink, red, whiteand yellow (all preceded by Col or .). Another easy way to useacustom colour
isto specify thered, green, blue valuein rangesfrom 0to 255: Col or (red, green, bl ue).So
we could also do the following to get a similar green colour.

| ayer . set Col or ( Col or (0, 250, 20))

File output and printing without displaying
Sometimes you do not want to plot to the screen, but would rather write your plots directly to files.

* We can generate a plot using the basic constructor (p=Pl ot XY()), setting it to invisible
(p. set Vi si bl e(0)) which can later be filled by plot information such as x and y data. This
works, but will cause window flashes on the computer screen. Better is to completely render the
plot. The last value of "0" in the second form of the plot construction, below, indicates that the plot
will not be made visible when it is created but can be made visible at a point of the user's choosing.
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# Create an array with 100 doubles in it

data = Doubl eld(range(100))/10.0

# Hde an unfilled plot... but still showi ng the wi ndow

p = Pl ot XY(vi si bl e=0)

# Hi de a conpleted plot of data versus data squared. Causes w ndow flashes
p2 = Pl ot XY(data, data.copy().power(2), titleText = -"Title", visible = 0)

Our plot can now be made visible using

# Now make the plot visible
p. set Vi si bl e(1)

» Tosavetheplot directly to file you can then use the following two methods:

p. saveAsJPE "fil enane") # for a JPGfile
p. saveAsPNG "/ home/ nypat h/ fil ename") # for a PNG file
p. saveAsEPS("fil ename") # for an EPS file

3.3.7.1. Using batch mode

3.3.8.

Imagine you have written a script for drawing a plot made of several layers. Normally, when you
execute the script, the plot will first be created and then redrawn each time anew layer is added. You
may want the plot to be drawn just once with all the layers already in place, rather than being updated
at each intermediate step. Y ou can do that by invoking the set Bat ch method on your plot object.
For example, hereis a script snippet where the batch mode is turned on right after creating a plot:

# -...previous script comands.. .

myPl ot = Pl ot XY()

nmyPl ot . set Batch(True) # We could also wite nyPlot.setBatch(1)
# -...the script goes on...

After the last plot commands you may set the batch mode back to false with
nmyPl ot . set Bat ch( Fal se) or nyPl ot . set Bat ch(0), and al the layers will be drawn at
once.

Windows containing more than one plot

Morethan one PlotXY plot can be placed within asinglewindow using theset Layer method. Each
layer that a user creates can be placed in agrid which isx unitslong by y unitsin height. The layer is
given an integer identifier that indicates where in the grid it should be put.

pl ot.setlLayer(int id, LayerXY layer, int gridx, int gridy)

Following thiswe can place previously created PlotXY componentsinto each of thewindow positions.
We indicate their position along the width (starting from 0) then the height (starting from 0). So we
might place the 4 plots (pl ot 1, pl ot2, plot3, plot4)intoour composite window using
code such asin Example 3.7.
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# Create the data

data = Doubl eld. range(100)/10.0

dat a2 = data. copy().power(2)

dat a3 = data. copy(). power (3)

dat a4 = data. copy(). power (4)

# Create individual plots to

# add to our conposite plot

plotl = Layer XY(data, data)

pl ot 1. set Nane("l i near")

pl ot 1. set Col or (j ava. awt . Col or. r ed)

pl ot2 = Layer XY(data, data2)

pl ot 2. set Nane(" Squar e")

pl ot 2. set Col or (j ava. awt . Col or. gr een)
pl ot 3 = Layer XY(data, data3)

pl ot 3. set Nane( " Cubi c")

pl ot 3. set Col or (j ava. awt . Col or. bl ue)
pl ot4 = Layer XY(data, data4)

pl ot 4. set Nane("4th power")

pl ot 4. set Col or (j ava. awt . Col or. or ange)
# start adding in the layers in grid
# positions 0,0 to 1,1

p = Pl ot XY()

p. set Layer (0, pl ot 1, 0, 0)

p. set Layer (1, plot2,0, 1)

p. set Layer(2,plot3,1,1)
p
#
#

.set Layer (3, plot4,1,0)

Let's change the col our of plotl

we use it's id nunber -'0
p[ 0] . set Col or (j ava. awt . Col or. bl ack)
# We can al so change ot her things such
# as the axis labels for just one plot
# within the grid
p[ 0] .xaxis.title.text
p[0].yaxis.title.text

-"Unit"
-"Linear"

Example 3.7. Multiple plotting

The above code produces the multiple plot window shown in Figure 3.14. Alternately, layers can
simply be added to plots -- no id number is then required.

pp = Pl ot XY()

pp. addLayer (pl ot 1, 0, 0)
pp. addLayer (pl ot 2, 0, 1)
pp. addLayer (pl ot 3,1, 1)
pp. addLayer (pl ot 4, 1, 0)
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3.3.9.
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Figure 3.14. Example of multiple plotsin a window from Example 3.7.
The properties of any one of the layersin the PlotXY window can be adjusted, e.g.,

p. props()

Mouse interactions with plots

We can get information from plots using amouse command. Two basic mouse commands allow point
values to be obtained from plots and nearest data points val ues to be found.

In order to find mouse coordinates within a given layer of aplot we can use the "getCoords" method.
This allows multiple points to be obtained and stored in an array.

#Mouse Coor di nat es:

#get nmouse coordi nates fromthe first of our
#multiple plots (click on plot |ayer 3 tines)
poi nt s=pl ot 1. get Coor ds( 3) #
print points

This produces x and y coordinatesin two arrays of doubles.

# x positions in a Doubl eld array
xarray = Doubl eld(poi nts[0])
# y positions in a Doubl eld array
yarray = Doubl eld(points[1])

Similarly we can get nearest data points

#Dat a coor di nat es:

#get 5 Data points (click on plot layer 5 tines)
dat axy=pl ot 1. get Dat aCoor ds( 5) #

print dataxy
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Once again, the output isin two arrays of x and y coordinates.
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Chapter 4. Image analysis

4.1. Summary

This chapter describes the following tools for manipulating images:
» Basic toolsfor clipping/clamping, cropping, rotating, scaling, trand ating, transposing.

* Image arithmetics tools: adding, subtracting, multiplying, dividing, computing logarithms,
exponentials and square roots, and so on.

» Aperture photometry with acircular target aperture and an annular or rectangular sky aperture.

» Histograms of the whole image or of a region bounded by a circle, an ellipse, a rectangle or a
polygon.

» One-dimensional profile plotting.
 Contour plotting and overlays.

* Source extraction.

» Flagging saturated pixels.

All these tasks work on a Si mpl el nage that can be derived from a FITS fileimport, or even from
an image file such as a JPEG.

It should be noted that the overview and zoomed images displayed to the right of the displayed image
during basic image analysis are the reverse for those when just displaying the image.

If you need atest image to test the utilities described in this chapter, see Section 2.3.2.

4.2. How to

4.2.1. Getting images from the Herschel Science
Archive (HSA)

When downloading a product out of the science archive we access images from an
Observat i onCont ext. An Cbservati onCont ext contains al the information associated
with a single observation and its processing (including all associated calibration files). A download
from the HSA contains products made available from several levels of processing.

104



Image analysis

L0 Variables X [l
-
@ MILLISECOMDS =]
@ MINUTES
@ newvariahle
@ newiariablez
@ ONE
@ PERCENT
@ prod .
L orod1 |
@ products |
@ _pFrom BE
o= Outline X (=0
T oETTTreTTTT
package |her5che|.ia.nh5
= prod1
= = Mamed Products
= level2
!-- @ type: herschel.ia.pal.Map
!-- @ urnchsaherschelia.pal.
- @ meta {load)
L@ product {oad)
& (5 leyelD -
14 k

Figure4.1. An Gbser vat i onCont ext called "prodl" hasbeen obtained from the HSA. Clicking on the
folders it containsin the " Outline" window allows us to get at the Level 2 product -- the final pipeline
output for this observation.Contents of an Gbser vat i onCont ext

[ B= Outline x ==

narme prod1 refs['level]
class MapContext
package herschel.ia.pal

= prodi refs['level2"].product
[ Mamed Products
- 2 HPPAVGR
- @ type: herschelia.datasetim
- @ urnchsaherschelia.dataset
- @ meta {load)
- @ product {oad)
% HPPAVGE

X i

Figure 4.2. A double-click on the product highlighted in blue in Figure 4.1 provides this Outline view.
A double-click on the product highlighted displays the image from the green channel of this PACS
observation.PACS green channel image access
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Figure4.3. The PACS green channel image displayed in the full work bench of HIPE.

In the "Variables' and "Outline" displayed in Figure 4.1 and Figure 4.2 we see first an
(oser vat i onCont ext called "prod1" which isaPACS photometer test observation -- which has
been expanded in the "Outline" view. A double click on the "Level2" product will show the outline
of the final processed image (which contains two PACS images in two channels of the photometer
taken simultaneously, a green channel and a blue channel). Thisis shown in Figure 4.2. We can aso
getthe Si npl el mage (e.g., nameit "imagel") by extracting it fromthe Gbser vat i onCont ext .
The line below can do this from the command-line of the "Console" view.

imagel = prodl.refs["level 2"]. product.refs["HPPAVGR'] . product

A double click on the product automatically opens up an image display of the test image. In the
"Outline" window we can actually see that there are several datasets which include an error map, a
coverage map and exposure map associated with the image (see Figure 4.3). A right click on any of
the associated datasets and going to "Open With..." alows a Dataset viewer to appear which shows
metadata and array data for the particular dataset.

Applying image transformations

All image transformations can be applied in the same way. First, select a Si npl el nage in the
Variables view, then go to the Tasks view and select a transformation from the Applicable folder. To
select one of the transformation tasks, double-click on its name on the Tasks view. This will bring
up adiaog for the task.

Dialogswork inasimilar fashion for all image transformations. Y ou can set parameters via pull-down
menus or text boxes. Clicking on Accept runs the task.
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4.2.3.

] Editor %

5 myimage? (@ cutLevels L@ clamp L erap | @ rotate x (e scale (@ transiate ‘(@ transpose
Input

[

Input Image ® mylmage?

Rotation Angle 0a ‘

[Bi-tinear (defauly =]
Mearast Neighhor (fast)

Interpolation

Sub-sampling Bits

output Bi-cubic
‘ Bi-cubie2 (hest)
Yariahle {0 be created [rofaledimage

rotatedimage not available

Status: unknawn

progress 0% |

Figure 4.4. Example image transformation dialog. Rotating an image using the "rotate" task. Several
inter polation options are available.

» Clamping: this alows the floor and ceiling of an image to be set. Values above the max or below

the min input by the user are set to the max and min values assigned by the user respectively.

» Cropping: asection of the image to be extracted to another Simplelmage. The range of X and Y

pixel coordinate values are input by the user.

» Rotating: when rotating the image, severa types of interpolation are possible. By default, bi-linear

interpolation is used. There are four types of interpolation possible.
¢ Bi-linear [default] -- the default - interpolates one pixel to the right and one below.
« Nearest neighbour [fast] -- direct pixel copying, the fastest.

« Bi-cubic -- uses interpolation via a piecewise bi-cubic polynomial.

Bi-cubic2 [slow] -- variant of bicubic interpolation that can give sharper results than bicubic.

» Scaling: alowsfor different magnificationin X and Y pixel directions. Possibleinterpolation types

are asfor the "rotate" task.

e Trandating: alows either X and Y pixel trandations or sky translations (coordinates input as

strings of the form "hh:mm:ss.s" and "dd:mm:ss.s") can be input by the user.

» Transposing: alows for different simple transpositions of images. The following transpositions

can be done with this task:
e Hip verticaly (flips top and bottom) and horizontaly (flips from side to side)
* Hip diagonally (bottom left to top right) and antidiagonally (top left to bottom right)

« Rotate 90, 180 and 270 degrees (clockwise)

Image arithmetics

Possible arithmetic tasks (available in the Applicable folder of the Task view when you select an

image) are the following:

» Absolute value (imageAbs). To obtain the absolute value image from the input.

» Add/Divide/Multiply/Subtract (imageAdd, imageDivide, imageMultiply, imageSubtract). This

allows either a scalar or a second image as the amount to be added/divided/multiplied/subtracted.
The second image can be input into the dialog by click-and-dragging of it from the "Variables'
view to the orange dot position in the dialog for the second image (see Figure 4.5) For images, the
combination is by pixels or WCS reference.
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» Exponent of theimage. Including to the power N and 10 (imageExp, imageExpN, imageExp10).

Log of theimage. Including base 10 or N (imagelL og, imagelL og10, imagel. ogN).

Image to the power n (imagePower).

» Image rounding (imageRound).

» Square and square root of the image (imageSquare, imageSart).

Most of the above are self-explanatory. One example is shown in Figure 4.5.

"B Editor % ==

qﬂ imageAdd X ‘& \mageCeM\Q! imageDivide \. imageExp \Q! imageHistogram \Q. imagePow 4 » ¥

15t addand & mylmage?

2nd addend Irnage ¥ [ ® =none specifieds

Reference Wes = |

I —

sum not available Wariable to he created

info

status:  unknown

progress: 1z

Figure 4.5. Exampleimage arithmetic dialog.

4.2.4. Working with the World Coordinates System
(WCS)

The WCS information for an image is stored in its metadata which can be viewed using the Dataset
viewer.

The Wcs class enables the user to define a transformation between the pixel coordinates and world
coordinates. The following illustrates how we can type in (at acommand-line) a WCS. We create our
Wecs() object which we then add to afake Si npl el mage we set up to start with.

i = Sinplel mge()
i . i mmge=RESHAPE( Doubl eld. r ange(200*300), [ 200, 300])
# create a fake i nage 200x300 pi xels in size

nyWs = Ws() # set up the Ws() object

nyWs. ctypel = -"LINEAR' # start adding things to it....
nyWs. cdeltl = 5

nyWs. crval 1 = 200

nyWs.cunitl = -"K"

nyWs.crpixl = 0

nmyWs. ctype2 = -"LI NEAR'

nyWs. cdelt2 = -.05

nyWs.crval2 = 2.0

nyWs.cunit2 = -"V

nyWs. crpix2 = 0

i.wes = nyWs # apply the set of WCS information to our inmage
print i.ws #to see the WCS of the image

Warning
O The above code will generate an image with the value 200 assigned to the NAXI S2
keyword and 300 assigned to NAXI S1. In other words, the image size will be 200 pixels
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4.2.5.

along the y axis and 300 pixels along the x axis. The coordinate values will be displayed
inthisorder (y, x) in the Image Viewer. For an explanation of why they size comes before
the x size, see section A note on array ordering in the User's Manual.

The above example will create a coordinate system, where the temperature and current are set for the
axes. Thex-axisisLINEAR (ctypel), hasthe central pixel in column O (crpix1), hasavalue of 200 in
the central pixel (crvall), uses steps of 5 (cdeltl) and has as unit Kelvin. The y-axisisaso LINEAR
(ctype?), has the central pixel in row O (crpix2, thisis the top of the image), has a value of 2 in the
central pixel (crval2), uses steps of 0.05 (cdelt2) and has as unit Volts.

It is also possible to use the Wcs class to define transformations between pixel coordinates and sky
coordinates. This can be done using the standard Wcs parameters. An exampleis given below. It al'so
indicates how we can "set" WCS valuesin our WCS abject :

wes2 = Ws() # @
wes2. set Crpi x1(128)

wcs2. set Crpi x2(128) # @
wes2. set Crval 1(101. 676612741936)

wes2. set Crval 2( 0. 829427624677429) # ©
wes?2. set Ctypel(" RA---TAN')

wcs2. set Ctype2("DEG--TAN') # O
wes2. set Radesys(" 1 CRS")

wes2. set Equi nox(2000.0) # ©

wes2. set Paraneter ("cdl_1", --1.9064468150235E-6, -"")
wes?2. set Paraneter ("cdl_2", 3.39797311269006E-4, -"")
wes?2. set Paraneter ("cd2_1", 3.39811958581193E-4, -"")

wcs2. set Paramet er ("cd2_2", 1.580446989748E-6, -"") #O

A Ws is created.

The central pixel is set. In this case, the central pixel isat (128, 128).

The value of the central pixel is set. In this case, thefirst central pixel islocated at 6h46'42.387"
and the second pixel at O degrees 49'45.94".

The type of the axesis set. The first axis defines the right ascension (in a gnomonic projection)
and the second axis defines the declination (in a gnomonic projection).

The coordinate system is set (here, we use the standard ICRS type). The equinox is also set.
Thelinear transformation matrix is set. This definesthe pixel size and the rotation of theimages.

e ©6 o000

For more information on the WCS see the Scripting and Data Mining guide: Section 2.13.

1D Profile Plotting

The 1D profile plotting capability allows the user to draw a straight line on an image and plot the
intensity along that straight line.

After double-clicking on the Variable "mylmage2" in the previous section the image was displayed
in an "Editor" window. The Applicable Tasks are also available including the task pr of i | e (see
Figure 4.6). A double-click on this item in the tasks list brings up another display of the image and
allows interaction with the mouse
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Figure 4.6. The available tasks show pr of i | e is available for " mylmage2" . Double-clicking on profile
after first highlighting mylmage2 in the Variableswindow createsa new display of theimagetogether with

theprofi | e tool capabilities. Accessing the pr of i | e task

Now we can start drawing the straight line on the active image. The beginning of the line can be
fixed by clicking once on the image. While moving the mouse over the active iamge, the straight line
will be updated, until the end of the straight line is fixed by clicking a second time on the image.
Simultaneously, the intensity plot along the straight line in an extension of the window below the
displayed image (see Figure 4.7). The window is scrollable so the whole profile display can be seen

by scrolling down (see Figure 4.8).
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Figure 4.8. Same asfor Figure 4.7 but scrolling down to show the profile display.
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4.2.6. Area Histogram

One can make a histogram of an image asawhole, or of acertain region of interest which is specified
by the user. Thisregion can be bounded by aCIRCLE, an ELLIPSE, aRECTANGLE or aPOLY GON,
which has to be drawn on the image, or can be for the whole image.

We start the procedure for making an area histogram by choosing one of the
i mageH st ogram pol ygonH stogram circleH stogram elli pseHi stogram
orrect angl eH st ogr amtasks.

First click on aSi npl el nage inthelist of Variables, e.g. "mylmage2". Then double-click one of
the histogram tasks in the Tasks view. This brings up a new image and activates the mouse so that an
image area can be selected. To cover an areawith acircle, ellipse or rectangle do aclick-and-drag. On
release, the area selected is shown overlaid on the image.

The histogram is constructed from the intensity values of the selected pixels and the input of the min
and max cut levels in the boxes provoided, plus the number of bins for the histogram. Hitting the
"Accept" button does several things.

» A histogram is formulated in the Editor window (scroll down).
» Theequivalent command lineis shown in the Console view which includes a named output object.

» The histogram values are placed in a dataset that appears in the Variables list. In Figure 4.9 this
iscalled "histogram2".

» Theoutput (e.g., "histogram?2") appears highlighted in the Variables view and appearsin the Outline
view. Double-clicking this output value in the Variables view provides the histogram together with
key information (see Figure 4.10).

For thepol ygonHi st ogr amthe only differenceisthat each corner isindicated by asingle mouse
click. The polygon area compl etion isindicated by amouse double-click. Otherwise, thisworksin the
same way as the other histogram tasks.
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Figure 4.10. Display of the histogram results held in the histogram output in an expanded Editor
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4.2.7. Aperture Photometry

One can also perform aperture photometry on animage, using acircular target aperture and an annular
or arectangular sky aperture. There are five algorithms that can be used to estimate the sky : average,
median, mean-median, the synthetic mode and daophot. In the mean-median method all values further
away from the median than a specified number of times the standard deviation (i.c. 1.5) are discarded
and the remaining values are averaged. The daophot method is atrangation of the algorithm used
in the aophot package from IDL to Java.

A sat to doing annular aperture photometry can be made by choosing the
annul ar SkyAper t ur ePhot onet ry item in the Tasks menu following selection of the
appropriate imagein the"Variables' menu. This providestheimagein the "Editor" view below which
isthe dialog for the aperture photometry task options. Thisis easiest seen by expanding the "Editor"
view window and scrolling down below the image.

There are three mechanisms by which the photometry area can be identified.
By click-and-drag mouse interactions.

* By pixel region selection.

» By sky coordinate selection.

The default is by mouse interaction. A single click on the image allows places acircle on the image at
the mouse point. The user then inputs avaluefor the object aperture radiusand inner and outer radii for
sky subtraction. A selection should be madefor the appropriatefitter (e.g. daophot) and pressing accept
leadsto an output in the variable "result”. The circular radii are shown on the image (see Figure 4.11).
Toredo -- pressthe "Clear" button.

A sky position or pixel position can also be selected. Selection of either of these possibilities enables
an update to the input screen alowing the sky/pixel valuesto beinput. For the sky position (at present)
the format of input is "02:00:39.4" for RA and "-22:27:20.6" for Dec. Note that the quotations are
necessary astheinput isastring. Thisislikely to be changed to allow variousinput typesin the future.

The results can be displayed by double-clicking on the "result” variable shown in the "Variables'
menu (see Figure 4.12)

L=JHIPE - Herschel Interactive Processing Environment -8
File Edit Run Window Help

i o m E2Q@
] Editor % [=&)

7 nifensapostcacned py @ leveliPipeine L@ hrsPipeline % whsFipeine ' ew-1 (@ UM_examples_checks py . myimages | ® annularSkyAperturePhotometry X (3 resutz

JQ_@@@W'*’— I 02:01:01.838,-22:24.17.56
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Figure4.11. Aperture photometry with an annular sky aperture asdisplayed in HIPE.
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Figure 4.12. Aperture photometry results plot and tables. Note that n.a. relates to " not applicable" and
typically will occur when units are not assigned to the image.Results of sky aperture measurement.

A similar capability isavailablefor using arectangular sky aperture. Rectangular aperture photometry
can be done by choosing ther ect angul ar SkyAper t ur ePhot onet r y itemin the Tasks menu
following selection of the appropriate image in the "Variables' menu. Similar to the above, asingle
mouse click can be used to identify the target or a sky or pixel position can be indicated by the user.
A rectangular sky aperture can then be selected by a click-and-drag across a region of the image (see
Figure 4.13). Following the calculation for the first position, the same rectangular box can be used for
the sky and a further single click on the image picks out a new object. Hitting the "Accept" button
allows another result for this new position.
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Figure 4.13. Aperture photometry with an annular sky aperture asdisplayed in HIPE.

The resultsfor both aperture photometry tasks provide the curve of growth. Thisisaplot of the target
flux as afunction of the target radius. Such a plot can be used to see whether avalid target radius has
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been given. When an annular aperture is used to estimate the sky, a sky intensity plot is aso shown.

This plot shows the intensity per sky pixel as a function of a varying inner radius (the outer radius
isfixed).

4.2.8. How to run the source extractor in HIPE

4.2.8.1. Introduction to source extraction in HIPE

HIPE includes a source extractor ("sourceExtractor"), designed primarily for use on PACS and
SPIRE maps. It currently features implementations of the DAOPHOT (classic) and SUSSEXtractor
algorithms for extraction of point sources with a known profile. This chapter explains how to use

the source extractor; advanced usage is described in the User's Reference Manua entry for the
SourceExtractorTask.

4.2.8.2. Extracting sources from a Simplelmage

The example image used in this section is a simulation of a SPIRE 250 micron image of a grid
of sources. This is imported into HIPE, where it appears as a Simple Image. In the Work Bench

perspective, inthe Tasks view, under "Applicable”, "sourceExtractor” appears as one of the applicable
tasks for a Simplelmage. Thisis shownin Figure 16.13.

800 HIPE - Herschel Interactive Processing Environment
File Edit Run Window Help
=3
] Editor x [=o] 22 variables x T
& spire250 x

Image Viewer: @ spire250

@%”@QJ[EIHQB\ 0.92 |$\| 150, 213 ‘0.017324 |:45:12.?5?,+59:01:02.93

El Console x

(<o

HIPE>
HIPE>
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s
€

| | T 109 of 4091 MB .

Figure 4.14. The Work Bench perspective, showing the example image, with " sourceExtractor"
highlighted in thelist of applicabletasks.

Experienced users are likely to use the sourceExtractor task as part of a Jython script. However, the
easiest way to learn how to use the task isthrough the graphical user interface (GUI). Double-clicking

on the "sourceExtractor” in the applicable tasks list will open the GUI for the source extractor. This
isshown in Figure 16.14.
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| Editor % [(2E

O sourceExtractor X
Input
image* : spire250
detThreshold* : = | |
fwhm* : = | |
prf : @ <No variables
pixelRegion* : = |2.5 |
algorithm : ] |sussextractor |
cornerlRa : = | |
cornerlDec : = | |
cornerZRa : = | |
corner2Dec : = | |
inputSourceList : @ <Novariable>
fluxPriorsLambda : = |1.0 |
fitBackground : =
subtractMedianBackground : =
returnPixelCoordinates : =
useSignalToNoise : =
Output
Variable name for sourcelList: | sourceList
Variable name for filteredMap: filteredMap
Info

unknown
status:
progress: 0%
{ Clear ) ( Accept )

Figure 4.15. The GUI for the sourceExtractor task, displaying the default values of the parameters. If the
task islaunched from thelist of applicable tasks for a Simplel mage, that Simplel mage will appear asthe
"Image" parameter of thetask, asin the Figure. Otherwise, a Simplel mage may be dragged and dropped
from the Variables view.

In order to launch the task, the mandatory parameters must be filled in. These are marked with an
asterisk (*) in the GUI. If the mouse pointer is placed over the name of a task parameter, a box
will appear giving information about that parameter. In this example, the parameters till to be filled
in are the detection threshold ("detThreshold") and the full-width-half-maximum (FWHM) of the
(Gaussian) point response function ("fwhm"). In this example, these are set to be 5.0 for the detection
threshold (corresponding to a 5-sigma detection) and to 18.0 arcsec for the FWHM, corresponding
to the approximate size of the SPIRE beam for the PSW array. Clicking "Accept" launches the task.
The status and progress may be followed in the task GUI. Long-running tasks may be interrupted
by selecting "Stop" from the "Run" menu. Figure 16.15 shows the task GUI once the task has been
compl eted.
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Figure4.16. AsFigure16.14, but for the completed sour ce extraction task.

Thetask GUI isessentially aconvenient method of created a Jython command to executethetask. Once
the task has been completed, the Console view displays the Jython commands executed to perform
the sourceExtractor task. This shown in Figure 16.16.

El Console x

HIPE>
HIPE>
HIPE>
HIPE>
HIPE>

HIPE> sourcelist =
sourceExtractor (image=spire250,detThreshold=5.0,fwhm=18.0,pixelRegion=2.5,algorithm=
"sussextractor"”,fluxPriorsLambda=1.0)
HIPE> filteredMap = sourceExtractor.filteredMap
rY
v

e

Figure 4.17. The Console view after the sour ceExtractor task has been launched from thetask GUI.

In order to repeat the source extraction as part of a Jython script, the user need simply copy these
commands into the script, rather than entering parameters manually into the GUI. Two commands
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were executed by the task. (1) The first created the primary output, a SourcelListProduct, given the
name "sourceList". Thiswill appear in the Variablesview. Double- clicking on "sourceList" opensthe
SourceListProduct in the Product Viewer. Thisisshownin Figure 16.17, with the Dataset highlighted.
The Dataset in a SourceListProduct is a " SourcelListDataset”, which isakind of TableDataset.
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Figure 4.18. The Sour ceListProduct shown in the Product Viewer, with the dataset highlighted.

(2) The second command obtains an optional output from the sourceExtractor task, the "filteredMap",
which is another Simplelmage. For the SUSSEXtractor algorithm, this is equal to the input map
convolved with the point response function, such that the value at each pixel gives an estimate of
the flux of a source, in mJy, assuming there is a source located at the centre of that pixel. For the
DAOPHOT agorithm, the filteredMap gives the input map convolved with the DAOPHOT kernel.
This may be viewed by double-clicking on "filteredMap" in the Variables view.

4.2.8.3. Displaying extracted sources on an image

Having extracted the sources in an image, the user islikely to want to see where the extracted sources
lieintheimage. Thiscan easily be doneby displaying the original Simplelmageinthe Editor view, and
then dragging and dropping the SourceL istProduct from the Variables view onto the displayed image.
A circleisnow overlaid at the location of each source. The result of thisis shown in Figure 16.18.
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Figure 4.19. Theoriginal image with the locations of the extracted sourcesoverlaid ascircles.

4.2.8.4. Specifying positions of known sources

Often the user will be interested in the fluxes of sources at known positions, e.g., from previous
observations made at mid-infrared wavelengths. If these sources are contained in a SourcelL istProduct,
this can be used as an input to the sourceExtractor task to specify the positions of sources. The task
will then give the fluxes of sources at those positions. This is shown in Figure 16.19, where the
known sources are provided by another SourcelListProduct, "knownSourceList". Thisis specified as
the "inputSourceList" parameter for the task.
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Figure 4.20. The sour ceExtractor task GUI, with " knownSourceList" specified asthe " inputSourcelList"
parameter.

4.2.8.5. Specifying a custom point response function

By default, the sourceExtractor task assumes a Gaussian point response function (PRF), with full-
width-half-maximum (in arcsec) provided by the "fwhm" parameter. Alternatively, acustom PRF may
be specified by the "prf" parameter. This should be a Simplelmage of odd dimension, with the peak
at the centre, normalised such that the PRF image gives the (central pixels) of a point source of flux
1 Jy, in the units of the input map.

4.2.8.6. Working with source lists in ASCII files

One may wish to work with external ASCII files, either to export Herschel source lists, or to
import other source lists, either to provide known positions for the HIPE source extractor, or for
use in other analyses. This may easily be done using the asciiTableWriter and ascii TableReader
tasks. To save a Herschel source list as an ASCII file, first the SourcelistDataset must be retrieved
from the SourcelistProduct. A SourcelistDataset is a kind of TableDataset, and consequently the
ascii TableWriter will appear in the applicable taskslist. Thisis shown in Figure 16.20.
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Figure4.21. Exportinga SourcelL istProduct asan ASCI | file. First, the Sour ceL istDataset isretrieved using
thecommand " sour cel istDataset = sour cel ist.getDefault” . Then " sour ceL istDataset” ishighlighted inthe
Variablesview. In the Tasksview, " asciiTableWriter" now appearsasan applicabletask. Double-clicking
thisopensthe GUI for the asciiTableWriter, asshown in the Figure.

To import an ASCII file as a SourceListProduct, first the ascii TableReader should be launched. This
isshown in Figure 16.21, for asource list contained in "sourcelist.txt".

This creates a TableDataset, "table”. This may be converted into a SourcelistProduct called
"importedSourcelist" using the command "importedSourceList = SourceListProduct(table)”. It is
important to note that the column names in the imported source list must match the default column
namesinaSourcelistDataset ("ra", "dec”, "flux”, etc.), although whether these names are upper, lower
or mixed case does not matter.
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Figure4.22. TheasciiTableReader task for importing sourcelist.txt.

4.2.8.7. Working with source lists in FITS files A
SourcelListProduct may be exported or imported as a FITS file.

This may be useful for working with applications such at TOPCAT. To export a SourceL istProduct
as a FITS file, simply select the name of the SourcelListProduct in the Variables view, and the
"simpleFitsWriter" task should appear in the list of applicable tasks. To import a FITS file as a
Sourcel istProduct, simple select "Open" from the "File" menu, and select the FITSfile. Thislaunches
the simpleFitsReader, and the FITS file will be imported as a Herschel Product. If the FITS file
contained an exported Herschel SourcelistProduct, then the imported Product will be of this type.
Otherwise, the imported Product will be a generic Product, with the source list contained in a Dataset.
For example, if the Dataset has the name "HDU_1", then a Sourcel istProduct may be created using
the command

HI PE> i nport edSour ceLi st = Sour celLi st Product (sourceLi st["HDU 1"])

Thisis shown in Figure 16.22.
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Figure4.23. TheasciiTableReader task for importing sourcelList.txt.

Contour Plotting

Another functionality of thetoolbox iscontour plotting. A contour plot connectsall pointsin theimage
with the same intensity, like isobars on a weather map.

First we create the contours. We then, later, overlay these contours on any image we wish.

There are two methods for providing a set of contours for display. The first is an
aut omat i cCont our where the number of contour levels and a min and max contour level are
selected and the intermediate levels are generated automatically with linear, In or log intervals of
intensity. The second isamanual Cont our where the values of each contour level areindividually
put in by the user.

In either case we, as usual, start by clicking the name of the image we want to be countoured from
the "Variables' list. Then we choose either aut omat i cCont our or manual Cont our by double-
clicking these itemsin the "Tasks" list (see Figure 4.24for example€).
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Figure4.24. Dialog for aut omat i cCont our .

In either case, we create an output (editable value for user), e.g. "contours'. When hitting the " Accept"
button thisis the variable that will store the contour results.

4.3. In depth

A large set of functionaities is available on the command line in HIPE and most of them
are aso available in a GUI-driven environment. In the past, this environment used to be the
| mageAnal ysi sTool box, but now we're making efforts to integrate everything into HIPE. Thus,
in this section, you will find how you can do everything, as integrated into HIPE (if available). Here
isalist with all available functionalities:

1

2.

8.
9.
10.Scaling

11.Trandlating

12.Transposing

Profile plotting

Aperture photometry

. Contour plotting

. Clamping/clipping

13.Flagging saturated pixels

14.Getting the cut levels

15.Image arithmetics

In the following subsections, we will elaborate on al of these functionalities.
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4.3.1. Profile Plotting

Prof i | eTask alows you to determine the intensity of the pixels along a straight line on a given
| mage. This can be convenient to see whether thereisagradient in intensity in your image. Y ou can
do this on the command line in HIPE, or viaa HIPE-integrated GUI.

On the command line

The only input parameters are

» theimage (I mage i mage)

« the begin and end of the straight line either in pixel (Doubl es begi nX, begi nY, endX and
endY) or in sky coordinates (St r i ngs begi nRA, begi nDec, endRA and endDec)

To make aprofile plot, smply type

profilePixel = profile(inmge = nyl mage2, begi nX = 236.0, beginY = 378.0, \
endX = 557.0, endY = 232.0)
profileSky = profile(imge = nyl mage2, begi nRA = -"02: 00: 15. 119", \
begi nDec = -"-22:24:07.16", endRA = -"02:00: 38. 462", endDec = -"-22:26:34.08")

Both output products (pr of i | ePi xel and pr of i | eSky) will appear in the Variables view in
HIPE.

Viathe HI PE-integrated GUI

If you select myl mage2 from the Variables view and then click on profile in the Tasks view, atask
dialog opens in the Editor in HIPE. In the upper part, the | mage (myl mage?2) is shown. Here you
must click afirst time to fix the begin of the straight line. As you move the mouse over the image,
you will see astraight line being updated, as well as the corresponding profile plot in the lower part of
the task dialog. If you click a second time on the image, the straight lineis fixed, and a new variable
pr of i | e appearsin the Variables view and the corresponding command is echoed to the Console.

When you press the clear button, the straight line will be removed from the image and the intensity
plot in the lower part of the task dialog will be cleared.

You can also drag the straight line across the image and manipulate it from the moment you have
fixed it (by clicking a second time). You will see that the profile plot in the lower part of the task
dialog will be updated. To get the adapted output product in the Variables view however, you must
press the Accept button again. If you hit this button accidentaly, before finishing drawing the straight
line, a popup window will appear to warn you about this. If you click OK, you can continue drawing
the straight line.
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HIPE> -
]

.
Figure 4.25. Using the profiletask on an image.
I nspecting the result

The resulting product, pr of i | e, can be inspected by double-clicking on it in the Variables view.
An explorer will be opened in the Editor, showing a table with the parameters (begin and end of the
straight line in pixel and - if available - sky coordinates) and an intensity plot of the pixels aong the
corresponding straight line. The data in this product can also be inspected on the command line:

# Returns a Doubl eld with the pixel coordinates of begin and
# end of the straight line

profil e. get Begi nPi xel Coordi nat es()

profil e. get EndSPi xel Coor di nat es()

# Returns a Stringld with the sky coordi nates of begin and
# end of the straight line

profil e. get Begi nSkyCoor di nat es()

profil e. get EndSkyCoor di nat es()

# Returns the intensity plot as a Doubl eld
profile.getProfile()

# Returns the unit of the intensity
profile.getlntensity()

Thisiswhat the profile explorer lookslike :
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4.3.2.
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Figure 4.26. Profile explorer appearance.

Aperture Photometry

Another kind of analysis you might want to do on an | mage is aperture photometry. This can be done
in several ways:

» with acircular target aperture and an annular or arectangular sky aperture
» with acircular target aperture and afixed value for the sky intensity

In all cases, you can perform the cal culations on the command line in HIPE or via a HI PE-integrated
GULI.

4.3.2.1. Aperture Photometry with a circular Target Aperture and
an annular Sky Aperture

If you want to do aperture photometry for a circular target, you can choose to estimate the
sky using an annular sky aperture, centered around the target. This can be done using the
Annul ar SkyAper t ur ePhot onet r yTask.

On thecommand line

Theinput parameters you need are :

» theimage (I mage i mage)

 the target center either in pixel (Doubl es center X and centerY) or sky coordinates
(Strings centerRAandcent er Dec)

e the target radius either in pixels (Doubl e radi usPi xel s) or in arcsec (Doubl e
radi usArcsec)

 theinner and outer radii of the annular sky aperture either in pixels (Doubl es i nner Pi xel s
and out er Pi xel s) or arcsec (Doubl es i nner Ar csec and out er Arcsec)

« thekind of pixels (entire/fractional) used (Bool eanfracti onal (optional - per default: Tr ue))
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* the sky estimation algorithm (I nt eger al gori t hm

To perform aperture photometry, just type

# The target center specified in pixel coordinates, the radii in pixels

# and using fractional pixels

phot Pi xel s = annul ar SkyApert ur ePhot onetry(i mage = nyl nage2, centerX = 430.0, \
centerY = 467.0, radiusPixels = 5.0, innerPixels = 20.0, outerPixels = 40.0, \
fractional = 1, algorithm= 4)

# The target center specified in sky coordinates, the radii in arcsec
# and using entire pixels
phot Sky = annul ar SkyAper t ur ePhot onetry(i nage = nyl nage2, \

centerRA = -"02: 00: 29. 214", centerDec = -"-22:33:37.32", radiusArcsec = 5.04, \
inner Arcsec = 20.16, outerArcsec = 40.32, fractional = 0, algorithm= 4)

Note
@ You can only specify distances in arcsec (here r adi usArcsec, i nner Arcsec

and outerArcsec, if the pixe scaling is the same in both directions
(mylmage2.getCdelt1() = mylmage2.getCdelt2()). Moreover, the | nage must have a
valid Ws.

Note
@ All distances must be specified in the same unit, so either pixels or arcsec.

Y ou have the possibility to choose between five sky estimation algorithms : average, median, mean-
median, synthetic mode and the algorithm used by Daophot. Here is how you can choose between
these options on the command line :

# Using the average sky estimation algoritm

phot Aver age = annul ar SkyApert urePhot onetry(i nage = nyl mage2, centerX = 430.0, \
centerY = 467.0, radiusPixels = 5.0, innerPixels = 20.0, outerPixels = 40.0, \
al gorithm = 0)

# Using the nedian sky estinmation algorithm

phot Medi an = annul ar SkyAper t ur ePhot onetry(i mage = nyl nage2, centerX = 430.0, \
centerY = 467.1, radiusPixels = 5.0, innerPixels = 20.0, outerPixels = 40.0, \
al gorithm = 1)

# Using the nean-nedi an sky estinmation al gorithm

phot MeanMedi an = annul ar SkyAper t ur ePhot onetry(i mage = nyl nage2, centerX = 430.0,\
centerY = 467.0, radiusPixels = 5.0, innerPixels = 20.0, \
outerPi xels = 40.0, algorithm= 2)

# Using the synthetic nbde sky estimation algorithm

phot Synt heti cMbde = annul ar SkyApert ur ePhot onetry(i nage = nyl mage2, \
centerX = 430.0, centerY = 467.0, radiusPixels = 5.0, innerPixels = 20.0, \
outerPixels = 40.0, algorithm= 3)

# Using the Daophot sky estimation algorithm

phot Daophot = annul ar SkyApert urePhot onetry(i nage = nyl mage2, centerX = 430.0, \
centerY = 467.0, radiusPixels = 5.0, innerPixels = 20.0, outerPixels = 40.0, \
al gorithm = 4)

All these output products will appear in the Variables view in HIPE.
Viathe HIPE-integrated GUI

If you select myl mage2 from the Variables view and then click on annular SkyAperturePhotometry
in the Tasks view, a task dialog opens in the Editor in HIPE. In the upper part you see the image on
which you can mark the target center, if the Coordinates combo box is set to Mouse interaction. If you
click on the | mage, acircle (with aradius of five pixels) will indicate where you have marked the

129



Image analysis

target. Y ou can drag thiscircle over theimageif you want it to be elsewhere. If you set this combo box
to Pixel coordinates or Ky coordinates, you must specify the appropriate coordinates in the foreseen
fields that will appear.

The next thing you should do, is specifying the target radius and the inner and outer radius of the
annular sky aperture in the Apertures part of the task dialog. But first you must indicate - using the
Radius combo box - which unit you're going to use (pixels or arcsec).

In the Sky estimation part of the task dialog you can choose either to use fractional or entire pixelsto
do the calculations, and indicate which sky estimation algorithm you want to use.

If you are happy with all filled out parameters, you must press the Accept button in order to start
the calculations. If something goes wrong, you are warned with an appropriate error message. For
example, if you chooseto mark thetarget center viamouseinteraction but forget to click ontheimage,
a popup window will appear.

At this point the apertures will be drawn on the image, the result will appear in the Variablesview and
the corresponding command will be echoed to the Console.

Clicking the Clear button will make the apertures disappear from the | mage.

L3 HIPE - Herschel Interactive Processing Environment =
File Edit Run Window Help

02:00:59.522, -22:23:07.05

kxels | Fractional pixels ~|

Agoritim [Dasprot <]

5 Console x (=a
HIPE> profile4 = profile(image=myImage2,beginX=288.0,beginY=229.0,endX=483.0,endY=290.0) |~
HIPE> del(profilel)

HIPE> del(profile2)

HIPE> del(profile3)

HIPE> del(profiles)

HIPE> result =

annularskyAperturePhotometry (image=myImage2,centerX=430.0,centerY=467.0,radiusPixels=5.0,
nnerPixels=20.0,outerPixels=40.0, fractional=1,algori thm=4)

HIPE> -
] | » |

.
Figure 4.27. Sky aperture photometry task.
I nspecting the result
The resulting product, phot , can be inspected by double-clicking on it in the Variables view. An
explorer will be opened in the Editor, showing a table with all parameters, and a results table with
all calculated values (total flux, number of pixels, intensity per pixel and error on the flux for the sky
and the target, with and without the sky). Thisis the normal output, all other software packagesyield
for aperture photometry.
Besides that, you also have two plots as output :

» acurve of growth

» asky intensity plot
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The curve of growth shows the target flux (without the sky) for avarying target radius, while the sky
intensity remains the same. The sky intensity plot shows how the calculated sky intensity changes
if the outer radius is fixed and the inner radius varies. Both plots can be used as diagnostics to see
whether you have chosen decent values for the radii.

Y ou can also inspect this output product on the command line :

# Returns target center in pixel (as Doubl eld) and sky coordinates (as Stringld)
phot . get Tar get Cent er Pi xel Coor di nat es()
phot . get Tar get Cent er SkyCoor di nat es()

# Returns the radii in pixels as Doubl es
phot . get Tar get Radi usPi xel s()

phot . get | nner Radi usPi xel s()

phot . get Qut er Radi usPi xel s()

# Returns the radii in arcsec as Doubl es
phot . get Tar get Radi usAr csec()

phot . get | nner Radi usAr csec()

phot . get Qut er Radi usAr csec()

# Returns the sky estimation algorithm
phot . get Al gori t hm()

# Returns the kind of pixels used as a String
phot . get Pi xel s()

# Returns the results table as a Tabl eDat aset and as a Doubl e2d
phot . get Tabl e()
phot . get Doubl e2dTabl e()

# Returns the total flux (Doubl eld), nunber of pixels (Double),

# intensity per pixel (Double) and error on the flux (Double) for the target,
# including the sky

phot . get Tar get Pl usSkyTot al ()

phot . get Tar get Pl uxSkyPi xel s()

phot . get | nt ensi t yPer Tar get Pl usSkyPi xel ()

# To return the same for the sky and the target w thout the sky, sinply replace
# -"Target Pl usSky" with -"Sky" or -"Target"

# Returns the curve of growth as a Tabl eDataset and the correspondi ng radi us
# and flux as Doubl elds

phot . get Cur veOf Growt h()

phot . get G owt hRadi us()

phot . get G owt hFl ux()

# Returns the sky intensity plot as a Tabl eDataset and the correspondi ng radi us
# and intensity as Doubl elds

phot . get Skyl nt ensi t yPl ot ()

phot . get Skyl nt ensi t yRadi us()

phot . get Skyl ntensity()

Thisis how the explorer looks like :
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HIPE> del(profile2)
HIPE> del(profile3)
HIPE> del(profiled)
HIPE> result =

annularsSkyAperturePhotometry (image=myImage2,centerX=430.0,centerY=467.0,radiusPixels=5.0,innerPixels=20.0,z
uterPixels=40.0, fractional=1,algori thm=4)

.
Figure 4.28. Annular sky aperture measurement.
4.3.2.2. Aperture Photometry with a circular Target Aperture and a
rectangular Sky Aperture

The immediate neighbourhood of the target is not always the best location to estimate the sky. Then
you better take a rectangular region a bit further away from the target. This can be done with the
Rect angul ar SkyAper t ur ePhot onet r yTask.

On thecommand line
Theinput parameters are :
» theimage (I mage i mage)

 the target center either in pixel (Doubl es center X and centerY) or sky coordinates
(Strings center RAandcent er Dec)

e the target radius either in pixels (Doubl e radi usPixels) or arcsec (Doubl e
radi usArcsec)

« the position of the corner of the rectangle with minimal row and column, either in pixel (Doubl es
m nXand m nY) or in sky coordinates (St ri ngs m nRAand m nDec

« thedimensions of therectangle either in pixels (Doubl es wi dt hPi xel s andhei ght Pi xel s)
or arcsec (Doubl es wi dt hAr csec and hei ght Arcsec)

« thekind of pixels (entire/fractional) used (Bool eanfracti onal (optional - per default: Tr ue))
* the sky estimation algorithm (I nt eger al gori t hm

To perform aperture photometry, just type

# The target center is specified in pixel coordinates, the target radius in pixels
phot Pi xel = rectangul ar SkyApert urePhot onetry(i mage = nyl nage2, centerX = 501.0,\

centerY = 266.0, radiusPixels = 5.0, mnX = 553.0, mnY = 132.0, \
wi dt hPi xel s = 120. 0, heightPixels = 47.0, algorithm= 4)

# The target center is specified in sky coordinates, the target radius in arcsec
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phot Sky = rectangul ar SkyApert ur ePhot onetry(i nage = nyl nages2, \

centerRA = -"02: 00: 34. 388", centerDec = -"-22:25:59.87", radiusArcsec = 5.04, \
m nRA = -"02:00:38.179", minDec = -"-22:28:14.89", w dthArcsec = 120.96, \

hei ght Arcsec = 47.376)

Note

S The same remarks hold asfor Annul ar SkyApert ur ePhot onet r yTask.
Note

S The target center and the corner of the rectangle with minimal row and column must be
specified in the same coordinates (pixel/sky).
Note

S Choosing the kind of pixels and the sky estimation algorithm can be done as for the

Annul ar SkyAper t ur ePhot onet r yTask.
All these output products will appear in the Variables view in HIPE.
Viathe HI PE-integrated GUI

You can do the cdculations via a HIPE-integrated GUI, just like for the
Annul ar SkyApert ur ePhot omet ryTask (select rectangularSkyAperture instead  of
annular SkyAperture in the Tasks view). Specifying the target center, the target radius, the kind of
pixels and the sky estimation algorithm is done exactly the same way. To draw the rectangle on the
| mage, just pressthe mouse, drag it acrossthe | mage and releaseit when it satisfiesyou. Afterwards
you can move or manipulate this rectangle.

Starting the calculations and clearing the image is done as for the
Annul ar SkyApert ur ePhot orret r yTask.

L3 HIPE - Herschel Interactive Processing Environment <
File Edit Run Window Help
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HIPE> del(profiled)

HIPE> result =

iannularskyAperturePhotometry (image=myImage2,centerX=430.0,centerY=467.0, radiusPixels=5.0,innerPixels=20.0,out
lerPixels=40.0,fractional=1,algori thm=4)

HIPE> resultl =

rectangularSkyAperturePhotometry (image=myImage2,centerX=501.0,centerY=266.0,minX=553.0,minY=132.0,widthPixels
=120.0,heightPixels=47.0, radiusPixels=5.0, fractional=1,algori thm=4)

HIPE> ~

.
Figure 4.29. Rectangular aperture photometry task.
I nspecting the result

The resulting product, phot , can be inspected by double-clicking on it in the Variables view.
An explorer will be opened with great resemblance to the explorer for the result of the
Annul ar SkyAper t ur ePhot orret r yTask. Only the sky intensity plot is missing, of course.
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To inspect this output product via the command line, you can use the same commands as for the
Annul ar SkyAper t ur ePhot orret r yTask, except for thosereferring to theannular sky aperture.
To obtain information about the rectangular sky aperture, you can use these commands :

# Returns the dinensions of the rectangle in pixels
phot . get W dt hPi xel s()
phot . get Hei ght Pi xel s()

# Returns the dinensions of the rectangle in arcsec
phot . get W dt hAr csec()
phot . get Hei ght Arcsec()

# Returns the corner of the rectangle with mninal row and
# colum in pixel and sky coordi nates

phot . get Upper Lef t Cor ner Pi xel Coor di nat es()

phot . get Upper Lef t Cor ner SkyCoor di nat es()

Thisiswhat the explorer looks like :
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Figure 4.30. Results of using the rectangular sky aperture photometry task.

4.3.2.3. Aperture Photometry with a circular Target Aperture and a
fixed Sky Value

Sometimes you might have already determined a good value for the sky, so you want to use that. This
can be done with the Fi xedSkyAper t ur ePhot onet r yTask.

On thecommand line
Theinput parameters are :

theimage (I rage i mage)

« the target center in pixel (Doubl es cent er X and cent er Y) or sky coordinates (St ri ngs
cent er RAand cent er Dec)

* thetarget radiusin pixels (Doubl e r adi usPi xel s) or arcsec (Doubl e r adi usAr csec)

* the sky intensity value (Doubl e sky)

134



Image analysis

« thekind of pixels (entire/fractional) used (Bool eanfracti onal (optiona - per default: Tr ue))

To perform aperture photometry, just type

# The target center is specified in pixel coordinates, the target
# radius in pixels

phot Pi xel s = fi xedSkyAperturePhotonetry(i mage = nyl nage2, centerX = 499.0, \
centerY = 566.0, radiusPixels = 5.0, sky = 48.0)

# The target center is specified in sky coordinates, the target radius in arcsec
phot Sky = fixedSkyAperturePhotonetry(i mage = nyl mage2, centerRA = -"02: 00: 34. 242"\
centerDec = -"-22:25:59.87", radi usArcsec 5.04, sky = 48.0)

Note
@ Thetarget radius can only be specified if thel mage hasavalid W s and the pixel scaling
isthe same in both directions.

In the HIPE-integrated GUI

Also for this task, a HIPE-integrated GUI can be used to do the calculations. Simply select
fixedSkyAperturePhotometry in the Tasks view. In the task dialog that will open in the Editor, you can
specify the target center and target radius just like for the other aperture photometry tasks. Finaly,

you also need to enter the value you wish to use for the sky intensity. This is to be specified in the
same unit as the one for the | nage.

When pressing the Accept button, the cal culationswill be done : the result will appear in the Variables
view and the corresponding command will be echoed to the Console.

L3 HIPE - Herschel Interactive Processing Environment
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HIPE> photSky = fixedSkyAperturePhotometry(image = myImage2, centerRA = "02:00:34.242",
centerDec = "-22:25:59.87", radiusArcsec = 5.04, sky = 48.0)

HIPE>
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Figure 4.31. Fixed sky aperture photometry task.

I nspecting the result

The resulting product, phot , can be explored by double clicking on it in the Variables view. The

explorer that will be opened in the Editor looks again very similar to the ones for the other aperture
photometry products, as you can see here:
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4.3.3.
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fimportImage(image = myImage2, filename = "/lhome/sara/testimages/ngc6992.jpg")

HIPE> result = fixedSkyAperturePhotometry (image={description="ngc6992.jpg", meta=[type,
creator, creationDate, description, instrument, modelName, startDate, endDate,
)avelength], datasets=[image],

history=None},centerX=501.0,centerY=267.0, radiusPixels=5.0,sky=48.0)

SyntaxError: ('invalid syntax', ('<string>', 1, 55, 'result =

Fi xedSkyAperturePhotometry (image={description="ngc6992.jpg", meta=[type, creator,
creationDate, description, instrument, modelName, startDate, endDate, wavelength],
datasets=[image],

bhistory=None},centerX=501.0,centerY=267.0, radiusPixels=5.0,sky=48.0)"'))

HIPE> importImage(image=myImage2,filename="/1home/sara/testimages/ngc6992.jpg")

HIPE> result =

ifi xedSkyAperturePhotometry (image=myImage2,centerX=499.0,centerY=266.0, radiusPixels=5.0,s

ky=48.0)

HIPE> photSky = fixedSkyAperturePhotometry(image = myImage2, centerRA = "02:00:34.242",
centerDec = "-22:25:59.87", radiusArcsec = 5.04, sky = 48.0)

HIPE> -
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Figure 4.32. Results of using the fixed sky aperture photometry task.

You can also inspect phot viathe command line. Y ou can use the same commands as for the other
aperture photometry tasks, except for those referring to the sky aperture. To obtain the sky intensity
value, type

phot . get SkyVal ue()
phot . get | nt ensi t yPer SkyPi xel ()

Histograms

Severa tasks have been written to make a histogram of an | mage, or of aregion you are interested
in. Such aregion of interest can be bounded by acircle, an ellipse, arectangle or a polygon.

On the command line

For all these tasks, the following input parameters must be specified :

« theimage (I mage i mage)

« thecut levels (Doubl es | owCut and hi ghCut)

« the number of bins (I nt eger bi ns)

For the tasks with aregion of interest, the appropriate parameters must be specified :
» bounded by acircle:

* the center of the circle in pixel (Doubl es center X and cent erY) or sky coordinates
(Strings cent er RAand cent er Dec)

« the radius of the circle in pixels (Doubl e radi usPi xels) or arcsec (Doubl e
radi usArcsec)

» bounded by an ellipse:

« the center of the ellipse in pixel (Doubl es cent er X and cent er Y) or sky coordinates
(Strings center RAandcent er Dec)
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« the dimensions of the ellipse in pixels (Doubl es wi dt hPi xel s and hei ght Pi xel s) or
arcsec (Doubl es wi dt hAr csec and hei ght Ar csec)

» bounded by arectangle:

« the position of the corner of the rectangle with the minimal row and columnin pixel (Doubl es
m nXand ni nY) or sky coordinates (St r i ngs m nRA and m nDec)

« the dimensions of the rectangle in pixels (Doubl es wi dt hPi xel s and hei ght Pi xel s) or
arcsec (Doubl es wi dt hAr csec and hei ght Ar csec)

* bounded by a polygon :

« the vertices of the polygon in pixel (Doubl eld edgesPi xel , storedasx1,y1,x2,y2,...)or
sky coordinates (St ri ngld edgesSky, stored as RA1, Dec1, RA2, Dec?2,...)

To make a histogram, just type

# Maki ng a hi stogram of an inage
i mgeH st ogram = i nageH st ogran(i mage = nyl nage2, lowCut = 0.0, \
hi ghCut = 255.0, bins = 10)

# Maki ng a hi stogram of a regi on bounded by a circle
circl eH stogranPi xel = circleH stogran(i mage = nyl mage2, centerX = 417.5, \
centerY = 240.0, radiusPixels = 217.6, lowCut = 9.0, highCut = 255.0, bins = 10)
circl eH stograntky = circl eH stogran(i mage = nyl nage2, centerRA = -"02: 00: 28. 319", \
centerDec = -"-22:26:26.15", radi usArcsec 219.3, lowCut = 9.0, \
hi ghCut = 255.0, bins = 10)

# Maki ng a hi stogram of a regi on bounded by an ellipse

el l'i pseHi st ogranPi xel = ellipseH stogram(i mage = nyl mage2, centerX = 360.0, \
centerY = 237.0, widthPixels = 642.0, heightPixels = 229.1, lowCut = 9.0, \
hi ghCut = 255.0, bins = 10)

el |'i pseHi stograntsky = el | i pseH stogran(i mage = nyl mage2, centerRA

= -"02:00: 24. 138", \

centerDec = -"-22:26:29.22", wi dthArcsec = 647.136, heightArcsec = 230.9, \
lowCut = 9.0, highCut = 255.0, bins = 10)

# Maki ng a hi stogram of a regi on bounded by a rectangle

rect angl eHi st ogranPi xel = rectangl eH stogran(i mage = nylmage2, mnX = 211.0, \
mnY = 127.0, w dthPixels = 471.0, heightPixels = 175.0, lowCut = 9.0, \
hi ghCut = 255.0, bins = 10)

rect angl eHi st ograntSky = rectangl eHi st ogram(i mage = nyl mage2, mi nRA

= -"02:00: 13. 308", \
m nDec = -"-22:28:20.17", heightArcsec = 474.8, wi dthArcsec = 176.4, \

lowCut = 9.0, highCut = 255.0, bins = 10)

# Maki ng a hi stogram of a regi on bounded by a pol ygon

pyEdgesPi xel = Doubl eld([133.0, 206.0, 247.0, 333.0, 620.0, 233.0, 487.0, 112.01])
pol ygonHi st ogr anPi xel = pol ygonH st ogran(i mage = nyl mage2, \

edgesPi xel = pyEdgesPi xel, lowCut = 9.0, highCut = 255.0, bins = 10)

pyEdgesSky = Stringld([])

pol ygonHi st ogr anSky = pol ygonHi st ogran(i mage = nyl nage2, \

edgesSky = pyEdgesSky, lowCut = 9.0, highCut = 255.0, bins = 10)

Note

g For each task, all dimensions must be specified in the same unit.
Note

S The dimensions can only be specified in arcsec if thel nage hasavalid W s and the pixel
scaling is the samein both directions.

In the HIPE-integrated GUI
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To run a histogram task from a HIPE-integrated GUI, you must open itstask dialog (in the Editor) by
selecting the appropriate task in the Tasks view. In al task dialogs, filling out the parameters it quite
straightforward. Only the drawing of the figures needs more explanation.

Todraw acircle, an ellipse or arectangle you must pressthe mouse, drag it, and release it when you're
satisfied with the result. Drawing the polygon can be done by clicking on the image. Double clicking
means fixing the last vertex of the polygon. Afterwards you can always move/manipulate this figure.

Y ou also noticethat the cut levelsare already filled out for you. These values are the cut level s of your
| mage and only serve asinitial guess, in order to avoid empty histograms.

When you press the Accept button, the histogram will be made. Y ou will see it at the bottom of the
task dialog, anew variable will appear in the Variables view and the corresponding command will be
echoed to the Console. If you now adapt your figure, only the histogram at the bottom of the task dialog
will be updated. To transfer this to the Variables view, you need to press the Accept button again.

Thisis how the task dialog for the | mageH st ogr anifask lookslike:

€ HIPE - Herschel Interactive Processing Environment 8] X
File Edit Run Window Help
- L @E e B @
1 Editor X —_ o[ 22 variables % [—o)| @ Tasks % =
& imageHistogram x & | hi I o =
@ Image his.__ explorer B st
Y nistooram | I @ Iocalstorewriter
Image & mymage2 °ip _ © simpleFitsiriter
© mylmage2 [ By Category
Cut levels (min, max) [oo J[255.0 l{lle mywes
Bins [10 | © photsky
L] ult

Variable name for histogram: [histogram

&I console % =m0
7 5 7 7
HIPE> importImage(image=myImage2,filename="/1home/sara/testimages/ngc6992.jpg")
HIPE> result =
fixedSkyAperturePhotometry(image=myImage2,centerX=499.0,centerY=266.0, radiusPixels=
ky=48.0)
HIPE> photSky = fixedSkyAperturePhotometry(image = myImage2, centerRA = "02:00:34.2
centerDec = "-22:25:59.87", radiusArcsec = 5.04, sky = 48.0)
HIPE> histogram = imageHistogram(image=myImage2,lowCut=0.0,highCut=255.0,bins=10) |
HIPE> |
<

Figure 4.33. Image histogram task.

Thetask dialogs for the other histogram tasks look very similar :
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{3 HIPE - Herschel Interactive Processing Environment < = P
File Edit_Run_Window Help
s L@ ® 8@
7 Editor x (=&]
® cirdeHistogram X
’@@@@r o[ L] 141, 1057 | 02:01:14.828, -22:28:05.02
Cut levels (min, max) [s.0 J[255.0 ]
Bins Im
Clear | | Accept

proress
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Figure 4.34. Circle histogram task.
I nspecting the result

Theresulting product, hi st ogr am can be explored by double-clicking on it in the Variables view.
Y ou will see atable with the number of binsand the cut levels, and - if "drawing” afigurewasrequired
- the parameters specifying this figure. Also the histogram itself it shown.

Thisis how ahistogram explorer will look like :

L3 HIPE - Herschel Interactive Processing Environment =
File Edit_Run_Window Help
5 L@ s =]
] Editor x £ Variables x (=)@ Tasks x (=g
® circleHistogram | @ Image his... explorer X - |[EAr
& Applicable
ram o locals
L o simpleFit
Number of bins 10 {2 caleoory
Cut levels (min, max) 9.0,255.0)
Center (o) @175, 240.0) © photsky
Center (RADeq) (02:00:28 319, -22.2626.15) % redi
Radius [pixels] J217.56206011159207
Radius [arcsec] 19
T e T
£
3
S
L sl | I
20 40 60 80 100 120 140 160 180 200 220 240
Value na]
& console x =
HIPE> importImage (image=myImage2,filename="/Thome/sara/testimages/ngc6992.3jpg™) Bl
HIPE> result =
fi xedSkyAperturePhotometry (image=myImage2,centerX=499.0,centerY=266.0, radiusPixels=5.0,sky=48.0)
HIPE> photSky = fixedSkyAperturePhotometry(image = myImage2, centerRA = "02:00:34.242", centerDec
= "-22:25:59.87", radiusArcsec = 5.04, sky = 48.0)
HIPE> histogram = imageHistogram(image=myImage2,lowCut=0.0,highCut=255.0,bins=10)
HIPE> histograml =
circleHistogram(image=myImage2,lowCut=9.0,highCut=255.0,bins=10,centerX=417.5,centerY=240.0, radiu
sPixels=217.56206011159207)
HIPE>

| I EC I B

Figure 4.35. Circle histogram task output.

You can aso explore hi st ogr amviathe command line, using the following commands :

# Returns the nunber of bins as an integer (int)
hi st ogram get NbCf Bi ns()
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# Returns the cut |levels as a double
hi st ogram get LowCut ()
hi st ogram get H ghCut ()

# Returns the histogram as a Tabl eDat aset

hi st ogr am get Hi st ogr anm()

# Returns the values and frequencies of the histogramas a Doubl eld
hi st ogr am get Val ues()

hi st ogr am get Frequenci es()

# Returns the unit for the intensity

hi st ogram get Uni t ()

FortheCi r cl eHi st ogr amTrask you can also use

# Returns the center of the circle in pixel (Doubleld) and
# sky coordi nates (Stringld)

hi st ogr am get Cent er Pi xel Coor di nat es()

hi st ogr am get Cent er SkyCoor di nat es()

# Returns the radius of the circle in pixels and arcsec as doubl e
hi st ogr am get Radi usPi xel s()
hi st ogr am get Radi usAr csec()

FortheEl | i pseHi st ogr aniTask you can use

# Returns the center of the ellipse in pixel (Doubleld)
# and sky coordi nates (Stringld)

hi st ogr am get Cent er Pi xel Coor di nat es()

hi st ogr am get Cent er SkyCoor di nat es()

# Returns the dinensions of the ellipse in pixels as double
hi st ogram get W dt hPi xel s()
hi st ogr am get Hei ght Pi xel s()

# Returns the dinensions of the ellipse in arcsec as doubl e
hi st ogram get W dt hAr csec()
hi st ogr am get Hei ght Ar csec()

For the Rect angl eHi st ogr anTask you can use

# Returns the corner of the rectangle with mninmal row and colum in
# pi xel (Doubl eld) or sky coordinates (Stringld)

hi st ogr am get Upper Lef t Cor ner Pi xel Coor di nat es()

hi st ogr am get Upper Lef t Cor ner SkyCoor di nat es()

# Returns the dinensions in pixels
hi st ogram get W dt hPi xel s()
hi st ogr am get Hei ght Pi xel s()

# Returns the di mensions in arcsec
hi st ogram get W dt hAr csec()
hi st ogr am get Hei ght Arcsec()

For the Pol ygonHi st ogr anTask you can use

# Returns the vertices of the polygon as a Tabl eDat aset
hi st ogram get Edges()

# Returns the vertices of the polygon in pixel coordinates
# as a Tabl eDat set and Doubl e2d

hi st ogram get EdgesPi xel Coor di nat es()

hi st ogr am get EdgesPi xel Coor di nat esDoubl e2d()

# Returns the vertices of the polygon in sky coordi nates as a Tabl eDat aset
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4.3.4.

hi st ogr am get EdgesSkyCoor di nat es()

Contour Plotting

Y et another way to inspect | mages, is to make contour plots. This can be done by specifying one
(Cont our Task), or severa (Manual Cont our Task) contour values, or to let them be calculated
automatically (Aut omat i cCont our Task).

On the command line

If you know in advance, you want to plot only one contour value, you can use the Cont our Task.
The only input parameters are :

« theimage (I mage i mage)

* the contour value (Doubl e val ue)

To run thistask, simply type

contours = contour(imge = nyl mage2, value = 100.0)

If you want to specify multiple contour values yourself, use the Manual Cont our Task. This task
takes the following parameters as input :

» theimage (I mage i mage)
« alist of contour values (Doubl eld val ues)

The commands you need, are

# Construction of the list of contour val ues
val ues = Doubl eld()
val ues. append( 100. 0)
val ues. append( 120. 0)

# Cal cul ating the contours
contours = manual Cont our Task(i mage = nyl nage2, val ues = val ues)

Another option isto specify the minimum and maximum contour value, the number of contour levels
and the distribution (linear, logarithmic or In), using the Aut onmat i cCont our Task. Thetask will
then determine the corresponding contour values and cal culate the contours. Theinput parametersare::

theimage (I mage i mage)
« the extreme contour values (Doubl es i n and nmax)

* the number of contour levels (I nt eger | evel s)

the distribution of the contour levels (I nt eger di stri buti on)

The command is

# For a linear distribution of the contour |evels
contoursLin = automati cContour (i mage = nyl nage2, levels = 2, min = 0.0, \
max = 255.0, distribution = 0)

# For a logarithmc distribution of the contour |evels
contoursLog = automati cContour (i mage = nyl nage2, levels = 2, min = 0.0, \
max = 255.0, distribution = 1)

# For a In distribution of the contour |evels
contourLn = automati cContour (i mage = nylmage2, levels = 2, mn
max = 255.0, distribution = 2)

1l
S
<
—

All these results will appear in the Variables view.
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In the HIPE-integrated GUI

Plotting contours for one or severa value is fully integrated into HIPE, as well as the the

Aut omat i cCont our Task.

If you want to plot only one contour value, you can open the task dialog for the Cont our Task by
double clicking on contour in the Tasks view. In this task dialog you must only fill out the contour

value you areinterested in. Here is a screenshot of the task dialog :

3 HIPE - Herschel Interactive Processing Environment =

File Edit Run Window Help

e

7 Editor x

& contour X ‘@ manualContour,

_ o[ 22 variables x

P!

© contours

© contoursl
© contours2
© contours3
Ly contours+
value :  [100.0 g zm:gsz
® vals

© values

image” © ® mymage2

P

Variable name for contours: [contours

Success <]
status:

srogress: [

& console % (==
herscheT.7a. task.SignatureException: herschel.ia.task.SignatureException: Error in [4
name values: value array([100.0, 120.0], double) with type org.python.core.PyArray
incompatible with type java.util.ArraylList

HIPE> contours3 = automaticContour(image=myImage2,levels=2,min=0.0,max=255.0,distri
HIPE> contours4 = automaticContour(image=myImage2,levels=2,min=0.0,max=255.0,distri
HIPE> c=manualContour(image=myImage2, values = vals.getArray(Q)1l
<

Figure 4.36. Image contour task.
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Another option is to specify multiple contour values, by double-clicking on manual Contour in the
Tasksview. Inthetask dialog that opensin the Editor, you can add the contour valuesyou areinterested
in, to alist. It is aso possible to remove values from the list (by selecting the value in the less and
press the Remove button) or to clear the whole list (by pressing the Clear button). This is how the

task dialog looks like :

L3 HIPE - Herschel Interactive Processing Environment <2> g

File Edit Run Window Help

=

7 Editor X

=g

® manualContour x

P

image © myimage2
Contour values [1000 Il Addl |
100.0 <

nknown =]
status:

progress: | 0% |

@ Console x (=m

CIEatTUNUELE, GESCT TPLION, 1S T ONerTt, Moue TN, S tal LDeate, euDeate, Wave rengon,
datasets=[image], history=None},values=contourValues)

SyntaxError: ('invalid syntax', ('<string>', 1, 44, 'contours =

anualContour (image={description="ngc6992.jpg", meta=[type, creator, creationDate,
description, instrument, modelName, startDate, endDate, wavelength], datasets=[image],
history=None},values=contourValues)'))

HIPE>
<

L@ EQ
28 variables x [—o]|&@Tasks x (=
- |[Ea

(= Applicable
® mnmur\"a\usf L @ fiterspectrum
o ip [ By Category
© mymage2
© myics

Figure4.37. Manual setting of contour levelswith theimage contour task.
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142



Image analysis

To let the contour values be automatically calculated, just double-click on automaticContour in the
Tasksview. In the task dialog that will open by doing this, you must specify all input parameters. The
cut levels of the Image are used as initial guess for the extreme contour values. A combo box allows
you to use the distribution of the contour values. The task dialog is shown here:

€ HIPE - Herschel Interactive Processing Environment _la] [x]
File Edit Run Window Help
0 T tes® B
1 Editor X —_ o[ 22 variables x [—o)[ @ Tasks % =
& manualContour | ® automaticContour . ||Ba
&= Applicable
Gy conours | - @ localstore Writer

eip L o simpleFtswriter
© myimage2 [ By Category
Number of contour lavels 2 | © myWes

Image ® myimage2

Extrame contour values (min, max) 0.0 |[255.0 |

Distribution Log -]

output

Variable name for contours: [contours

[success B
status:

progress

& consote x (=3
HIPE> myWcs = Wes(crpixl = 29, crpix2 = 29, crvall = 30.0, crval2 = -22.5, dA

0.00028, cdelt2 = 0.00028, ctypel = "RA---TAN", ctype2 = "DEC--TAN")

HIPE> myImage2 = SimpleImage(wcs = myWcs) |
HIPE> importImage(image = myImage2, filename = "/Thome/sara/testimages/ngcés
HIPE> contours = [
automati cContour (image=myImage2,levels=2,min=0.0,max=255.0,distribution=1) l

.
Figure 4.38. Automatic contour level setting with theimage contour task.

If you press the Accept button, the contours will be calculated and appear in Variables view and the
corresponding command will be echoed to the Console.

I nspecting the result

Theresulting product, cont our s, can beexplored - asall Pr oduct s - with the product viewer, but
thisis not of much use. Y ou want to plot your contours on your image. This can be done by opening
your | mage (by double-clicking on it in the Variables view) and then dragging contours from the
Variables view to the image explorer. The contours will be plotted instantaneously on the | mage.
Thiswill all be donein green for the moment. Theideaisto use different coloursfor different contour
levelsin the future.

If the the contours are calculated for an | mage with a valid Wes and you drag it on an | nage
with avalid W s, the plotting will be done based on the sky coordinates. In al other cases, the pixel
coordinates will be used.

You are not obliged to drag your contours over the | nage for which they were calculated. This can
be convenient if you want to compare | nages at different wavelengths.
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4.3.5.

4.3.6.

L3 HIPE - Herschel Interactive Processing Environment

File Edit Run Window Help

¢ g L@ m E @
] Editor x [=o][ 52 varianies x (=g el Tasks x (==
@ mylmage2 x -
image RYconou|
S — o ip write
@ mymage2 |2 By Category
@ mylWes
- - L =
I
ENENEEN G 2815, 234.2 86.000 02:00:14.988, -22:25:44.43
& console x [=E
MIFE> MyWCS = WCS(CTPTXL = 29, CIPTRZ = 29, CIVall = 5U.U, CIVarz = -2Z.9, CUeltl = U,UUUZo,
cdelt2 = 0.00028, ctypel = "RA---TAN", ctype2 = "DEC--TAN")
HIPE> myImage2 = SimpleImage(wcs = myWcs)
D R e T S e £ A
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Figure 4.39. Output of the contour task.

Mosaicking

Thistask is not yet integrated in HIPE, so it is only available from the command line. The only input
parameters you need, are :

« alist with images you want to combine (Ar r ayLi st <l mage> i mages)
» oversampling (Bool ean over sanpl i ng) - optional (per default : Tr ue)
On the command line

To combinen | mages, say image_1,..., image_n, to amosaic, you must type

# lnports
fromjava.util inport ArraylList
from herschel . i a. tool box. i nage i nport Msai cTask

# Making an ArrayList with the |Inages
i mges = Arraylist()
i mages. add(i mage_1)

i ﬁﬁges. add(i mage_n)

# Making an oversanpl ed npsaic

nosai cOver sanpl edl = Msai cTask() (i mages i mages, oversanple = 1)

nosai cOver sanpl ed2 = Msai cTask() (i mages i mages)
# Maki ng a non-over sanpl ed npsaic
nosai cNonOver sanpl ed = Msai cTask() (i mrages = i mages, oversanple = 0)

I nspecting the result

Theresult, nosai ¢, isaSi npl el mage and can be treated like any other | mage.

Smoothing

Four different smoothing algorithms are available :
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* average smoothing
» median smoothing
 boxcar smoothing

* gaussian smoothing

These can be executed on the command line or viaaHIPE-integrated GUI. They all take the following
parameters asinput :

» theimage (I mage i mage)
« thewidth of the filtering window/boxcar/gaussian (Wi dt h)

Theparameterswi dt h must bean odd positivel nt eger for mean and median smoothing, apositive
I nt eger for boxcar smoothing and a positive Doubl e for gaussian smoothing.

On thecommand line
The commands for the four different tasks are very alike:

# Mean snoot hi ng
snoot hedMean = neanSnoot hi ng(i mage = nyl mage, width = 3)

# Medi an snoot hi ng
snmoot hedMedi an = nmeanSnoot hi ng(i mage = nyl nage, width = 3)

# Boxcar snoot hi ng
boxcar Snmoot hed = boxcar Snoot hi ng(i mage = nyl nage, wi dth = 4)

# Gaussi an snoot hi ng
gaussi anSnoot hed = gaussi anSnoot hi ng(i mage = nyl mage, width = 2.5)

Viathe HIPE-integrated GUI

In al tasks dialogs (to be opened by double clicking on meanSmoothing, medianSmoothing,
boxcar Smoothing or gaussianSmoothing in the Variables view) have an empty field where you should
enter the value for the parameter wi dt h.

L3 HIPE - Herschel Interactive Processing Environment =

File Edit Run Window Help

) T hes s 8@
[ Editor [=o)[ 22 variavtes x [=m)[e@Tasks x (=3
® meansmoothing X + ||[E Appiicabie =

— @ annularsk £l
2 @ ip
® myimage2
© mycs
image* : &
wicth: 3

P

Variable name for smoothed: [smoothed

progress: [ 0% |
Clear | | Accept
El console x =0
TaATo = = v vate,

ndDate, wavelength], datasets=[image], history=None},width=3)
ntaxError: ('invalid syntax', ('<string>', 1, 44, 'smoothed =
2ansmoothing(image={description="ngc6992.jpg", meta=[type, creator,
eationDate, description, instrument, modelName, startDate, endDate,
avelength], datasets=[image], history=None},width=3)"))

7

0000 00000000000000000000000000000000000000

[
-
-
=
-
S
B
-
=
-
-
=
-
S
B
-
=
-
-
=
-

nknown ] =
status: -
- -
-

E

-

=

-

-

=

-

-

E

-

=

-

-

=

-

-

E

r

141 of 1733 MB .

Figure 4.40. Application of the image smoothing task.

145



Image analysis

4.3.7.

I nspecting the result

All these tasks have an | mage as output. This has the same settings (Wcs, errors, flag, exposure) as
the input image. You can explore it using Di spl ay, or by double-clicking on it and thus opening
an image explorer.

Clamping/Clipping

Clamping or clipping an Image means that all intensities below a certain value | ow are set to this
value, and that all values above another value hi gh are set to that value. This means that you need
only these parameters for clamping :

» theimage (I mage i mage)

* thelower value (Doubl e | ow)

« the upper value (Doubl e hi gh)

On the command line

To clamp an | mage between 20.0 and 100.0, simply type

cl anped = cl anp(i mage = nylnage2, |ow = 20.0, high = 100.0)

By running this task, the clamped | nage will appear in the Variables view.
In the HIPE-integrated GUI

Opening thetask dialog in the Editor by doubleclicking on clampin the Tasksview, will show you that
you must fill out the lower and upper intensity between which the | mage must be clamped. Pressing
the Accept button, will start the clamping, after which the resulting clamped | mage will appear inthe
Variables view and the corresponding command will be echoed to the Console.

Inthefuturethe cut levelsof thel mage will be used asinitia guessfor thelower and upper intensities.

L3 HIPE - Herschel Interactive Processing Environment =
File Edit Run Window Help

=
rd

[ Editor X — o 22 variabtes x _o e Tasks x

® clamp x -

i @ campedimage
@
°ip

© mylmage2
image™: & myimage2 & mylics

low [r20.0 |
nigh:  [100.0 |

Outp

Variable name for ci cla

Clear Accept
El Console x (=5

CALTUNDALE, GesCrTPLION, (1S UNent, Moge Nane, sCarlDate, enaoate,
avelength], datasets=[image], history=None},width=3)"'))

[PE> clampedImage = clamp(image=myImage2,low=20.0,high=100.0)

[PE> Display(clampedImage)

[PE> clampedImagel = clamp(image=myImage2,low=120.0,high=100.0)

[PE> Display(clampedImagel)
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Figure 4.41. Application of theimage clamping task.

I nspecting the result
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4.3.8.

Theresult, cl anped, isanew | mage, with the same settings asthe input | mage.

Cropping

The size of an Image can be reduced through cropping. The user must only specify these parameters :

« theimage (I mage i mage)

» fromwhichrow (I nt eger r owl) towhichrow (I nt eger r ow2) the image should be cropped

 from which column (I nt eger col um1) to which column (I nt eger col utMm?2) the image

should be cropped

On the command line

To crop an Image for row = 40,..., 120 and column = 30,..., 150 simply type

cropped = crop(image = nyl mage2, rowl = 40, row2 =

colum2 = 150)

120, columml = 30, \

In the Variables view cr opped will appear as new variable.

Inthe HIPE-integrated GUI

For the moment you can use the cropping task with the default task dialog. This can be opened by
double-clicking on crop in the Tasks view. Y ou have to specify the bounding rows and columnsin the
foreseen fields. In the future, this task dialog will be reworked, such that you can draw the bounding

rectangle onthe | nage.

When you press the Accept button, the cropped | mage will appear in the Variables view and the

corresponding command will be echoed to the Console.
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Figure 4.42. Application of theimage cropping task.

I nspecting the result

125 of 1733 MB .

Theresulting | mage, cr opped, isan | mage with the same settings (errors, FI ag, exposure), cut
out of theinput | mage between the specified rows and columns. The W s isadapted, in order to have
the same sky coordinates for the same position in the | mages.
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4.3.9. Rotating

An Image can also be rotated over a given angle. If the y-axis points down (up), a positive rotation
angle means a clockwise (counterclockwise) rotation. Y ou have to specify three parameters :

» theimage (I mage i mage)

« therotation anglein degrees (Doubl e angl e)

« thetype of interpolation (I nt eger i nt er pol ati on) - optional (per default : linear)
Y ou can choose between four types of interpolation :

* Rot at eTask. | NTERP_BI LI NEAR = O : interpolates one pixel to the right and one down
(default)

* Rot at eTask. | NTERP_NEAREST = 1: direct pixel copying
* Rot at eTask. | NTERP_BI CUBI C=2: interpolation via a piecewise cubic polynomial

* RotateTask. | NTERP_BI CUBI C 2 = 3 : variant of bicubic interpolation that can produce
sharper result than bicubic interpolation

In the case you use one of the bicubic interpolation algorithms, you must also specify the number of
bitsto use for theinterpolation (I nt eger subsanpl eBi t s - optional (per default : 16)).

On thecommand line

To rotate an image viathe command line, just type

# Use the default interpolation (linear)
rotatedDefault = rotate(i mage = nyl mage2, angle = 30.0)

# Use direct pixel copying
rotatedNearest1l = rotate(i mrage = nyl mage2, angle = 30.0, \
i nterpol ati on = Rot at eTask. | NTERP_NEAREST)

rotat edNearest2 = rotate(i mage = nyl mage2, angle = 30.0, interpolation = 1)
# Use bicubic interpolation
rotatedBi cubicl = rotate(i mage = nyl mage2, angle = 30.0, \
i nterpol ati on = Rot at eTask. | NTERP_BI CUBI C)
rot at edBi cubi c2 = rotate(i mage = nyl mage2, angle = 30.0, interpolation = 2)
rot at edBi cubi c3 = rotate(i rage = nyl mage2, angle = 30.0, \
i nterpol ati on = Rot at eTask. | NTERP_BI CUBI C, subsanpl eBits = 18)
rot at edBi cubi c4 = rotate(i mage = nyl mage2, angle = 30.0, interpolation = 2, \

subsanpl eBits = 18)

Theresult will appear as avariable in the Variables view.
Inthe HIPE-integrated GUI

If you double-click on rotate in the Tasks view, atask dialog will open in the Editor. There you must
fill out the rotation angle (in degrees) and via a combo box, you can choose the type of interpolation
to be used for rotating. If you select one of the bicubic interpolation types (Bi-cubic or Bi-cubic?), the
Sub-sampling Bits field becomes editable, so you can enter the number of subsampling bits.

When you press the Accept button, the result appears in the Variables view and the corresponding
command is echoed to the Console.

I nspecting the result

The result, r ot at ed, is an Image with the same settings as the input Image, but rotated over the
given angle. The result is shown here:
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Figure 4.43. Image rotation task.

4.3.10. Scaling

An | mage can be magnified in the x- and y-directions independently using the Scal eTask. Also
here interpolation is necessary, just like for rotating, so the input parameters for thistask are:

« theimage (Image image)
« the magification factor along the x- and y-axes (Doubles x and y)
« thetype of interpolation (Integer interpolation) - optional (per default ; linear)

The interpolation types are the same as for rotating : Scal eTask. | NTERP_BI LI NEAR,
Scal e. | NTERP_NEAREST, Scal eTask. | NTERP_BI CUBI C and
Scal eTask. | NTERP_BI CUBI C_2. Also here, the number of subsampling bits (I nt eger
subsanpl eBi t s) must be specified if you choose to use bicubic interpolation.

On the command line

To perform scaling, you must type

scal ed = scal e(image = nylmage2, x = 0.5, y = 2.0, \
i nterpol ati on = Scal eTask. | NTERP_BI LI NEAR)

Note
@ The parameters i nt er pol at i on and subsanpl eBi t s are to be used exactly the

same way as for rotating.
Inthe HIPE-integrated GUI

If you double-click on scale in the Tasks view, a task dialog opens in the Editor, where you have
to specify the magnification factorsin the x- and y-direction. Parameters for the interpolation can be
specified as the same parameters for rotating.

If the Accept button is pressed, the scaled Image will appear in the Variables view and the
corresponding command is echoed to the Console.

I nspecting the result
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The result, scal ed, is an | rage with the same settings as the input | mage, but stretched
independently along both axes. The W s is adapted in a way that each source has the same sky
coordinatesin both | nages. An exampleis shown here:

3 HIPE - Herschel Interactive Processing Environment =/
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image
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Figure4.44. Application of theimage scaling task.

4.3.11. Translating

Y ou can translate an Image based on pixel or sky coordinates, so the required input parameters are :
» theimage (I mage i mage)

« thetranslation vector in pixel (Doubl es x andy) or sky coordinates (St ri ngs r a and dec)
On the command line

To do the trandation via the command line, simply type

# Transl ati on based on pi xel coordinates
transl at edPi xel = transl ate(i mage = nylnage2, x = 50.4, y = --5.3)

# Transl ati on based on sky coordi nat es
transl atedSky = transl ate(i nage = nyl mage2, ra = -"00:01: 00", dec = -"00:20: 00")

The result will appear in the Variables view.

Note
@ For the moment you can specify the pixel and sky coordinates at the same time. This
should be prohibited in the future.
Inthe HIPE-integrated GUI
For the moment, the default task dial og is opened when double clicking on translate in the Tasks view.

When the Accept button is pressed, that | mage is translated and appears in the Variables view and
the corresponding command is echoed to the Console.

I nspecting the result

Theresult, t r ansl at ed, isan | mage that looks the same asthe input | mage, but has as different
W s, which takes the trand ation into account.
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4.3.12. Transposing

Transposing an | nage can be donein several ways : flipping horizontally/vertically/(anti)diagonally
and rotating over 90, 180 or 270 degrees. This can be done on the command line, or inaGUI in HIPE.
The only parameters that need to be specified are :

» theimage (I mage i mage)

« thetransposition type (I nt eger t ype - per default : 0)

The possible transposition types are

e TransposeTask. FLI P_VERTI CAL (0) : flips top and bottom

e TransposeTask. FLI P_HORI ZONTAL (1) : flipsfrom side to side

e TransposeTask. FLI P_DI AGONAL (2) : flips bottom I€ft to top right
e TransposeTask. FLI P_ANTI DI AGONAL (3) : flipstop left to bottom right
» TransposeTask. ROTATE 90 (4) : rotates over 90 degrees

» TransposeTask. ROTATE 180 (5) : rotates over 180 degrees

» TransposeTask. ROTATE 270 (6) : rotates over 270 degrees

On the command line

To transpose an Image, type

# Flip vertically
flippedVerticallyl
flippedVertically2

transpose(i nage
transpose(i nage

TransposeTask. FLI P_VERTI CAL)
0)

nyl mage2, type
nyl mage2, type

Thetransposed | mage appearsin the Variables view.
In the HIPE-integrated GUI

If you double-click on transpose in the Tasks view, a task dialog is opened in the Editor. Here you
can choose via a combo box which tranposition type you want to use.
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Figure4.45. Application of theimage transposing task.
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I nspecting the result
The output, t r ansposed, looks exactly the same as the input | mage, but differently oriented, or

flipped. The Ws is adapted, in order to make sure that corresponding points have the same sky
coordinates both in the input and the output | mage.

4.3.13. Flagging saturated Pixels

You can flag out pixels with their intensity above a certain value, with the SATURATED flag type.
This can be done with the FI agSat ur at edPi xel sTask, by specifying these parameters :

» theimage (I mage i mage)
« the cut off value (Doubl e val ue)
On the command line

To flag the saturated pixels, type

flagged = fl agSatur at edPi xel s(i mage = nyl mage2, val ue = 100. 0)

The resulting | mage will appear in the Variables view.
Inthe HIPE-integrated GUI

By double-clicking on flagSaturatedPixels in the Tasks view, atask dialog is opened in the Editor.
There you need to enter the cut off value, above which pixels are said to be saturated.

After having pressed the Accept button, the flagged | mage appears in the Variables view and the
corresponding command is echoed to the Console.

I nspecting the result

Theresult, f | agged, lookslike acopy of theinput | mage, except that pixelswhose valuelies above
the given cut off value, are flagged out with the SATURATED flag type, as shown here:

L3 HIPE - Herschel Interactive Processing Environment

File Edit Run Window Help
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[ Editor X [=&]
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Figure4.46. Application of theimage flagging task.
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4.3.14. Getting the Cut Levels

Using the Cut Level sTask, you can determine the cut levels of an Image, either using the
percentage method or applying amedian filter. Y ou have to specify the following parameters

» theimage (I mage i mage)

« the method used for determining the cut levels (I nt eger et hod)

The method can be

e Cut Level sTask. PERCENT = 0 : percentage method

e Cut Level sTask. MEDI AN _FI LTER=1: median filter

If you choose the percentage method, an extra parameter must be given avalue :
« the percentage (Doubl e per cent) - per default : 99.5

On the command line

To calculate the cut levels of an | nage, you must type

# Percent age net hod
per cent Cut Level s1
per cent Cut Level s2

Cut Level sTask. PERCENT)
0, percent = 98.0)

cut Level s(i mage
cut Level s(i mage

nyl mage2, nethod
nyl mage2, nethod

# Median filter
medi anl cut Level s(i mage
medi an2 cut Level s(i mage

nyl mage2, nethod = Cut Level sTask. MEDI AN_FI LTER)
nyl mage2, nethod = 1)

Theresult appears in the Variables view.
Inthe HIPE-integrated GUI

When double-clicking on cutLevel sin the Tasks view, atask dialog will be opened in the Editor. There
you can indicate viathe Method combo box which method you want to use to determine the cut levels.
When selecting Percent, the Percent field will become editable, so you can change the default value
for the percentage.

After pressing the Accept button, the cut levelswill be calculated and they will appear as one variable
in the Variables view. The corresponding command will be echoed to the Console.
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Figure4.47. Application of theimage cut levelstask.
I nspecting the result
Theresult, cut Level s, isadouble array. To gain access to the low and high cut, type

# The | ow cut
| ow = cut Level s[ 0]

# The high cut
hi gh = cut Level s[ 1]

4.3.15. Image Arithmetics

The last functionality on Images we describe in this chapter, isimage arithmetics. These options are
available:

* addition/subtraction/multiplication/division of two | mages pixel-to-pixel, or based on their W s
* addition/subtraction/multiplication/division of an | mage and a scalar

* taking the modulus of an | mage w.r.t. another | mage, pixel-to-pixel, or based on their W s

* taking the modulus of an | mage w.r.t. ascalar

* taking the absolute values of all intensity values

« rounding/flooring/ceiling all intensity values

changing all intensity values in an Image according to a power/logarithmic/exponential scaling

All these tasks return an | mage as output.

4.3.15.1. Addition/Substraction/Multiplication/Division/Modulo

Addition, subtraction, multiplication, division and modulus calculation of two Image can be done
pixel-to-pixel, or based on their Wcs. In that case, you need to specify the following parameters :

» theimages(l mages i magel and | mage?2)
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* thereference frame for the calculation (I nt eger ref)

The possible values for the ref parameter are

* I mageArit hneti csTask. Pl XEL =0: pixel-to-pixel calculation

* I mageArit hneti csTask. WCS =1: W s-based calculation

If youwant to use apixel instead of asecond | mage, omit thei nage2 andr ef parametersand add
 thescalar (Doubl e scal ar)

On the command line

To do the calculations for two | mages, nyl nil and nry | n2, the commands are

# Addi ng (pixel -to-pixel)
sum = i mageAdd(i magel = nylml, inmage2 = nyln2, ref = |mageArithneticsTask. Pl XEL)

# Subtracting (pixel-to-pixel)
difference = i mageSubtract (i magel = nylml, inmage2 = nmyln2, ref = 0)

# Mul tiplying (based on Ws)
product = imageMul tiply(imagel = nylnl, image2 = nyln2, \
ref = I mageArithneti csTask. WCS)

# Dividing (based on Ws)
quotient = inmageDi vide(inmgel = nylml, image2 = nyln2, ref = 1)

# Modul o
remai nder = i mageMbdul o(i magel = nylnl, image2 = nyln2, ref = 0)

Note
S If added or subtracted | mages have the same unit, the sum/difference will use that same
unit, otherwise the calculation will be done in counts.

Note
3 The product, quotient and remainder will have the composed unit as unit.

To do the calculations for an Image and a scalar, the commands are

# Addi ng
sum = i mageAdd(i magel = nyl nage2, scal ar = 200.0)

# Subtracting
di fference = i mageSubtract (i magel = nyl mage2, scal ar = 200.0)

# Ml tiplying

product = imageMul ti ply(i magel = nyl nage2, scalar = 1.2)

# Dividing

product = i nageDi vi de(i magel = nyl mage2, scalar = 0.5)

# Modul o

remai nder = i mageMdul o(i magel = nyl nage2, scal ar = 200.0)
Note

@ The result has the same unit asthe input | mage.

In the HIPE-integrated GUI

If you double click on imageAdd, imageSubtract, imageMultiply, imageDivide or imageModulo in
the Tasks view, the corresponding task dialog opens in the Editor. In the modifier for 1st addend,
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minuend, multiplier or dividend, parameter i magel isgiven asvalue. The combo box for 2nd addend,
subtrahend, multiplicand or divisor allows you to choose whether to use a second | mage or ascalar
asinput.

If you choosefor asecond | mage, asecond combo box (Reference) appears, allowing youto chooseto
do the calculation either pixel-to-pixel or based onthe W 's. Also the second | mage must be dragged
from the Variables view to the task dialog.

If you choose to use a scalar, the second combo box disappears and a field appears where you can
give the value for the scalar.

When you pressthe Accept button, theresulting | mage isconstructed and will appear inthe Variables
view. The corresponding command is echoed to the Console.

4.3.15.2. Absolute values

The only parameter that needs to be specified is
» theimage (I mage i mage)
On thecommand line

To take the absolute value of all intensity valuesin an | mage, simply type

abs = i mageAbs(i mage = nyl mage)

In the HIPE-integrated GUI

Double-clicking on imageAbs in the Tasks view, will open the default task dialog. Y ou only need to
drag the | mage you want to use asinput to the foreseen modifier. If you press the Accept button, the
resulting | mage will appear in the Variables view and the corresponding command will be echoed
to the Console.

4.3.15.3. Rounding/Flooring/Ceiling

If you want to round, floor of ceil al intensity values, you only have to specify
» theimage (I mage i mage)
On thecommand line

The commands are

# Roundi ng
rounded = i mageRound(i mage = nyl mage2)

# Fl ooring
floored = i mageFl oor (i mage = nyl nage2)

# Ceiling
ceiled = imageCeil (i mage = nyl mage2)

In the HIPE-integrated GUI

Thecorresponding default task dial ogs can be openedin the Editor by double-clicking onimageRound,
imageFloor or imageCeil in the Tasks view. It looks exactly the same as the task dialog for the
| mmgeAbsTask.

4.3.15.4. Power/Square/Sqgrt

Y ou can aso change al intensity values according to a power scale. For all three available tasks, you
must specify
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» theimage (I mage i mage)

For the | magePower Task, you also haveto give
* the power (Doubl e n)

On the command line

To run the tasks on the command line, you have to type

# Power

powered = i magePower (i mage = nyl mage2, power = 1.5)
# Square

squar ed = i mageSquar ed(i mrage = nyl nage2)

# Sgrt

sgrt = imageSqgrt (i mage = nyl mage2)

In the HIPE-integrated GUI

You can also run these tasks in a GUI in HIPE. Then you must double-click on imagePower,
imageSguare or imageSgrt in the Tasks view. This will open the default task dialog in the Editor,
to which you can drag the | mage you want to use as input. For the | magePower Task, afield is
foreseen where you can give the power.

4.3.15.5. Logarithmic/Exponential

Instead of using a power scaling to adapt the intensity value, you can aso use a logarithmic or
exponential scaling. For all thesetasks (I mageLogTask, | mageLogl10Task, | rageLogNTask,
| mmgeExpTask, | mrageExpl10Task and | mageExpNTask), you must give

» theimage (I mage i mage)
For thel mageLogNTask and | mageExpNTask, you also have to give
* n(Doubl e n)

On thecommand line

The commands are

# Log

| og = i mageLog(i mage = nyl mage2)

# Logl0

| 0g10 = i mageLoglO(i mage = nyl nage2)
# LogN

I ogN = i mageLogN(i mage = nyl mage2, n = 8.0)
# Exp

exp = i mageExp(i mage = nyl mage2)

# Expl0

expl0 = i mageExpl0(i mage = nyl mage2)
# ExpN

expN = i mageExpN(i mage = nylnage2, n = 8.0)

Inthe HIPE-integrated GUI

To open the task dialog in the Editor, you must double-click on imageLog, imagel.og10, imagelLogN,
imageExp, imageExpl0 or imageEXpN in the Tasks view. An | mage can be dragged from
the Variables view to be used as input. In the task diaogs for the | mageLogNTask and
| mageExpNTask afield isforeseen to enter the value for parameter n.
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Chapter 5. Spectral analysis

5.1. Summary

This chapter describes the following topics:
» Tasksfor spectra arithmetics.

» The SpectrumFitter toolbox.

The standing wave removal tool.

* The baseline smoothing and line masking tool.

The cube spectrum analysis tool box.

* Fitting spectra from the command line.

5.2. How to

5.2.1. Starting example: dataset of HIFI spectra

It is assumed that an observation product containing spectral data is available and active within
your HIPE session. For this chapter, we will have an active variable called pr od which is a
HIFI observation downloaded from the HSA (see Section 1.2). This contains several levels of data
processing. We will be dealing with levell data: double-click on the highlighted "product(load)” in
Figure 5.1. The results appear in a new Editor window and include some metadata on the product
plus (scrolling down) a set of associated products (see Figure 5.2). Clicking on the highlighted
"summary" will provide a list of what datasets are contained for apid=1030 (the WBS spectrometer
H polarization). In the particular case (a Double Beam Switch observation) we are using we see that
there a comb (frequency calibration measurement), a hot-cold internal calibrator measurement (hc), a
tuning measurement (other) and two science measurements datasets for ON and OFF target (datasets
4 and 5). We will pick out dataset 4 for our purposes (double-click highlighted "product(load)" gives
Figure 5.3). This produces a list of metadata for the selected product and a dataset (with green dot
beside it) at the bottom of another Editor window. Drag-and-drop the dataset to the "Variables' view
and this dataset is automatically given anamein the session -- typically "newVariable."
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Figure 5.3. Choosing the product with the dataset we want.
A double-click on newVariable in the "Variables' view will open the dataset using the

Spect r unexpl or er (see HowTo on Spectral Display for information on how to manipulate the
visuaization). In the example dataset used here there are 18 spectra.

5.2.2. Spectrum arithmetics

Y ou can open the tasks described in this section by clicking on a spectrum in the Variables view and
opening the Applicable folder in the Tasks view.

¥ Editor x (=5
& '+ newvarishle (@ statistics (& statsa | © smooth x Tt resul
rlnput
Spectra @ newvariahle
Filter | Box v |
Smoothing Wicth |1 o0 \
Calculation Mode | Include Flags and Weights hd |
Owerwrite [
routput
result @ available Variable 1o be created
rinfo
SUCCESS =
status:
progress: 100%
Clear Accept

Figure5.6. Using the snoot h task
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] Editor x ==
4% resuitz “F resuiia {HF newvariable | ® avo x Tt resuie [ar=
rinput:
Spectra ® newvariahle
Calculation Mode ‘ Jgnare Al - |
Segments ® =none specified>
Selection ‘h!, NG v| Atribute values
frion v.. w]
Grouping ‘ e - | nrvtes
integration:
A ] packettime
~outaut LS
scancount
result @ available Wariahle to be created |: df_transfer
ohstime |«
rinfa
SUCCess =
status:
progress
Clear Accept

Figure5.7. Using theavg task

| Editor % ==
e Eﬁ avg &t resultd | @ extract x\‘H'resultS \&ﬂ 'resample\ 1FF
rInput
Spectra @ newivariable
Segments w =none specifisd=
Selection ‘ all - |
Range(s) Minirmum Maximurn
-output
result @ available wariable to be created
rinfa
Success =
status:
progress
Clear Accept

Figure5.8. Usingtheext r act task
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¥ Editor x (=0
e (& avg Pt resut (& extract '+ resuns | @ resample x 1+
rlnput
Spectra @ newvariable
Scheme | Eox: Trapezaidal v|
Grie [ Forecwaicttn | | |
Density [l
~output
result not available Variable to ke created
Finfo
unkn o 4
status:
progress: 0% |
Clear || Accept

Figure5.9. Using ther esanpl e task

] Editor % [=o]
g O resuits (@ extract it resutts @ resample | @ replace x 1r=s
rinput

ds™: @ newVariable
by : @ =none specifieds

mode : |replace

- output
result not available variable to be created
-infa

unknown -
status:
-

progress: 0% ‘

Figure5.10. Using ther epl ace task

 select: Provides a means of selecting those spectra that can be combined. A given attribute value

or range of values can be used or simply the index number of the spectrum within the group (see
Figure 5.4).
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| Editor X ==
i {® ascimavienwer ‘(& asciTabiereader (@ restore @ simpleFitsReader | @ select x s

Input

Spectra w =none specified=

Segments = =none specified=

Selestion all -]

i
result not available Variable to be created
lunknowr -
status:
progress I 0% ‘
Clear | | Accept

Figure5.4. Using thesel ect task

* add/subtract/multiply/divide: Provide means of adding/subtracting/multiplying/dividing groups of
spectra or single spectra together (pair-wise), or adding/subtracting/multiplying/dividing a scalar
valueto/from all spectrain the sel ected dataset. Numbered segments, e.g., subbands, can be selected
for addition if available within the dataset (see Figure 5.5 for adding the scalar value 200.0 to all
spectrain our dataset)

| Editor x [=o]
FH*— newiatiable \H*- result2 \Q-H- result \H-*— newiariable | @ add x 1{rs
-Input
Calculation Mode |Sca|ar v|
Spectra @ newariahle
Paramater [ |
Segments W= =none specified=
Selection | all - |
Orwervtite (]
- output
result not availahle Variable to be created
-infa
success =
status:
progress: 0% ‘
Clear Accept

Figure5.5. Using the add task

 dtatistics This alows for statistical operations to be performed on the datasets (it automatically
works on individual sub-bands presently). It provide as mean, median, variance, standard deviation
or percentiles for samples / selections of spectra from a dataset that can contain many datasets
(spectra) when the "Accept" button is clicked. The result is an output that contains a number of
datasets holding statistical information on the datasets. The main output is the "summary” table
that istypically the last dataset listed of the set (double-clisk on output variable, e.g., "stats’, in the
Variables view. Use an appropriate viewer (Dataset viewer or Tableplotter to see the results).

» smoothThisallowsatransformation of the dataviaabox or gaussian (of user-sel ected width) smooth
of the spectra in a dataset. Flags and weights for the different spectral points can be added in the
future. Torunthistool, click onthedataset, e.g., "newVariable', inthe"Variables' view to highlight.
The Applicable Tasks in the "Tasks" view include srmoot h. Double-click on this to get the self-
explanatory dialog shown in Figure 5.6. The task runs by hitting the " Accept" button.
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» avgThisalowsthe average of aselection of spectrafrom adataset. Flags and weightsfor individual
channel s/pixels can be used if available. Spectra can be selected by their index number in the dataset
or by attributes (such as buffer number -- a pull-down selection list is available.). To run this tool,
click onthedataset, e.g., "newVariable", inthe"Variables' view to highlight. The Applicable Tasks
in the "Tasks" view include avg. Double-click on this to get the self-explanatory dialog shown in
Figure 5.7. The task runs by hitting the "Accept" button.

» extractThis allows the extraction of a data from a minimum to a maximum frequency/wavelength
range for the complete set of spectrain adataset. Flags and weights for individual channels/pixels
can be used if available. Spectra can also be selected by their index number in the dataset or by
attributes (such as buffer number -- a pull-down selection list is available.). To run thistool, click
on the dataset, e.g., "newVariable", in the "Variables' view to highlight. The Applicable Tasksin
the "Tasks' view include ext r act . Double-click on thisto get the self-explanatory dialog shown
in Figure 5.8, where the channel s with frequencies 4000 to 5500 MHz have been selected. The task
runs by hitting the "Accept" button.

» resampleThis allows the resampling of data using a Trapezoida or Euler box, with a choice of
variable or fixed width. Flags and weights for individual channels/pixels can be used if available.
Spectra can aso be selected by their index number in the dataset or by attributes (such as buffer
number -- a pull-down selection list is available.). To run this tool, click on the dataset, e.g.,
"newVariable", in the "Variables' view to highlight. The Applicable Tasks in the "Tasks" view
include r esanpl e. Double-click on this to get the self-explanatory dialog shown in Figure 5.9.
The task runs by hitting the "Accept" button.

* replaceThis alows the replacement of certain frequency/wavelength channels. To run this tool,
click onthedataset, e.g., "newVariable", inthe"Variables' view to highlight. The Applicable Tasks

inthe"Tasks' view includer epl ace. Double-click on thisto get the dialog shown in Figure 5.10.
The task runs by hitting the "Accept" button.

5.2.3. The SpectrumFitter Toolbox

The SpectrumFitter Toolbox (or SFTool), isused to fit spectral featuresin the dataof all three Herschel
instruments. The Toolbox islaunched from the Tasks menu, or the Applicable Tasks menu if you have
already selected a SpectrumDataset, or by right-clicking on the SpectrumDataset and selecting "Open
with..." SFTool. The latter two will open the SFTool with the dataloaded in.

Note that NaNs must be removed from the spectra before fitting. In HCSS 2.0 thisis done by SFTooal.

5.2.3.1. Viewing Spectrain the SpectrumFitter Toolbox GUI

The SFTool GUI ismost easily handled if you drag it out of the editor pane and expand it so you can
see the whole GUI.

Select the spectrum from the Container environment (lower-left pane of SFTool - middletab) by right-
clicking on the spectrum of your choice and clicking "Select for Fitting".

The spectrum to be fit then appears in the upper panel of the plotter and in the Spectratab, the default
name for the first spectrum selected is S1. This name a so appearsin the text box above the plotter.

After S1 is fit, the residual will be plot in the panel below and a temporary name for the residual
appears in the text box below.

5.2.3.2. Fitting models to spectra

Single model fits

» Pressthe InitModel button in the right pane of SFTooal to initialise the models toolbox.
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The default model is a first order polynomia fit, which is based on the first and last 10% of the
data points of the spectrum.

Y ou can improve on this first guess by selecting a higher order polynomial viathe buttons (0-4) in
the upper right pane or entering avalue in the box. The polynomial coefficients are specified asthe
first column in the text boxes below the choice of polynomial degree. The second column is used
to report the standard deviations on these coefficients.

Y ou can aso select adifferent model to fit (e.g. Gaussian) from the drop down menu.

Windowsto fit in can be selected viamanually entering valuesin the windows boxes, or by clicking
firstin awindow box (it should turn yellow) and drawing awindow on the spectrum with the cursor.

Once a satisfactory model is found, you can apply it by clicking "OK" in the model pane (upper
right) and then "DoFit" in the fitting pane (lower right).

If the fit isgood, click "AcceptFit" (in the lower right panel) and the residual spectrum, S1_RO01, is
passed to the Spectratab (lower left). Thistab will now hold two spectra: S1 and S1_RO1.

To apply another fit model on S1, click InitModel again. To apply a fit model to the residual
spectrum S1_RO1, select this spectrum in the Spectra tab and click UseSpectrum in the lower right
panel.

Multiple Model Fits

To fit another model to S1, pressthe InitModel button again. A new default 1st degree polynomial
model will be proposed. Same strategy as above: select the type you want, specify the parameters,
specify the windows, click OK and DoFit.

Adding this second model will return a simultaneous fit of S1 using both models you applied to
this spectrum. Assuming you first fit a polynomial and afterwards you fit a Gaussian profile to your
spectrum (S1), this means that the coefficients of the polynomial will be updated. Y ou can retrieve
these new coefficients by clicking on the appropriate model name in the Models tab (lower left).

Fitting e.g. a Gaussian to S1_RO01 will NOT update the model coefficients used to get from S1 to
S1 ROL.

Global fit. A global fit is more mathematically precise than separate model fits. To apply a
global fit using all the models applied to S1, click OK, DoFit and AcceptFit after specifying your
last fitting model. Another spectrum will appear in the Spectratab, called S1_R01_RO1. Right-click
on this spectrum and select GlobalFit to simultaneously fit all modelsto S1. Thiswill create anew
spectrum, called S1+1, in the Spectratab.\

Selecting S1+1 will show you the spectrum and all applied models over-plotted in the upper plot
panel. The residuals are shown in the lower panel.

5.2.3.3. Sending results back to HIPE

To export the spectrum of your choice (and the applied models) as a HIPE variable, right-click on the
spectrum and click Saveto HIPE. A pop-up window will ask you for the name of the variable.

After applying models to your spectrum, you can retrieve your GUI actions as a Jython-script, by
right-clicking on the end result (AFTER AcceptFit), and selecting Write Script. A pop-up window
will ask you where to save the script. (Remember to put .py at the end of the file name.)

5.2.4. General Standing Wave Removal Tool
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5.2.4.1. Introduction FitFringe

FitFringe is a general sine-wave fitting task that can be used to remove periodic signals in spectra,
such as standing waves. A description of the method and history of the code can be found in Kester
et a. ("The Calibration Legacy of the ISO Mission", 2003, ESASP 481, 375).

Briefly, FitFringe does the following:

1. A baselinefor thesignal to befitted is determined by using the SmoothBaseline task. Sharp spectral
features are flagged using a sigma clipping agorithm. The user can control the baseline shape by
indicating atypical period ('midcycl€e) that is being searched for.

2. Singlesinewaves arefitted to the baseline-subtracted spectrum, over awide range of periods. Best-
fitting periods are determined from local or absolute minimum Chi-sgquare points.

3. The sine-wave amplitudes and phases are determined by solving a set of linear equations using the
'LU" matrix decomposition method.

4. The solution is subtracted from the data and the baseline is added back in.

The user can fit any number of sinewavesto thedata. In thefuture an option will be added to determine
the minimum amount of sine waves needed to fit the data, taking into account the spectral noise using
Bayesian statistics. As thisis not an instrument-specific task, the input data have to be in the general

Spectral Segment format. The assumed wavelength units are micron. See the HIFI Standing Wave
Removal Tool chapter in the HIFI User Manual for using FitFringe with HIFI data.

5.2.4.2. Running FitFringe

FitFringe only accepts data in the SpectralSegment format. Required are frequency in micron
(Doubleld), flux (Doubleld), flags (Intld), and weights (doubleld). The input data for FitFringe is
then created as follows:

swData = FitFringeDat a(myFreq, nyFl ux, nyFl ag, myWei ght)

FitFringe can be run on the command line and with a GUI.

The latter looks as follows:
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(===
{2 fitFringe X
rinput
inputdata® : @ swData
nfringes : [ ] |l |
mhz : ® [
cydle ; ® [1100000.0 |
cystep - e |9000.0 |
ncycle : [ ] |450 |
midcycle - ™ |1700000.0 |
tolerance : [ ] |0.0 |
weight e 7
auto : [ B
plot o v
expert : 2 [V
wrange : @ <Mo variable>
fixfreq : @ =zMo variable>
routput
Yariable name for improvedData: |improvedData |
Yariable name for baseline: |base|ine |
Yariakle name for fringelist: |fringe|ist |
rinfo
success o
status; ]
-
progress:

Figure5.11. The FitFringe task interface

Clicking on 'Accept’ assumes the defaults further explained below. It is equivalent to the command
line statements:

hf = FitFringe()
i mprovedDat a = hf (swDat a)
In the process, two plots are created by default. Thefollowing plots were created using the script listed

in the box below. The first one shows the sine wave period as a function of Chi”2. Selected dips with
minimum Chi~2 are indicated with vertical red lines.
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Figure5.12. Sinewave period plot

The second plot shows the original data, the baseline, the sine-wave subtracted data, and the mask:
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Figure 5.13. FitFringeresult plot

The output data with the sine waves subtracted can be retrieved as follows:
wave=i npr ovedDat a. wave

fl ux=i nprovedDat a. f | ux

fl ag=i nprovedDat a. f| ag

wei ght =i npr ovedDat a. wei ght

The applied baseline is stored in asimilar way.

The fitted parameters are stored in a TableDataset, which contains alist of the fitted sine waves:

fringeNum fringe nunber

cycle: period [per inverse wavenunber in m cron]
cycle_In_MHz: period [in Miz]

si nAmp:  anplitude of sine conponent

cosAmp: anplitude of cosine conponent

chi sq: chi~2

chi Red: total chi”2 reduction

Thelist can be viewed as
f=hf.fringelist

print f
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For example, the sine wave periodsin MHz are retrieved as
print f.getColum("cycle_In_Miz")

Asthe GUI shows, several parameters can be controlled by the user. Periods are by default expressed
in units of cycles per inverse wavenumber in micron, unless the 'mhz' boxed is checked. In order of
importance:

 nfringes. number of sine wavesto be fitted [DEFAULT: 1]

* midcycle: typical cycle frequency used for smoothing in order to determine the baseline
[DEFAULT: 1.7E6 cycles/micron*-1=176 MHZ]

* cycle: start of sine wave period search range [DEFAULT: 1.1E6 cycles/micron-1=2727 MHZ]
* plot: show resultsin plots [DEFAULT: aperiod versus Chi*2 plot and a before/after plot]
* expert: show more plots of intermediate steps [DEFAULT: not]

« fixfreq: fix periods to these values, i.e. do not search for them. Has to be same number as nfringes
[DEFAULT: search for periods].

* ncycle: number of cyclesto check [DEFAULT: 450]

» cystep: step between cycles, i.e. resolution of the frequency space to search for standing waves
[DEFAULT: 9000 cycles/micron™-1--unlikely to be modified by the user]

» weight: set all weightsto 1 [DEFAULT: assign smaller weights to outliers]
» wrange: limit operations to wavelengths within this range (in micron). [not yet implemented)]
« tolerance: reduce chi”2 until reduction is less than tol (0.01 == 1 percent) [not yet implemented)]

* auto: automatically determine the maximum number of fringes needed within the noise, using
Bayesian statistics [not yet implemented)]

This example shows how FitFringe can be used. It isthe script used to produce the plots shown above.

#frequency in GHz (FitFringe assunes the periods are
#constant in frequency space)
myFr eq=Doubl eld. r ange( 800)/ 100. +500

#flag and wei ghts
nmyFl ag=I nt 1d( 800)
nmyWei ght =Doubl e1d(800) +1.

#sum of 90, 120, and 200 MHz standi ng waves

#and a CGaussi an emission |ine

sw_freql=90

nmyFl ux=SI N(2* Mat h. Pl *nyFreq/ (sw_freql*1. e-3))*0. 04+1. 0
sw_freq2=120.

nmy Fl ux=nyFl ux* (1. +SI N(2* Mat h. Pl *nmyFreq/ (sw_freg2*1. e-3))*0. 07)
sw_freq3=200.

nmy Fl ux=nyFl ux* (1. +SI N(2* Mat h. Pl *nmyFreq/ (sw_freqg3*1. e- 3)) *0. 05)

myFl ux=nmyFl ux+0. 35*EXP(-0.5 * (( nmyFreq -- 505. -) -/ 0.05 -)**2 -)

#f it Fri nge expects wavel ength in micron
nmyFreq=(3.el4/ (((nyFreq))*1.e9))

# Make the input standi ngwave data
swbhata = FitFringeDat a( nyFreq, nyFl ux, nyFl ag, nyWei ght)

# Run FitFringe
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hf = FitFringe()
i mprovedDat a = hf (swDat a, nfri nges=3)

#output data will be in
# i nprovedDat a. wave

# i nprovedDat a. f1 ux

# inprovedData. fl ag

# i nprovedDat a. wei ght

# Check the fringe list (a Tabl eDataset)
f=hf.fringelist

print f

print f.getColum("cycle_ |n_Mz")

5.2.5. Baseline Smoothing and Line Masking Tool

5.2.5.1. Introduction SmoothBaseline

The SmoothBaseline task produces a smooth baseline and amask of spectral features with no (or very
little) user interaction. It works by smoothing, median filtering, and clipping the spectrum anumber of
times. Spectral lines are masked and any standing waves are smoothed over. Both the smooth baseline
and the mask are returned to the user. Although SmoothBaselinewas originally devel oped for use with
the FitFringe sine wave fitting routine, it can be used on its own as well, for example for automated
baseline and line detection purposes.

5.2.5.2. Running SmoothBaseline

SmoothBaseline accepts Spectral Segments as input. See the example in the box below for how to
construct those. The box also shows how SmoothBaseline can be run from the command line. A GUI
can also be started by double-clicking on the Spectral Segment in the Variables window.

The key input parameter is'midcycle’, which is essentially the typical scale to which the baselineisto
be smoothed. It'sunit isthe number of cycles per wavenumber unit, where wavenumber isdefined as 1/
wavelength. Any structure in the spectrum that has a much longer period than 'midcycl€’ is considered
baseline structure and will not be smoothed or masked.

After applying median filter with width 'midcycle, a boxcar smoothing with 10 times the width of
midcycle is done to determine outliers larger 4 times the difference between the smoothed and input
spectrum. The default box-car value of 10 can be overruled by the user, although thisis likely rarely
needed.

The user can also mask spectral regions a priori, by using the 'suppressBegin' and 'suppressend'
parameters.

In the box below, the output from SmoothBaseline is explained. By default two plots are generated,
but this can be avoided by entering 'plot=False'.

Example script:

#make a test spectrum

#wavel ength in micron
myWave=Doubl eld. r ange( 800)/ 100. +500

#flag and wei ghts
nmyFl ag=I nt 1d( 800)
nmyWei ght =Doubl e1d(800) +1.
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#a standi ng wave with a wavel ength of 0.5 mcron

#and a Gaussi an em ssion |ine

sww =0.5

nyFl ux=SI N( 2* Mat h. Pl *nyWave/ (sw_w ))*0. 04+1. 0

nyFl ux=nyFl ux+0. 35*EXP(-0.5 * (( nyWave -- 505. -) -/ 0.05 -)**2 -)

# Prepare spectrumdata to be processed
swbData = Fit Fri ngeDat a( nyWave, nyFl ux, nyFl ag, my\Wei ght)

# Run Snoot hBaseline. Note that the exact value of midcyc is not

# very inportant, though it should be of the sane order of nagnitude
# as the waves in the spectrum Here, 7.e5 cyc/mcron”-1

# corresponds to waves with | engths of |anbda”2/ m dcyc=0.35 micron
basel i ne = snoot hBasel i ne(dat a=swDat a, m dcycl e=7. e5, pl ot =True)

#obtai n mask of found spectral |ines
mask = snoot hBasel i ne. mask

#snmooth baseline will be in
# basel i ne. wave

# baseline. fl ux

# baseline.fl ag

# basel i ne. wei ght

The script generates the following plots:

Herschel PlotXY

Fringe Smoothing in Processing...

0.08

0.06

0.04

0.02

0.00

-0.02

Amplitude

-0.04

-0.06

-0.08

499 500 501 502 503 504 505 506 507 508 509

OrignalFlux(blue) Xfit(red) Mask(green)

Figureb5.14. Thefirst plot generated by SmoothBaseline showstheinitial baseline(red) and thelimitsabove
and below which signal will be masked (yellow). Clearly the emission line is masked, asindicated by the
green line.
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5.2.6.

Herschel PlotXY
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Figure5.15. Thesecond plot gener ated by SmoothBaseline showsthebaselinein red and themasked regions

indicated in green.

The Cube Spectrum Analysis Toolbox

The Cube Spectrum Analysis Toolbox (CSAT) isaninteractive, user friendly toolbox which provides
navigation, quick access, manipulation and analysis of spectral cubesin HIPE.

The navigation and quick access parts offer the following features:

» Navigation through the cube along the spectral axis

* Quick look and extraction of individual spectra

* Quick look and extraction of spectral regions

The cube manipulation tools offer the following features:
 Extraction of sub-cubesin the spectral or spatial domain

* Creation of monochromatic images in the spectral domain.
The analysistools offer the following features:

 Creation of PV diagrams (position-velocity maps)

* Creation of velocity maps creation

The following sections will cover these topics:
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5.2.7.

5.2.8.

» The graphical user interface of the CSAT and the features it offers
» Accessing these features from the command line

The CSAT works with cubes of type Si npl eCube and Spect ral Si npl eCube. Please see
the Scripting and Data Mining guide for details on how to create and manipulate these cubes:
Section 2.11.1.

Note

@ To be usable by the CSAT, a cube must have a valid WCS (World Coordinate System).
See the Scripting and Data Mining guide for details: Section 2.13.

The CubeSpectrumAnalysisToolbox GUI

The cubetool graphical user interface offersyou amore user-friendly way to run the various functions
(Tasks) of the spectral cube analysis toolbox. Each of the functions can also be run straight from the
HIPE command line.

The cube toal is available in the package herschel.ia.gui.cube, while the individual tasks are located
in the package herschel.iatoolbox.cube. The cube tool accepts data of type Si npl eCube or
Spect ral Si npl eCube; you can find out what type your cube is either by hovering over it in the
Variables panel, or with the following command (assuming my Cube is the name of your cube):

print myCube. cl ass

For example, cubes produced by HIFI and SPIRE pipelinesarein Si npl eCube format. For PACS,
the cube coming out of the task specPr oj ect is aso in Si npl eCube format. All these can
immediately be ingested in the GUI.

The cube tool can be launched in the following ways:
» By right clicking on a Si npl eCube or Spectral Si npl eCube product in the Variables
panel, where the cube tool (along with other tools) is offered as a viewing option

(CubeAnal ysi sTool box).

» From the command line, with a command like the following:
myCubeResul ts = CubeSpect rumAnal ysi sTool box( nyCube)

This command opens the cube tool with myCube in it. Alternatively, you can do the same in two
steps:

myCubeResul ts = CubeSpect rumAnal ysi sTool box() # Opens an enpty w ndow
myCubeResul t s. set Cube( myCube)

With the command line method, anything you create via the cube tool will be put in the
nmyCubeResul t s variable, from where it can be accessed later. Both usageswill return the result of
all the operations done with thistool as anew variable in HIPE. The command line allowsin addition
to access the results in a second way and, for some features, in a different format. All this will be
described later.

Using the GUI

When you launch the CSAT the following window will appear:
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Figure 5.16. Thefirst view you will have of the cubetool GUI

The CSAT will appear within the Editor HIPE view. We recommend you maximise the view or take
it out of the main HIPE window (see the HIPE Owner's Guide for details). You may then want to
zoom-to-fit-window on the cube image, and resize the whole GUI so all the information boxes fit the
information in them.

Note that the CSAT is still under construction, so some features may be different from what iswritten

or shown here.
Note
@ If your spectrum displays with odd ranges, it is possible that previous plot settings are
still in effect. Try selecting the spectrum plot's Properties and choose Auto range — First
Layer — Both Axes.
5.2.8.1. Design

The CSAT interface is split into two main regions:

» Ontheléeft side (the image side) the imported cube is displayed as alarge image. The spectral dlice
of theimage currently shown is adjustable with adlide bar to the lower right of the interface. Above
the image you can see the following:

< A real-time display of the spectrum in the spaxel (spatia pixel) that is under the mouse in the
image, with ared vertical line corresponding to the layer (spectral cut) currently selected.

< A zoom and navigate section. In the upper part you can adjust the view of the total cube plane
that is shown in the large image. Y ou can also seethe N-Sand E-W axes, if the WCSisincluded
in the imported cube. The lower is a zoom of the spaxels around the mouse pointer.

» On the right side (the working side) are found, located in sub-tabs of the cube tab, the results of
various selections you will have done on the cube (this is explained later). You can also find a
header tab with the cube's header information (see figure below).

At the bottom of the interface you can find the following:
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 Buttonsfor zoom, pan and adaptive zoom.

» Pixel coordinates, intensity value and sky coordinates (if present in the cube) of the spaxel under
the mouse pointer.

» An adjustable colour bar, and a dide bar for navigating along the spectral dimension of the cube.
The units of the slide bar are not spectral, but indicate the position in the spectral dimension (the
array position). Spectral units are shown on the plots.

I3 HIPE - Herschel Interactive Processing Environment = =
File Edit Run Window Help
- o A B R = |
| Editor x -5
e e jSpemals...ecubeiras x
File Cube Manipulation Analysis Help
Single Spaxel Display ¥ [ 1o0ls_ (Wics explorer |
Multiple contiguous Spaxels Displa; header
: mp g p play 7 [‘i! } G
= Index | Keywords | Walues
0 naxis 3 fcs
T naxis3 2037
[ 2 cunitl arcsec
| 3 cunit2 Arcsec
4 type Unknown
5 |creator Unknown
| 6 |description|Unknown
7 instrument [Unknown
2 |modelna... [Unknown
9 |origin 0AQ-RA. ..
10 |object MB2-IFU#1
11 |iraftim 15:29:16 ...
2 fixpix un 518:..
ctypel LINEAR
ctype2 INEAR
crpid 0
crvall .677424...
ccdsum 1
8 gain -0
S |gainmult  |2.337
20 |rdnoise 3.3
21 ltm1_1 1.0
22 |ltm2_2 1.0
23 jedl ] -0.2
cd2 2 0.2 -
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Figure5.17. The header explorer
5.2.8.2. The Spectrum menu

The Spectrum menu is dedicated to spectrum extraction and allows you to select spectra out of the

cube on the image side, from single spaxels or from a spaxel region. The result is displayed in the
working side and can be manipulated, printed, and saved.
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Figure 5.18. The Spectrum menu

Single Spaxel Display

Selecting the first Spectrum menu item Si ngl e Spaxel

* A new graphical panel on the right part of the window

Di spl ay bringsup

* A blue rectangle following the mouse cursor when this one is over the cube.

The panel of the right panel contains 2 sections:

tools

» Theupper section containsradio buttons and text fields. Thisincludes: to define the optiona filtered

spectrum to be extracted and buttons to print and to save a script that reproduces the last executed
commands within this tab

» Thelower section contain a plot section (a PlotXY component) showing the single spectrum.

» Under the plot section the spaxel coordinates and sky coordinates of the current spectrum are

displayed
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Figure5.19. The single spaxel spectrum extraction window

The spectrum corresponding to the spaxel under the mouse cursor is displayed in real time in the
plot section. Clicking on the left button of the mouse stop this real time display and freezes it on the
spectrum of the "clicked" spaxel. At the same time, the spectrum is sent to HIPE with a default name

(

see below).

The plot in the tab can be manipulated in the usua way that PlotXY plots can bein HIPE.

n the upper part of the tab we find additional functionalities offered viaradio buttons and text fields.

Smoothing: selecting this you can perform a Gaussian smoothing or a boxcar filter, for both of
which you can chose the width of thefilter, in units of channels (i.e. not spectral units but rather the
number in the spectral axes array positions). A red smoothed spectrum is now superimposed on the
blue original in the plot (currently to see this on the frozen spectrum you need to select smoothing
before you select the spaxel to freeze, or you need to go back to the image and select a spaxel again)

Print spectrum; open a print dialog box to print the plotted spectrum

Save script: save a python script containing the sequence of commands you have just executed
(corresponding to the buttons you have just pressed) within this tab, including selecting the spaxel
in thefirst place

Save as fits: save the selected spectrum, in a multi-extension FITS file in a Spectrumld product
format. This format can be read by standard software and can a so be rel oaded into HIPE

Save product: Thisbutton sendsthe current spectrum as a Spectrumld variable to the HIPE session,
from where it can be read into other spectral fitting/viewing tools provided by HIPE. The naming
convention for the variable saved is: variable name of the cube +"singlepixspectr " + spaxel
coordinates from which it was extracted

Send to VO button: a button to use the conection between HIPE and the Virtual Observatory

To extract a new spectrum from another spaxel or to extract a new smoothed spectrum, the interface
needs to be "reactivated": this can be done by clicking on one of the radio buttons in the upper part
of the tab or by re-sel ecting the menu.
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Note that the GUI is based on the "PlotXY" tool of HIPE; at present you can chose to zoom on the
plot on the working side but if you go back to the image side to select a new spaxel to display, you
lose the zoom you just defined and a complete new spectrum is shown.

If the CubeSpectrumAnalysisToolbox was opened from a command line the last spectrum extracted
can be accessed with the method getSinglePixel Spectrum():

# the CSAT was called up with

nycsat = CubeSpect rumAnal ysi sTool box()
# and then

spec = mycsat. get Si ngl ePi xel Spectrumn()

which returns a Spectrumld variable.
Multiple Contiguous Spaxel Display
The second menu item allows you to create a spectrum that is the average of a spaxel region. The
selection of this menu brings up a panel in a new tab in the right part of the CSAT. This new panel
contains:
* An upper part with
« an areato define the kind of region on which to extract the spectrum, using radio buttons
* aninformation section about the area selected
« abutton to execute the extraction, save the data, save the script, or print the current spectrum

 asection to define an optional filter

* A plot section where the resulting spectrum is shown
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The spectrum shown is the average from the region drawn by the user on the cube image (which is
in the left part of the window).

Different kinds of regions can be defined via the radio buttons:

» Thewholeimage
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* A rectangle, taking only integer pixels and with the border being along the spaxels selected
» A circle, for which the center and the radius are float values

All pixelsinside the circle are taken in account with aweight of 1, all pixels on the border of the
circle are taken in account with aweight corresponding to the part inside the circle (weight < 1)

When you select the "region" mode you define the region to select on the cube image by aclicking the
left button on the cube, drag the mouse with the button pressed, and a green contour will follow the
movement of the mouse. When you have the region you want, release the button. Y ou can move the
region after having drawn it by clicking on it to select it and drag it to an other place, you can modify
its shape by selecting one of the blue corner dots and dragging that.

Remark: at this date the CIRCLE modeisnot an ELLIPSE mode (even thought it is probably possible
to make the shape elliptical). When modifying a circle make sure you keep it as a circle, otherwise
the resulting spectrum will be slightly wrong.

To seethe result of your selection click on the " Show Spectrum™ button. The spectrum isdisplayed in
the plot section and is also sent to HIPE with a default name (see below).

Y ou can adjust the properties of the plot in the same way as with most plotsin HIPE.

if you want to see a new result after having—moved the selection; changed the method of selection
(rectangleticircle, or Region#whole image... ); modified a region (resized it for example)—then you
must click on "Show Spectrum” button again.

Also possible within this tab are:

» The same Save Script, Print as found on the single spectrum tab

* Aninformation bar

* A Save Data button which saves the spectrum in a multi-extension FITSfile

» The same smoothing options as offered with the single spaxel section. The smoothing information
must be defined before you click on the computation button

Remark: All single spectraextracted in thisinterface are sent to HIPE as as class Spectrum1D with a
default name: variable name of the cube + "regionspectrum_" the type of region selected ("whole" ,
"Rectangle" or "Circle"). The information about the location of the region selected are stored in the
metadata of the Spectrum1d.

If the CubeSpectrumAnalysisToolbox was opened from a command line the last average spectrum
extracted can be accessed with the method getAvgspectrum() (note: thiswill at some point change to
getAvgSpectrum()), for example:

# the CSAT was called up with

mycsat = CubeSpect rumAnal ysi sTool box()
# and then

spec = nycsat. get Avgspect rumn()

which returns a Spectrum1d.

5.2.8.3. Cube Manipulation
The Cube Manipulation menu has two entries:
» Spectral Range Extraction, for extracting smaller parts of the original cube.

* Integrated Map, for integrating over a selected spectral domain.
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Figure5.20. The Cube Manipulation menu
Spectral Range Extraction

This options allows you to select a particular spectral range and then save the cube over this spectral
range only. This menu also allows you to proceed to a spatial extraction. Note that this functionality
is still under construction.

After selecting this entry a new tab will open on the working side of the GUI.
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Figure5.21. The Range extraction window

This new tab contains a plot with the global spectrum of the cube and a parameter and information
section which shows the following:
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* two fieldswith the first and last spectral values of the cube
» Two buttons, one of which (Switch the Cube) is currently not functional

The wavelength limits shown on the plot are of the current cube, i.e. the original cube on first start-
up, and then updated each time you extract a cube on a smaller range.

Extracting a smaller cube with spectral limits

The main purpose of the cube extraction tool is the extraction of a smaller spectral range. To extract
acube on asmaller spectral domain do the following:

» Zoom in on the spectral range you are interested in with the usual mouse box selection on the plot
in the right part of the window (do not type numbers in the boxes). Y ou can zoom out by right-
clicking on the plot and choosing Zoom Out from the contextual menu).

 Click onthe Extract Limited Cube button, which will open a standard dial ogue window where you
can save your selection in FITS format. The behaviour will be the same if you choose to extract a
spatially limited cube (see below for details).

If you do not specify afile name, the cube is saved with the default name ext r act edCube_ + date
+ hour +. fits).Thecubeisalso sent back to HIPE, with the default namer angecube.

Extracting a cube with spatial limits

You can crop the cube spatially (in fact you can crop the cube on both the spatial and the spectral
dimension). To crop on the spatial dimension, select the Spatial Extraction checkbox (seefigure below)
located above the plot, next to the wavelength/frequency limits.Y ou can then select a spatial region
of the cube by dragging the mouse pointer over the image (in the image side) to draw a rectangle.
This feature comes in addition to the spectral selection i.e the resulting cube will cover the rectangle
drawn on the left and the spectral domain selected on the right (if you did not do a spectral zoom it
will retain the original range).

To select a spectral domain:

select a range on the global spectrum, and press the BExtract button
To select a spatial region:

select the "Spatial Extraction” and draw a rectangle on the cube

First wavelength: 5450395 | Last wavelength: [7726175| [ Spatial Extraction

| Extract Limited Cube || Switch the Cub

?DDE!III IIIIII:;II'-E.::I-IIIIII Illllllj
falalel |

Figure5.22. Therange of extraction and theradio button for the spatial extraction

After clicking on the Extract button the processisthe same as explained previoudy: the samewindows
appear and the cube is returned to HIPE. The default name is now r angespat i al Cube, of type
Spectral Si npl eCube.

If you opened the CSAT from the command line, you can access the last extracted cube via the
get RangeExt r act edCube() method.

Integrated Map
The Integrated Map menu item allows you to define a spectral range over which to integrate the

individual layers of the cube (or image dices). The result is a Si npl el mage (that is, a two-
dimensional product) and contains the sum of the individual layers for the given range.
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Figure 5.23. Theintegrated map interface
Theright part of the window is divided in three:

* AnlInfo & Parameters section, displaying the values and units of the spatial axis of the original cube
and two buttons, Display Global Spectrum and Display Integrated Map. This will be modified in
the next release of the CSAT.

» A Display section, which receivesthe result of the integration asone Si npl el nage per specified
range.

A Spectrum Plotter section, which showsthe global spectrum of the cube (average of all the spectra).
To integrate one or more ranges (or spectral domains) do the following:

1. Display the global spectrum in the Spectrum Plotter by clicking on the Display Global Spectrum.

2. On this spectrum choose the Select Range tool by right clicking and choosing Tools — Select
Range. Then with the mouse select one or more ranges to integrate.

3. Launch the integration by clicking on the Display Integrated Map button.

Note

@ Thistool only allows you to select separate ranges, i.e one range must end before the next
one starts, and there isno possibility to extract overlapping rangesin one step. However it
is possible to clean the selection after having integrated afirst set of integrated maps and
therefore to create a new set of images to integrate.

The resulting images are displayed in the same graphical component; if you selected many ranges the
images are "stacked" and can be selected by using the slide bar.

Every time you select a range and click on the button to integrate and display the resulting image,
these images are sent to HIPE as a set of new variables of type Si npl el mage.

If you opened the CSAT from the command line, you can retrieve the resulting images as a list of
images with the following command, which returns alist of images:
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a = cat.getlntegratedvaps()

The images can then be accessed like this:

imgl = a[1] # A Sinplel mage
5.2.8.4. Analysis menu

The Analysis menu is dedicated to analysis of the cube itself. All operations take the cube as primary
input and return a'scientific' result.

‘\(\F 3d_display.... jSpectral...uheiras X

anipulation gk Help

. —| Pasition Welocity Diagram  |s
Line Intensity Map er
cube comparison

Figure 5.24. The analysis menu
Position-Velocity Diagrams and Maps

This item allows you to make Position-Velocity (PV) diagrams from your cube. Selecting this will
open anew tab on the working side. From the radio buttons there you can chose between two modes:

 Axis, which works by allowing you to select a dlit along which the PV diagram is computed

» Map, which makes a 2D map where the intensity scale is the velocity values. This functionality
should only be used on "line scan” cubes (i.e. one spectral line in your spectrum). If you have a
range scan cube you should first select out a line scan (i.e. a single spectral line) to make a new
cube, and then on this cube open anew CSAT. This menu option is still under construction

For both modes you need to define, using the slide bar at the bottom of the working side, areference
layer. This layer will define the spectral value corresponding to the velocity "0" (zero) for the PV
diagram. Y ou will noticethat asyou movethisslide bar the red line on the plot on theimage side of the
GUI moves (at the moment you release the mouse button)#in this way you can "trandate" reference
layer unitsinto spectral units. Asyou move this slide bar the numbers in white boxes next to the Map
radio button will change, but you cannot change the numbers by typing directly in the boxes.

Input Data

The data for these velocity features can come with various units and physical meanings on the 3rd
axis: frequency, wavelength, or velocity.

When the data are in frequency or wavelength the velocities are computed using the non-relativistic
Doppler effect. When the data are in velocity the selection of the reference layer just shifts the zero
and the velocities are directly from in the cube.

Position-Velocity Diagrams

The "Axis mode" produces "position velocity maps' or "PV diagrams’. To compute such a map, the
user needs to provide:
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» An axis along which a spectrum is extracted

This is done by draging the mouse on the cube on the left part of the window, you must click on
the starting point of the line, release the mouse, drag it to the end point and click again. The line
appear in green on the cube.

» A reference layer in the cube to define the velocity O
Thisis done by choosing the displayed layer with the slide bar.

* Thelineyou draw definesasdlit with adefault width of 1 pixel. Thiswidth can be modified by filling
the dedicated field in the parameter section of the panel.

What the task actually does is create an averaged spectrum for the spaxels along the dlit you set:
for adlit width of 1 the spaxels selected are those that the green line you set actually goes through;
for awidth of 2, and additional 1/2 of the spaxels either side are selected, this meaning that the
spectra from these spaxels are selected but the intensities are weighted by 0.5; etc. for widths of 3
and gresater. It is then from this averaged spectrum that the PV diagram is created. Hence, awider
dlit will increase the signal-to-noise ratio of the spectrum the PV diagram is constructed from.

For data given in wavelength the velocities are computed using the usual v=c # #wavelength/
wavelength(ref). For data in frequency the velocities are computed using v=c # #requency/
frequency(ref) and are givenin m/s.

For both modesyou actually computethe PV diagram by clicking the " Compute V elocity Map" button.
Thiswill produce an image such as show below. For Axis mode the horizontal axisis offset from the
left side of the dlit you drew (or offset from the top if the dlitisdirectly up-down) and the vertical axis
is velocity on the left and colour scale on the right. For Map mode the two axes are the spatial axes
of the cube (in WCS units) and colour indicates velocity, with a colour bar on the right showing the
scale, which runs from maximum to minimum vel ocity.

Note

@ If the PV diagram you see looks to be too small it is possible you are on a super-zoom; try
panning out or zooming-to-fit using the magnifying-lens tabs below the PV diagram. If it
istoo dark, edit the cut levels (right-click on the PV diagram itself).

Note that currently one can only zoom on both axes at the same time; later we will allow for a zoom
on the axes independently. Also note that the PV diagram is constructed from the whole cube that is
currently show on the image side, i.e. over the whole spectral range you have. Therefore, it is likely
you have alot of velocities that are very large numbers! We are redesigning the GUI to allow you to
select a smaller spectral region from which to make a PV diagram, but currently if you want to do
this, you need to first create a new cube from a small spectral region (the Spectral Range Extraction
menu item) and run the GUI on that cube.
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Figure 5.25. Position-velocity diagram

Note

@ If the PV diagram you seelooks to be too small it is possible you are on a super-zoom; try
panning out or zooming-to-fit using the magnifying-lens tabs below the PV diagram. If it
istoo dark, edit the cut levels (right-click on the PV diagram itself).

Once you have created the PV diagram, you may wish to adjust the properties of the diagram. You
do thisin the familiar way, that is right-click on the diagram where you are offered options: edit cut
levels, edit colours, zoom, annotate, create screen shot (jpg), print, flip Y-axis.

Aswith all other tabs on the working side, you can Save Datain FITS format, and the dataare returned
to HIPE as a Simplel mage with a WCS containing velocities and offset along the axis.

Remarks:

» The "Save Script" button saves a jython script containing the sequence of commands that produce
the PV diagram, but it save also afits file with the list of spaxels defining the "dlit" to be read (i.e.
the dlit you chose).

» The graphical interface uses a task which reshapes the result of the PV diagram so that the aspect
ratio is compatible with the display geometry. In the script that "Save Script" products, the call of
this task will be commented out, so that you can have the actual image geometry as result of the
script.

This reshaping task is not part of the cube spectrum analysis toolbox and so it is not explained in
this document.

Velocity Map
The velocity map is a 2D image in which the intensity value of the pixels is the velocity of the
maximum of emission of the spectrum in the corresponding spaxels. To compute such amap the user

need to provide :

» A reference layer, thisis done by choosing the displayed layer with the slide bar.
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For data given in wavelength the velocities are computed using the usual v=c # #wavelength/
wavelength(r ef), for data in frequency they are computed using v=c # #frequency/frequency(r ef)
and aregiven in m/s.

The maximum of the spectrum, i.e. the peak of the spectral line, which correspond to theradial velocity
of the spectrd line, is found by fitting a gaussian to the line. It is therefore important that the cube
contains only one line of emission, otherwise the fitting will not work. If the origina cube contains
many lineit asto be "cropped" with the range extraction tool of the CSAT.

The actual computation of the velocity map is done by clicking on the "Compute Velocity Map"
button.
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Figure 5.26. Velocity map

A set of images is returned by the task. These are displayed in the GUI as stack of images in the
following order: velocity image, dispersion, layer maximum, flux maximum. The results can be sent
back to HIPE as new products (of class Simplelmage) by clicking on the button "Save as Product".
The products can also be saved as FITS using the button " Save as Fits"

A script to reproduce the same computation can be created with the button "Save Script”. This script
could then be launched from the HIPE command line by you.

Line Intensity Map

This GUI provides an user-friendly interface to create a 2D map of the integrated flux for one given
emission line.

The flux correspond to the integration of the fitted line after subtraction of the continuum (see
below). Thefollowing must be done:

» Optiona selection of the continuum to remove; define the degree of the polynomial and graphically
select the region(s) to use for thefit.

If you select "none" for the continuum, it is assumed that there is no continuum in your data, i.e.
that the base-level is at O (zero). If you try to fit a line with continuum that is offset from O but
select "none" for the continuum, the resulting fit will be wrong. Y ou should in this case select a
polynomial of degreeO.
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Selection of the profile model to fit (Gaussian, Voight, sinc)

Optional defintion of the initial guess for the fit parameters

Depending of the choices in the selection panel, the fit is done in the following way:

Step by step - steps 1 and 2 are skipped if you selected no continuum to fit:
1) fit the continuum

2) subtraction of the continuum

3) fit the spectral line

4) computation of the integrated flux using the resulting formula

5) creation of the flux map, dispersion map and "position of the max" map

This "position of the max" map stores for each pixel the position of the maximum of emission as
channel number (i.e. not in spectral units, but as array position)

At each of these steps various cubes are constructed: a continuum cube, a cube without continuum,
a fitted line cube, a residual cube. These cubes are al stored as Spectral SimpleCubes, and by
inspecting them you can check on the quality of thefit and therefore the quality of the line intensity

map
In only one step
A fit model is constructed by adding the continuum polynomial and the profile (including any initial

guesses). This summed model is used and the fit processis done for each spaxel. At the end of the
fit the various cubes previously mentioned are constructed

All the spaxels are processed in aloop following the same recipe.

Operation

At the selection of this feature (Line Intensity Map) in the menu the user must do the following:

fill the spectrum viewer by clicking on the button " Show Spectrum”
choose the continuum mode: no subtraction, polynomial based on selected region
choose the degree of the pylonomial

choose the model (only Gaussian at this date) and the mode "automatic" or "guess on the central
position”

(later it will be possible to do this on absortion lines by checking the absorption check box)

you can also select alimited areafor the result of the fit
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The computation is done by clicking on the "Integrate Intensity" button, and the integrated image is
displayed in the left part of the GUI.

The Button "Save Product" sends to hipe a set of products:
* continuum cube
* cube after subtraction of the continuum
* cube of thefitted line
» Simplelmage of the integrated map

Cube Comparison
This GUI alow one to compare directly spectrafrom two cubes for a spaxel at the same sky position.
The user can choose a new SimpleCube or a Spectral SimpleCube to compare to the one sheis current
looking at with the CSAT, either from the disc by loading a FITS file or, if the new cube to view
has already been loaded into HIPE, you can select it from a drop-down menu at the top of the cube

comparison tab. After selection the cube is opened in the CSAT.

When moving the mouse over the second cube image, the real time spectrum viewer displays the
spectrum from both cubes when the sky position is covered by both cubes.
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Figure 5.27. The cube comparison GUI

Since the two spectra are displayed on the same plot, the real time plot in the upper left part of the
CSAT, if the range the spectra cover on either plot axis differ significantly, it will be difficult to see
both spectra well. If possible, the system tries to show the layer corresponding to the same spectral
value for the two cubes. If the cube are too different in terms of their spatial coordinates the user is
warned via a popup window.

Running the tasks outside of the cubetool GUI

It is possible to run the tasks that the CSAT calls upon outside of the GUI, and here we will tell you
how. Thisis something that you should do only when you are comfortable scripting in HIPE, because
in the instructions that follow we assume you have aready done some scripting. It is also possible to
access on the HIPE command line the products that the cube tool creates, as has been explained in
previous sections, e.g. when you select the spectrum from a single spaxel.

5.2.9.1. Accessing the individual products

Asyou perform activitiesinthe CSAT (a.k.a. the cube toal), e.g. select out spectral or spatial regions,
the results are held in tabs on the working side; but they are also held in new products that you can
access from the HIPE command line or GUI.

» Asyou do things with the cube tool new products are created and are listed in the HIPE Variables
panel, with names similar to "singlepixspectrum”. (And then singlepixspectruml for the next
selection, then 2...). These should appear no matter how you started the cube tool, although it is
possible that with the still-under-construction version this will not work if you started via right-
click on your cube in the HIPE Variables panel.

* Inaddition, your creations are (supposed to be) stored in one of two separate products, also listed
in the HIPE Variables panel, that were created when you started up the cube tool. If you started
with click-selection then the product is currently called "cat", if you started from the command-line
(using the syntax of Sec. 2) theniit is called "mycuberesults’. However, currently "cat" containing
nothing useful and should be ignored.

The advantage of this is that you can access your cube tool creations outside of its GUI. As with
anything listed in the Variables panel in HIPE (and which we assume you are familiar with), you can
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inspect these new products by right-clicking and choosing one of the viewers offered. Y ou can also
use PlotXY; documentation for PlotXY isprovided in he HIPE help system.

Y ou can access these products from the command line with the syntax:

si ngl espectrum = nmycuber esul t s. get Si ngl ePi xel Spect run()

Here you are extracting into "singlespectrum™ the result of the last single spaxel spectral selection that
you did in the cube tool. The data type of "singlespectrum" is Spectrum1d. For each of the cube tool
products the python syntax for the "get" differs, thisis explained in the table below: on the left isthe
"get" part of the command (the one after "mycuberesults."), the middle is the data type this product
will be, theright is the cube tool command that created the product.

Table5.1. Syntax for extracting cubetool-products from the command line

getSinglePixel Spectrum Spectrumld single spaxel spectrum display
getAvgspectrum Spectrumld region spectrum display
getRangeExtractedCube SimpleCube range extraction
getlntegratedM apl mages ArrayList of Simplelmage Integrated Maps
getVelocityAxisimage Simplelmage position-velocity diagram
getVelocityMapCube SimpleCube position-velocity diagram

5.2.9.2. Details for specific tasks

This section is for those who may wish to incorporate the cube spectral analysis toolbox in their own
scripts or call up individual tasks that the GUI otherwise runs for you. Here we show you the calling
syntax and 1/O structure. Note that in almost al cases the units of the spectral dimensions are not
wavelength or velocity but layer/channel (i.e. array location).

Single spaxel selection

The task to extract a spectrum from a single spaxel is extractSinglePixel SpectrumTask and is
registered in HIPE as extractSinglePixel Spectrum, The task need 3 input parameters:

» simplecube, the cube (SimpleCube or Spectral SimpleCube)

» posX, the X coordinate of the spaxel we want the spectrum of
» posY, theY coordinate of the spaxel we want the spectrum of
The coordinate must be spaxel, not in sky, coordinates.

The output parameters are

« finalspectrum, the spectrum stored as a Spectrumld
 spectrum, an array (1d) of the fluxes stored as a Doubleld
So to extract the spectrum from spaxel (4,5) use:

myspect r umrext r act Si ngl ePi xel Spect run( si npl ecube=nycube, posX=4, posY=5)
# or
myspect rumrext r act Si ngl ePi xel Spect run(si npl ecube=nycube, posX=4, posY=5). spectrum

where

* mycubeisin SimpleCube format
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» PosX,Y arethe X,Y coordinates of the spaxel

and the first command creates output in Spectrumld format, with meta data (taken from the input
cube) and the second creates a spectrum of Doubleld without meta data. The spectrum has columns
of flux, weight, flag, segment (segment for now isjust a placeholder, its value everywhere hereis 1)
and wavelength, thislatter being in the same unit that your SimpleCube had.

Notethat if you typed thefirst command and then realised you wanted in fact the second output format,
then away to do this faster than running the second command isto rather type now

nmyspect ruml=ext r act Si ngl ePi xel Spectrum spectrum

because as long as you have not run "extractSinglePixel Spectrum” since running it the first time, this
method does not re-run the task on your cube but simply extracts out the result in a different format.

Multiple contiguous spaxel selection

The task to extract a spectrum averaged over a set of spaxels is extractRegionPixel SpectrumTask
and is registered in HIPE as extractRegionPixel Spectrum. The task needs 2 or 3 input parameters,
depending of the type of extraction we want.

» simplecube, the cube (SimpleCube or Spectral SimpleCube)

» wholelmg, a boolean which defines the type of extraction we need: the whole image (True) or a
set of spaxels (False)

» posArray a Double2d array, of dimensions [somenumber, 3] which contains the X,Y coordinates
of the pixel to read and the weight of these spaxelsin the averaging process

Each line contain the information in this order: X Y weight
The output parameters are:
« finalspectrum, the spectrum stored as a Spectruml1d
» spectrum, an array (1d) of the fluxes stored as a Doubleld
To extract the average spectrum from the whole cube use:

# output as a Doubl eld containing the flux
nmyspect r unrext r act Regi onPi xel Spect run(si npl ecube=nycube, whol el ng=Tr ue)
# for SpectrunlD format for the output type then after that
nmyspect rumld=ext r act Regi onPi xel Spectrum fi nal spectrum
# or just type (on a single line)
nmyspect rumld =
extract Regi onPi xel Spect r unt( si npl ecube=mycube, whol el ng=Tr ue) . fi nal spect rum

Note that you can create a Double2d with wavelength and flux from the Spectrum1d output:

fl ux=nmyspectrunid. flux # in Doubl eld format
wave=nyspectrunild. wave # in Doubl eld for mat
spect rum=Doubl e2d()

spectruni O, : ] =wave

spectruni 1, :]=fIl ux

To extract an average spectrum from aregion you need to make a Double2d array with columns of [X
Y weight], to indicate which spaxels to select, and starting with entry [0 0 0]. Weight will determine
by what fraction the spectrum from each X,Y will be multiplied in the average, i.e. can be considered
to be an area-weight. Assuming that this array has the name "foo":

# out put as Doubl eld
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nmyspect r unmrext r act Regi onPi xel Spect run{ si npl ecube=nycube, whol el ng=Fal se, posArr ay=f 00)
# or Spectrumld, type just after that
nmyspect rumld=ext r act Regi onPi xel Spectrum fi nal spectrum
# or only type (on a single line)
nmyspect rumld =
extract Regi onPi xel Spect run(si npl ecube = nycube, whol el ng = Fal se,
posArray = foo).final spectrum
# and you can al so see the effective area in spaxels you have extracted
t ot al Wi ght =ext r act Regi onPi xel Spectrum t ot al Wi ght

Smoothing filters
Thisis along sequence of commands:

filt=FilterSpectrunTask()
filt.rawSpectrum = nyspectrum

filt.spectral Di mensi on = -"Physi cal nmeaning of the spectral axis”
#is a string
filt.spectralUnit = -"unit”

filt.sizeO Spectrum = si zeOf Spectrum

# sizeOf Spectrumis just an integer that is the |Iength of the spectrum
filt.speclndex = specl ndex

# speclndex is a Doubl eld, previously created, containing the spectral
# values for the flux

filt.nodel Filter = -"GAUSSI AN’

# nodel to use

filt.widthFilter = 10

# width of the filter in units of array/channel, not spectral units
filt.execute()

# and t hen

FilteredSpectrum = filt.filteredSpectrum

# is the Doubl eld array containing the filtered flux
MaxVal ueFi t Spectr = filt.nmaxVal ue

# is a double

PosMaxFit Spectr = filt.maxPosition
# is an integer

The input is a Doubleld, here called "my spectrum” containing the fluxes of the spectrum, i.e.
something you created before. For example, if you extracted it using the single/region extraction
commands given above and put it in "final spectrum”, you then just need to type:

nmspect rumef i nal spect rum get Fl ux()

Spectral range selection

The task doing the spectra (and/or spatial) extraction from an origina cube is
RangeExtractionTask(). It creates smaller cubes.

Theinput parameters are :

» simplecube, Cube. Thisisthe original cube from which we want to extract a part

» startindex, Integer. The index of the first layer to put in the output cube (i.e. the wavelength/
frequence range to select over). This value is the index, not the spectral value of the layer; this
alows oneto usethistask on al kind of SimpleCubes, even if the 3rd axisis not spectral

» endindex, Integer. Theindex of the last layer in the output cube. Thisvalueis also index

» Crop, Boolean. This parameter activates the "spatial extraction” when it is True. When False you
are doing a spatial extraction of the whole cube but over alimited wavelegth/frequency range.

» Xmin, Integer. Minimum x spaxel coordinate for the spatial extraction

» Xmax, Integer. Maximum x spaxel coordinate for the spatial extraction
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* Ymin, Integer. Minimum y spaxel coordinate for the spatial extraction
* Ymax, Integer. Maximum y spaxel coordinate for the spatial extraction

There is a coherency check between the crop value and the Xmin Xmax Ymin Y max parameters. If
crop is true the coordinates parameters must be filled.

The output parameters are:
* rangeCube, a cube containing the result of a simple spectral extraction
» specRangeCube, a cube containing the result of a spectral and spatial extraction

e error, an integer containing the error code value if a PB occurred: only for interna use and not
explained here

* log, astring to store the description of the error

This is currently rather awkward to run in HIPE, but if you really want to, next we provide some
developer-oriented exampl e scripts.

Since this task can be used to selecting a sub-spectral range for the whole cube or to extract on a sub-
spatial domain AND a sub-spectral domain, we give here an example of each.

Only spectral range extraction:

rangeext racti on=RangeExtracti onTask()
rangeextracti on. si npl ecube=nmycube

rangeextraction. start| ndex=200

rangeextracti on. endl ndex=600

rangeextraction. Crop = Fal se

rangeextraction. perform)

# access the results

resl=rangeextraction. rangeCube #result is stored in a SinpleCube
errcode=rangeextraction. error

| ognmssg=r angeextracti on. | og

Spatial and/or spectral domain extraction:

rangeext racti on=RangeExtracti onTask()
rangeextracti on. si npl ecube=nmycube
rangeextraction. start| ndex=200
rangeextracti on. endl ndex=600

rangeextraction. Crop = True
rangeextraction. Xmn = 1
rangeextraction. Xmax = 8
rangeextraction.Ymn = 3
rangeextraction. Ymax = 9

rangeextracti on. perform)

# access the results

resl=rangeextraction. rangeCube #result stored in a SinpleCube
res2=rangeextraction. specRangeCube # result stored in a Spectral Si npl eCube
errcode=rangeextraction. error

| ognmssg=r angeextracti on. | og

Integration Map

The task making an integrated map from an cube is IntegrateM apFromCubeTask(). To run on
the command line the integration map you need to create 2 arrays of spectral values. The graphical
interface helps you to do this but if you know well the structure of your cube you can prepare these
arraysyourself. Thefirst array storesthe starting indices of the integration domains, the second stores
the ending indices of these domains. For integrating only on one domain the arrays contain only one
element each.
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The input parameters are:

* cube, Cube. The cube from which we wish integrate

* nbStack, Integer. The dimension over which the integration is taken

e startArray, Doubleld. The array of thefirst indices of each stack of images to integrate
* endArray, Doubleld. The array of the last indices of each stack of images to integrate

For example, if startArray is (10,40,80) and endArray is (20,50,120) and the 3rd dimension is the
wavelength/frequency dimension you want to integrate over, then nbStack will be 3. The integration
must always be done on the spectral dimension.

The output is

» images, an arrayList of Simplelmages (i.e. the class of imagesisarrayList, which contains products
of class Simplel mages)

Here is an example of acall to this integration map task for the extraction of 3 integrated maps:

i nt egr =l nt egr at eMapFr onCubeTask()
i nt egr. cube=nycube
#startarray and endarray store the indices of the layers, not their spectral val ues

startarray = Doubl eld(3)
startarray. set (0, 10)
startarray. set (1, 400)
startarray. set (2, 800)

endarray = Doubl eld(3)

endarray. set (0, 60)

endarray. set (1, 600)

endarray. set (2, 860) #i .e. here assunming that the depth of the cube is > 860
integr.startArray =startarray

i ntegr.endArray =endarray

integr.nbStack = 3

| stinmages = integr.perform()

#results

print |Istinmages.size() #returns 3 if everything went well

#access the results:
i mgel= | stimages[ 0] #i magel is a Sinpl el nage

The returned images of thistask contain in their header information on the central spectra value and
the bandwidth over which the integration was made.

» The bandwidth or size of integration is stored in the keyword BANDWIDTH

» Depending of the details of the original cube the central spectral valueis stored in the keywords:
« WAVELENGTH if the spectral dimension was wavelength
« FREQUENCY if the spectral dimension was frequency
¢ VELOCITY if the spectral dimension was velocity

e SPECTRAL VALUE if there was no physical dimension available in the cube
Velocities
The operation on velocities are al donein the Task positionVelocityDiagram(). Thistask can be use

for the PV diagram and the velocity map, therefore there is 2 way to use it and each usage will be
described separately.
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PV Diagram

To run on the command line for Axis mode you need to make alist of the spaxelsto be read into the
task, with columns [index, X, Y, weight]. This list of spaxels define a"dit" so there is an axis and
awidth. The "Index" is the offset along the dlit from the beginning, and if the X and Y arein order
thiswill smply be0,1,2,3..... For dlit widths >1 all the spaxels of one "column” have the same index.
For example, your "list" can be: [0;4;0;0.5] on the first line, [0;5;0;1] on the second, [0;6;0;0.5] on
thethird.....

Theinput parameters of the task are:

» simplecube, Spectral SimpleCube, the original cube; as thistask needs spectral information it work
only with a cube of this class

» axis, a boolean that defines the usage of the task. For the PV diagrams (for the "axis' mode) it
must be True

 coordSlitArray, Double2d. The array listing the spaxelsto be read
» nbpixelsAxis, Integer. The length of the dlit

 referencelayer, Integer. The array layer for the velocity O (the array being the dimension that
contains the spectral values, e.g. frequencies)

The output parameters are
* velocityMap, Double3d. Used only for the "map" mode (so see next section)

» velocityMapAxis, Double2d. A 2d array containing the PV diagram without meta data: but should
not be used

 velocityMapAxisProd, Simplelmage. Thisisthe PV diagram stored as an image with an adapted
WCS (first axis offset along the "dlit", second axis is the spectral units)

» cubeVeocityMap, SimpleCube. A cube which contain the velocity map, the dispersion map, the
"layer map" (map of the layer index corresponding to the velocity maximum) and the flux map (the
flux corresponding to the velocity maximum. This parameter is not output if using the axis mode

» VelocityMapL ist, listArray of Simplelmages. The contents of the previous parameter split into
separate Simplelmages, with compatible WCS for each image

The command for the computation of a PV diagram is therefore:

# for output of type Doubl e3d
vel oci tyMap =
posi tionVel oci t yDi agr an( si npl ecube=mycube, axi s=True, coordSlitArray=li st,
wi dt hSlit=1, nbpi xel sAxi s=15, r ef er enceLayer =200)
# for output of type SinpleCube you then type
cubevel oci t ymap=posi ti onVel oci t yDi agr am cubeVel oci t yMap
# and to access other parts of the creation
vel oci t yMapAxi s = positionVel oci tyDi agram vel oci t yMapAxi s # Doubl e2d
vel oci t yMapAxi sProd = positionVel ocityDi agram vel oci t yMapAxi sProd # si npl el nage

The only interesting result is vel ocityMapAxisProd since this one contain the metadatawhich are very
useful for you to understand what you have created.

Velocity Map

The Velocity Map mode computes a 2D image of the same dimensions as the spatial dimensions
of the cube. The values of the pixels are the velocities at each spaxel; other maps are aso
computed at the same tme. The velocity map and its associated products are obtained via the task
positionVelocityDiagram().
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TheVelocity map iscreated by fitting to every spectrum a Gaussian line; the vel ocity map corresponds
to the peak position of the resulting fit.

A dispersion map is computed using the sigma output parameter of the Gaussian fit.
A "layer of maximum" map is also created, which allows the user to check quality of the result.
Finally amap of the flux at the maximum is created, which also allows for quality checks.

These results are also gathered together in aList of Simplelmages, thislist being the output parameter
velocityM apAxisProd.

Line intensity map

The line intensity map computation is done in the task LinelntensityMapTask(). The input
parameters for thistask are:

 cube, Cube. The cube from which we wish to compute aline intensity map
» continuumSubtraction, Integer. The continuum subtraction mode: 0=no subtraction; 1=fit on an
region of the spectrum (this mode needs the parameter regionStartArray and regionEndArray to be

filled); 2=continuum subtraction combined with the line fit in one model

* regionStartArray, Doubleld. The array of the first indices of the regions to be used for the
continuum subtraction

* regionEndArray, Doubleld. The array of the last indices of the regions to be used for the
continuum subtraction

» PolyDegree, Integer. The degree of the polynomial for the continuum fit

« fittmodel, String. The name of the model to be used for the line fitting. In the first release only
"Gaussian” is available but in the future Voight profile and sinc will be added. The name of this
parameter will soon changeto "fitModel" (one "t")

* mode, String. At present isjust a placeholder

» centralPos, Double. The guess at the central position, in layer (array position) value, not
wavel ength/frequency

» RangeForFitt, Doubleld. An array containing the limit on the validity domain for the fit: is used
to rgject fal se detections. Must contain 2 values, the lower and the higher limit, in layer units (array
position). The name of this parameter will soon change to "RangeForFit" (one"t")

» typeOfLine, String. A string which says if the line to fit is an emission line (value="emission")
or an absorption line (value=currently anything other than "emission"”, but later this may change
to "absorption™)

The OUTPUT parameters for thistasks are

* linelntMap, Simplelmage. The main output, the map of theintegrated flux on thefitted linewithout
continuum

« fittedLineCube, SimpleCube. The cube containing the final fitted line, without the continuum
 continuumCube, SimpleCube.The cube with the fitted continuum

» cubeWithoutContinuum, Cube. Contains the original cube after subtraction of the continuum
cube: each spectrum has been rectified
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» residualCube, Cube. The residual cube which contains the "cube minus continuum minus fitted
line"

This task was not designed to be used directly from the command line but if you really want to use
it, it can be used with a script such asthis:

I'i nei nt ensi ty=Li nel ntensityMapTask()

| i nei ntensity. cube=nycube

I'i nei ntensity. continuunmBubtraction=1

startarray=Doubl eld(2)

endar r ay=Doubl eld( 2)

#sel esct a first range from10 to 40 and one other from 80 to 140
startarray. set (0, 10)

startarray. set (1, 80)

endarray. set (0, 40)

endarray. set (1, 140)

lineintensity.regionStartArray=startarray

I'i nei ntensity. regi onEndArr ay=endarr ay

I'i nei ntensity. Pol yDegr ee=2

lineintensity.fittnodel ="gaussian"

lineintensity. execute()

linemap = lineintensity.linelntMap. copy()

fittedLi neCube lineintensity.fittedLi neCube. copy()

cont i nuuntCube I'i nei ntensity. conti nuumCube. copy()

cubeW t hout Cont i nuum |'i nei ntensity. cubeWthout Conti nuum copy()
resi dual cube =l i nei ntensity. residual cube. copy()

Importation Task

ImportSpectralCubeTask and ImportCubeTask are two tasks which alow on to load into HIPE
cubes stored as FITS fits. These cubes can be SimpleCube or Spectral SimpleCube class, or can be a
"standard cube (i.e. cubes from other instruments).

These tasks are automatically used when the user click on " Open File" menu, because of the automatic
task interfacein HIPE. When the user creates an empty SimpleCube or Spectral SimpleCube and select
the import task in the "Applicable tasks" panel of HIPE, thisiswhat happens.

These task can also be used from the command line to manually fill acube. Both tasks have the same
number of parameters, the script to use them are aimost the same, so we will explain here the usage
of importCubeT ask.

Theinput parameters are :

» SimpleCube or SpectralCube. The empty cubeto fill, also the output of the task, asthis cube
ismodified by the task

+ filename String. The complete filename (path+name ) of the FITS file to open
The importcube task can be use viaa set of commands:

d=Si npl eCube()
i mport Cube(si npl ecube=d, fi |l enane="/hone/ agueguen/ _Wor kHi pe/fitsfil es/
si npl eCube_sinfonie.fits")

The task importspectralcube must be called in the same way.

Remark on Gui without specific tasks (cube Comparison)

The cube comparison tool is a graphical feature which doesn't have a specific associated task.
This GUI uses various tasks already explained here (ExtractSinglePixelSpectrumTask and
I mportSpectral CubeT ask) and tools coming from other packages of HIPE. It isanyway more viewer
than a selection, extraction or computation tool and it doesn't create or save anything.
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5.2.10. SpectralSimpleCube panel for the spectrum
explorer

5.2.10.1. The spectrum explorer

The spectrum explorer is a powerful tool to display and analyse Herschel spectra. All spectrum
container data can be show in this toolbox.

Spectrum containers
A spectrum container can be seen as a set of one or more spectra.

Spectrum containers containing many spectra may have spatial coherency, cover a large spectral
domain for the same sky position, have many segments and so on.

Graphical interface

The graphical interface of the spectrum explorer is split into two areas:

300 — —
250 = —
200 —
150 —

Flux

100 —
50 - —

i | | | | |
57.0 57.1 57.2 57.3 57.4 57.5 57.6

LINEAR (pm)

ALL O

Figure 5.28. The graphical interface of the spectrum explorer
The upper part allows you to zoom, select spectra and so on (see the spectrum explorer section).

Thelower part in its default mode show the list of the spectrain the spectrum container, with oneline
per spectrum. Thislist can become extremely long for large cubes.

For spectrain a cube corresponding to different sky positionsit is not easy to identify which spectrum
correspond to which position.

SpectralSimpleCube panel

It ispossibleto define panelsfor thelower part of the spectrum explorer. These panel can be registered
for a given type of spectrum container. The Spectral SimpleCube is a spectrum container, o it is
possible to define a panel for thistype of spectrum container.
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The following figure shows the panel for Spectral SimpleCube.
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Figure5.29. The panel for SpectralSimpleCube

From this display its possible to select one or more spectra to be shown in the upper part (spectrum
plotter) by right-clicking on the display and choosing the selection mode, either rectangle region or
single pixel.

» Inthesingle pixel mode, every click selects anew spaxel. Click on a selected spaxel to unselect it.

 Currently the region mode offers only rectangular shapes.

With these two modes you can select arectangle and then remove pixels from inside it, thus creating
a selection with holes.

5.3. In depth

5.3.1. Fitting spectra from the command line

1. Create an instance of the fitter. Let us suppose that your spectrum is assigned to a variable called
dat a.

from herschel .ia.tool box. spectrumfit inport SpectrunFitter
sf =Spectrunfitter(data)

Assume that the data looks as shown in Figure 5.30.
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Observation
backend; WBS-H, activeband: 1b, lofrequency: 627.9998, sds_type: chopsc
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Figure5.30. Test datatofit. Start the SpectrumFitter

. The SpectrumFitter is an interactive tool and is best used in conjunction with the SpectrumModel
tool, which allows you to select (and change) models and fitting parameters. The three models you
are most likely to use are Gaussian, Lorentzian and Polynomial; the model fits, their parameters,

and their usage in the SpectrumFitter tool are summarized in Table 5.2:

Table5.2. Modd fits, their parametersand usage in the SpectrumFitter tool

80 90 100

110

M odel Mathematical fit Parameters Usage
Gaussian e _ailt 8y = amplitude of line |sf. addMbdel
fl= e {555} xo = location of line | 9auss’,
peak [ a0, x0, s0])
Sp = width of line
(sigma)
Lorentzian po = amplitude of line |sf. addModel
U - R : :
10 - =) pL=location of line | lorentz’,
peak [ PO, p1, p2])
p2 = half width at half
maximum of line
Polynomial f(xX) =cg+cix+...+ |n=orderof sf . addMbdel
(o polynomial (*poly', [n],
Co .. Cn = polynomial [cO,cl, ...,
coefficients cnl)
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Notethat you must know (roughly) whereyou expect aspectral featureinyour datato be, in addition
to its expected shape and approximate shape parameters. So, an initial guess is required - if this
guess is completely wrong you may end-up fitting noise rather than your spectral lines.

Now, fit first the baseline with a polynomial and then fit the line with a Gaussian.

# First the baseline

# Apply the nodel

nmodel =sf. addModel (" poly', [2],[0,0,0])
# Do the fit

sf. doFit()

# I nspect the residual after the baseline is renmoved
sf.residual ()

# Keep the fit

sf.fitOK()

# Now the line

sf . addModel (' gauss', [1.0,30,0.1])

sf. doFit()

sf.residual ()

sf.fitOK()

These stepsresult in the plot below. A black line (not seen here) displaysthe model and isreplaced
by a green line showing the fit (the Gaussian model here). Thered lineisthefinal fit for the entire
spectrum. Theresidual is shown in a separate plot.

Observation
backend; WBS-H, activeband: 1b, lofrequency: 627.9998, sds_type; chopsc
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Figure5.31. Fit result. Fit resultsfor spectrum

3. It is possible to do both fits at the same time, globally, since the instance of our SpectrumFitter
remembers what it has done so far.

sf.dod obal Fit()
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Observation

backend: WBS-H, activeband: 1b, lofrequency: 627.9998, sds_type: chopsc
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Figure 5.32. Global fit. Use the modelstogether in a global fit

4. It is aso possible to mask data. The following will do a polynomial fit only using data from O to
20 and from 40 to 100.

nodel =sf . addMbdel (' poly', [2],[0,0,0])

# After you've created the nodel, add the nasks
nodel . set Mask(0, 20)

nodel . set Mask(40, 100)

To best see how this works, include this masking in the example given above.

After you have added amask, you can also remove and invert it. Y ou do thiswith theunset Mask
andi nvert Mask methods, respectively, as shown in the following code:

# Renmove the first mask set in the previous exanple
nodel . unset Mask(0, 20)

# Invert the remaini ng mask

nodel . i nvert Mask()

After the above code, the mask will cover the whole spectrum except the (40, 100) interval.
5. Thefitted model parameters and their standard deviations are printed to screen with:
print sf
6. It ispossible to manipulate the models produced by SpectrumFitter in various ways:

e If you wish to change the initial parameters of any of the models (nodel =
sf. addMbdel (.. .)), use setParameters:

nodel . set Paranmeters([...])
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A new fit will be made on thefly.

There are two ways to remove models:

sf.renoveMdel (M

Or:

m renove()

Subtract the model from the dataset:

sf. subtract Model (M

This also removes the model from the fitter tool.

Once you are satisfied with afit, you can set the fitted parameters as the default for the models:
m useResul t s()

This may be useful when using the same models for afollowing dataset.
To apply them to a different dataset:

sf . set Dat a( ot her Dat a)

Note that this replaces the data held in the SpectrumFitter with the Spectral Segment held in the
variable 'otherData. Once again, the fit will be redone on thefly.
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Chapter 6. External tools

6.1. Summary

6.2. How to
6.2.1. Interoperating with the Virtual Observatory

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

The most relevant technology at this point is the integration of applications. In practica terms, the
integration means being able to view and manipulate data in one application, 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. The technology currently used for this interaction is Plastic, to be replaced in
2009 by SAMP. Plastic and SAMP arevery similar, but Plastic wasintended as a prototype and SAMP
consolidates the protocol, resolving various minor issues. HIPE version 2.0 supports both Plastic and
SAMP. Support for Plastic will be dropped in afuture version of HIPE.

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

All ESA archivesare VO-aware aready, but accessto VO-aware archivesin HIPE isnot available yet.
Aladin provides an interface already to many data sources (such asthe ESA archives). Soitispossible
to access the ESA archives by retrieving the data using Aladin and sending it to HIPE from there.

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

The HIPE main window provides the File — Interop, with options to register with a hub (a hub will
be started automaticaly if none is found to be running aready), unregister from the hub and send
products to other applications.

To send a product from HIPE to another application, such as VOSpec, launch the other application.
The button External Tools on the HIPE Wel come page listsanumber of VO applications, and provides

buttons to launch the applications (among these are Aladin and VOSpec). In HIPE, choose File -
Interop — Connect to the VO to connect to the Plastic and SAMP hubs. An icon at the lower right

corner of the HIPE window shows whether the VO connection is active ( e ) or inactive ( e ).

Note
@ If the above command givesan error, you havefound abug inthe software. Pleasereport it.
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http://www.ivoa.net
http://aladin.u-strasbg.fr/aladin.gml
http://www.sciops.esa.int/index.php?project=ESAVO&page=vospec

External tools

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

To send aproduct you first have to select it, for example by selecting its corresponding variablein the

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

An application may appear with two entries, onefor Plastic and onefor SAMP. Y ou can choose either
option to send a product.

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

Y ou can disconnect from the hubs by selecting File — Interop — Disconnect from the VO.

When you select File - Interop — SAMP Hub Status the following windows appears:

SAMP Hub Monitor

( Clients rReceived Messages rSenI Messages |
4

rClients p rldentity

€ HIPE O Public ID: [hub

{#; HubMonitor O -Metadata

Ve VOSpec O samp.name: -~
[Hub

samp. description. text:

|nrg.astrogrid.samp.hub.BasicHubSem’ce
samp.icon.url:

|http:;;12 7.0.0.1:42052 jexport/1/hub.p
author.mail:

|m.b.ta~,-1nr@brisml.ac.uk

(EREE e snnnaa] ||

4 F

raubscriptions
samp.app. ping

@ @ % Q Unregister frorm Huk ﬁ

Figure6.1. 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.
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Appendix A. Demo scripts

Thisis a collection of many (but not al) of the available scripts all over the system. The collection

is organized by package.

Y ou can find these scriptsin thedoc/ i a/ deno/ scri pt s/ directory of your HIPE installation.

Note that the hyperlinks below do not work in the PDF version of this manual, but only in the browser-

based version.
Demo files
Si | e.

hel p_deno. py

sessi on_i nspector. py

| oggi ng_deno. py

save_restore_deno. py

nuneri c_whati snew. py

nuneri c_deno. py

nuneri c_2D deno. py

nuneri c_reshapi ng. py

nuneri c_shifting. py

nuneric_slicing. py

convol uti on_deno. py

fit denpl. py

fit _denp2. py

fit denpn3. py

fit denp4. py

fft_ deno. py

boxcar _deno. py

gaussian _filter_deno. py

Overview of Jython capabilities

Demonstration of help facility

Demonstration of session inspector facility.
Demonstration of jconsole's message logging facility.

Demonstration of the save and restore of data feature in
Jeonsole.

Demonstration of how to use the new functionalities of the
numeric library from Jython.

Demonstration of how to use the 1D functionality of the
numeric library from Jython

Demonstration of how to use the 2D functionality of the
numeric library from Jython

Demonstration of how to use the reshaping functionality of the
numeric library from Jython

Demonstration of how to use the shifting functionality of the
numeric library from Jython

Demonstration of how to use the dicing functionality of the
numeric library from Jython

Demonstration of how to use the convolution functionsin the
numeric library

1) Demonstration of how to perform fitting from the numeric
library

2) Demonstration of how to perform fitting from the numeric
library

3) Demonstration of how to perform fitting from the numeric
library

4) Demonstration of how to perform fitting from the numeric
library

Demo of FFT functionality
Boxcar filtering demo

Gaussian filtering demo
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../../hcss_drm/ia/demo/scripts/simple.py
../../hcss_drm/ia/demo/scripts/help_demo.py
../../hcss_drm/ia/demo/scripts/session_inspector.py
../../hcss_drm/ia/demo/scripts/logging_demo.py
../../hcss_drm/ia/demo/scripts/save_restore_demo.py
../../hcss_drm/ia/demo/scripts/numeric_whatisnew.py
../../hcss_drm/ia/demo/scripts/numeric_whatisnew.py
../../hcss_drm/ia/demo/scripts/numeric_2D_demo.py
../../hcss_drm/ia/demo/scripts/numeric_reshaping.py
../../hcss_drm/ia/demo/scripts/numeric_shifting.py
../../hcss_drm/ia/demo/scripts/numeric_slicing.py
../../hcss_drm/ia/demo/scripts/convolution_demo.py
../../hcss_drm/ia/demo/scripts/fit_demo1.py
../../hcss_drm/ia/demo/scripts/fit_demo2.py
../../hcss_drm/ia/demo/scripts/fit_demo3.py
../../hcss_drm/ia/demo/scripts/fit_demo4.py
../../hcss_drm/ia/demo/scripts/fft_demo.py
../../hcss_drm/ia/demo/scripts/boxcar_demo.py
../../hcss_drm/ia/demo/scripts/gaussian_filter_demo.py

Demo scripts

i nt erpol ate_deno. py Demonstrates iterpolation

mat ri x_deno. py Demo of matrix functions

dat aset _deno. py Demonstration of how to use datasets and create products
asci i _deno. py Demonstration of Import/Exporting of ASCII tables. The

data file asci i _denp_dat a. t xt is also required to run
this demo. You can find it in the dat a/i a/ deno/ dat a
subfolder of your HIPE installation.

fits_deno. py Demonstration of Import/Exporting of FITS data

i mgeExanpl el. py Demonstration of general image functionality. The image file
ngc6992. j pg is required to run this demo. You can find
it in the dat a/i a/ deno/ dat a subfolder of your HIPE

installation.
i mageExanpl e2. py Shows how to create an image from asimple numeric 2d array.
t ask_exanpl e. py Demonstration of how to write atask
task_array. py Demonstration on how to pass an array to a task.
t ask_stop. py Demonstration on how to stop atask.
Test Pl ot XY. py Demonstration of the new PlotXY capabilities
Test AXi s. py Demonstration of how to use PlotXY Axis
Test Annot ati on. py Demonstration of how to use PlotXY Annotations
Test Styl e. py Demonstration of how to use PlotXY Styles
Test Conposi t ePl ot . py Demonstration of how to compose plots
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../../hcss_drm/ia/demo/scripts/interpolate_demo.py
../../hcss_drm/ia/demo/scripts/matrix_demo.py
../../hcss_drm/ia/demo/scripts/dataset_demo.py
../../hcss_drm/ia/demo/scripts/ascii_demo.py
../../hcss_drm/ia/demo/scripts/fits_demo.py
../../hcss_drm/ia/demo/scripts/imageExample1.py
../../hcss_drm/ia/demo/scripts/imageExample2.py
../../hcss_drm/ia/demo/scripts/task_example.py
../../hcss_drm/ia/demo/scripts/task_array.py
../../hcss_drm/ia/demo/scripts/task_stop.py
../../hcss_drm/ia/demo/scripts/TestPlotXY.py
../../hcss_drm/ia/demo/scripts/TestAxis.py
../../hcss_drm/ia/demo/scripts/TestAnnotation.py
../../hcss_drm/ia/demo/scripts/TestStyle.py
../../hcss_drm/ia/demo/scripts/TestCompositePlot.py
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