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1 Introduction

1.1 Purpose

This document describes the design for Release 1 of the NGST Scientist’s Expert Assistant
(SEA). It contains a non-technical analysis of the underlying astronomical concepts, as well as a
technical description of the software design model. This document was written for the Advanced
Architectures and Automation Branch of the NASA Goddard Space Flight Center.

1.2 Audience

The design portions of this document were written with the assumption that the reader is familiar
with object-oriented software engineering concepts. Familiarity with the Java programming
language was also assumed. The sections related to the conceptual model, however, were written
for a much broader audience and do not require software engineering knowledge.

1.3 Applicable Documents
1. NGST Sientist’s Expert Assistant (SEA) Phase | Summary, October 1997.

2. NGST Scientist’s Expert Assistant (SEA) Requirements Document, February 1998.

1.4 Document Organization

This document is organized into four main sections. Section 3 summarizes the high-level
requirements that drove the design. Section 4 describes our analysis of the underlying
astronomical concepts. Section 5 contains the detailed design model. Finally, section 6 contains
Java-specific implementation details.

2 Overview

The SEA is aresearch effort to explore the feasibility of developing Java-based Visual Tools, and
a Rule-Based Expert System to assist NGST scientists. It targets the Phase Il proposal process,
for which proposing scientists are currently required to provide extensive spacecraft and
instrument parameters to specify their requested observation. The goal of the SEA is to
communicate with the scientist in scientific language and guide them through the proposal
specification process.

Object-oriented techniques have been applied throughout the SEA design. Exclusive use of the
Java language helps to promote these techniques. In addition, the Unified Modding Language
(UML) has been used whenever possible to enforce these techniques and to clarify the design.
An iterative process of requirements gathering, analysis, and design has been applied.
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3 Requirements Summary

This section summarizes the high-level requirements for the Scientist’s Expert Assistant. See the
SEA Requirements Document for a more detailed description of the requirements.

3.1 Functional Requirements

3.1.1 Overview

The SEA will provide the ability to construct Phase |1 proposals for HST’s Advanced Camera for
Surveys (ACS), and ultimately the Next Generation Space Telescope (NGST). It will allow less-
experienced users access to the proposal through an easy-to-use interview process while allowing
experienced users full control in accessing the entire proposal. The SEA will use expert system
technology to insulate the user from instrument knowledge as much as possible. The user will be
encouraged to express their proposal in terms of the science that they wish to achieve, rather than
the instrument parameters necessary to achieve that science. Finally, the SEA must be easily
available over the World Wide Web, and must not require any client software other than an up-to-
date Web browser.

3.1.2 Proposal

The user will be able to create a new proposal, load an existing proposal from a file, save a
proposal to a file, and submit a completed proposal. The user will also be able to output their
proposal to a printer or to a text file. A proposal may include multiple exposures which may be
organized into multiple visits. Multiple proposals may be open at the same time, and the user will
be able to copy items from one proposal to another.

3.1.3 User Interface

The SEA will contain two main user interfaces: an interview interface for less-experienced users,
and a browser interface for experienced users. These interfaces will be completely separate from
the proposal that they are modifying. Indeed, the user will be able to switch between them at any
time while working on the same proposal. The browser user interface will allow the user
maximum control over the proposal. The user may jump to any area of the proposal at any time.
Multiple editors for different proposal areas may be open at once. When the user makes a change
to any area of the proposal, it will automatically be propagated to the rest of the proposal.

The user interface will employ visual techniques to communicate information wherever possible.
The Exposure Time Calculator, for example, will contain graphs that the user may manipulate in
real time. Also, the Visual Target Tuner will present an image of the area surrounding the target,
allowing the user to specify position and orientation visually by selecting and dragging icons in
the image.

Help will be built into the SEA. The user should have easy access to online documents related to
the proposal process and the operation of the SEA. |In addition, the tool should allow the user to
receive help on any individual component in the tool by selecting that component. Help
documents will be HTML-based.
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3.2 Hardware requirements

Because the SEA uses advanced software technology, it requires a relatively recent machine to
execute smoothly. For the Windows 95/NT environment, at least a 166 MHz Pentium PC with 32
MB RAM isrequired. For the Solaris environment, at least a 166 MHz SparcStation with 32 MB
RAM isrequired. For the Macintosh environment, at least a 150 MHz PowerPC machine with 32
MB RAM isrequired.

3.3 Software requirements

Because the SEA is written in Java, it should run on any platform that provides a compatible
implementation of the Java virtual machine. If the user opts to run the SEA as an applet, the user
must have a Web browser that supports version 1.1.4 or later of the Java Development Kit (JDK).
The SEA will initially support Netscape Navigator from Netscape Communications and HotJava
from Sun Microsystems. If the user runs the SEA as a local application, the user must have
installed a Java virtual machine that supports version 1.1.4 or later of the JDK.




NGST SEA Design Document

4 Conceptual Model

This chapter will focus on describing the various "concepts’ that we believed are involved in the SEA in
non-technical analytical terms. The conceptual modd is presented in a top-down fashion with a high-level
look at the model and the focusing in on the more detailed pieces.

4.1 High Level
At the highest level, the SEA will have three main areas:

External / Multiple
Proposal
Management

Proposal

The Proposal contains all the information for a single proposal, this includes such items as specifications
for one or more exposures, information on grouping and ordering of the exposures, knowledge for
validating the proposal.

The Interfaces domain contains all the various means for editing a proposal. This will include the various
Graphical User Interfaces (GUI) whether they be interview-style or browser-style.

The External domain will include concepts such as managing multiple proposals and transmitting proposals
to other sites.

4.2 Proposal Data Model

This group of concepts focus on the definition of a proposal and the various astronomical concepts
contained in a proposal.

4.2.1 Proposal

The Proposal contains all the information for executing a Phase Il observing program. This includes
descriptive information about the proposal such as title, authors, and abstract and a series of exposures that
are grouped into Visits. It also includes the knowledge for validating the current proposal data and for
evaluating (and possibly rgecting) changes.

The"core" of the proposal isalist of one or more Visits.
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Proposal
déscriptive info such Instrument has one
as principal scientist, Observator housing framework for one or more or more Detector
contact scientist, . —\Lf o all detectors, a set of filters, and criteria for —"one is device that
abstract, title, etc, \ Info common 1o a | what filters may be used on what detectors, "active” records
and a list of all the Instruments in a single other data common to all detectors of an photoelectric
A . observatory: mirror size, ;
Visits it cohtains / ” instrument counts to make
atmospheric conditions A
has one hasone has one Imaggs
or more hasone or more
one is
. “"active" .
Visit Filter
set of exposures Exposure filters light to a
grouped by Single image of Target using an instrument detector based on
common primary ';?Sm‘;’r‘g for a specified amount of time, or to achieve shape or
target a desired SNR. has one wavelength
has\one Target Offset
Target offset of Target within the constraints of
) —g— . movement within a Visit
Astronomical target: includes location, type,
info about emission characteristics
has one
hasone
has one
Morphology . Spectrum Normalization
shape and size of an object; for . . = o ) - s
extended objects may include intensity of an object's emissions over adjusts brightness at a specific
intensity variation across the object) Wavelengths. Can be formula, or list of valués wavelength
and wavelengths
4.2.2 Visit

Inthe simpleform, a Visit is collection of related exposures that share a common primary target. Whilethe
individual exposures may small offsets, the telescope should be able to execute all of the exposures in a
single visit using the same target "locks" (for HST, this means using the same set of guide stars). In the
initial releases of SEA tools, the Visit will remain very simple. As the "Visit Planner” gets designed and
developed further, the Visit will gain additional knowledge about ordering and validating its group of
EXPOSUres.

4.2.3 Exposure

An Exposure combines the information necessary to specify a single image. This includes configuration
specifications for the instrument, information about the target to be observed, other specifications about the
observatory and observing conditions, and the length of time of the exposure. In addition the exposure
should be able to calculate various predicted photon counts and their sources that are accumulated in the
image. Thetarget for an exposure should be the same as the parent target for the Visit, or an allowed offset
from that target that means the constraints of remaining within the visit

4.2.4 Instrument

An Instrument contains the specifications for a single instrument involved in a single exposure. It includes
identifying the selected detector, filter, and additional instrument configuration parameters. It will also
include characteristics of an instrument including such things as a list of the detectors it contains, the filters,
the valid assignments of filters to detectors.
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4.2.5 Detector

A Detector contains information specific to a single detector. This includes things such as width and height
in pixds, the size of a pixel, and information about the detector's sensitivity and its bright limits.

4.2.6 Filter
The Filter contains information and knowledge specific to a particular filter.

4.2.7 Astronomical Object

An Astronomical Object is an entity in space that is the target of an observer. An astronomical object has
information such as a location, and distance and velocity rdative to the earth, a shape and size, a spectral
model, and normalization factors to adjust the spectral modd's brightness and redshift to the specific object.
For the SEA one the key issues is how intensely an object emits light in different places at different
wavelengths For defining this, an object has:

A Morphology which defines its shape and size and its intensity a different points within the object;

a Spectrum which defines how the object radiates at different wavelengths and possible different

places,

and a Normalization which adjusts the spectral mode for brightness and at user specified wavelength.

a distance or redshift value.

All of these combine to determine what actual observed emissions from the astronomical object are likely
to be.

Caveats: the description does not currently provide for an object whose emissions vary over time. Nor does
it accommodate a larger astronomical object that might have an entirely different spectral emission pattern
at different places.

4.2.8 Morphology

An astronomical object has a defined shape or Morphology. This can be as simple as "point source®, or a
"flat" circle of a specified diameter. Or it could be more complex as in the case of a galaxy.

4.2.9 Spectrum

Describes an set of emissions across a series of wavelengths. Several standard spectral models exists such
as Power-Law, and Black Body. In addition a Spectrum can be based on a series of measurements made on
a specific object. An object's actual spectrum is modified by its normalization, redshift, and sometimes in
morphology to determine the "observed” spectrum.

4.2.10 Normalization

The Normalization of an spectrum adjusts the spectral modd's intensity based on a specified intensity at a
specific waveength.

4.2.11 Observatory Parameters

The Observatory contains information and knowledge that pertains to an observatory and is common to all
of its instruments. This include things such as primary mirror size and other attributes, atmospheric data.
The Observatory should know how to return information about the primary mirror, and how background
light and noiseis affected by the atmosphere or other attributes of the Observatory.

In the case of NGST and HST, zodiacal light (background emissions deflected from the sun) and earth
shine (background emissions related to the earth) are two important parameters.

While this concept needs to be modelled, we do expect that the information contained in the observatory
parameters to be modified very much by a user.
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4.2.12 Aperture

The Aperture defines information about the shape and size of the viewable area of an instrument
configuration (including the detector and filter applied).

4.2.13 Wavelength

Contains a wavelength value and its defined unit of measurement. A waveength will also know how to
convert its value to other units of measurement.

4.3 Use Cases

The following Extended Use Case Diagram illustrates the cases that comprise the creation of a
proposal. The user is represented by a single actor, the scientist or General Observer (GO). The
actor initiates the “ Create Proposal” use case. Each use case represents a specific sequence of
events that occur when the user interacts with the system. If a“ <<uses>>" arrow exists from use
case A to use case B, it indicates that A is dependent on and requires B. If an “ <<extends>>"
arrow exists from use case A to use case B, it indicates that B may also contain A.

D

Load Existing Proposal

O Output Proposal

Submit Proposal

Scientist

<<uses>> <<uges>> <<uses>> <<uses>>

Supply Proposal Summary Crgate Each \(sit

Supply # Visits Check Validity

Plan the' VISI%%
<<uses>> ©

feate/Each Exposute Supply Observatory Parameters

Order Exposures

o O O

Supply Target Offset Supply Orientation Constraints Supply Instrument Parameters Supply Exposure Time

Supply Target Supply # Exposures

Specify Constraints




NGST SEA Design Document

5 Design Model

The description of the design model is organized into five sections. The first describes the
notation used in the class modd diagrams. The second illustrates the user interface (Ul) design
with examples of the main dialogs and descriptions of the underlying Ul concepts. Thethird
section describes the high-level design, emphasizing the breakdown of the SEA into subsystems
and how those subsystems interact. The fourth section explains the inner workings of each
subsystem by describing the classes contained within them. Thelast section illustrates how these

classes interact with each other.

5.1 Diagram Notation

Thefollowing notation is used in the class diagrams throughout this section.

Classes and I nterfaces:

Clas=

=

Non-abstract class

AbstractClass

=

Abstract class

<< Interface>>

=

Interface

ClassA

ClassB

=

Inheritance. Class B inheritsfrom, or extends, Class A.
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<<Interface A==
—Y
|
|
|
|
Clas=sC
=

Implementation. Class C implements Interface A.

Variablesand Methods:

Public or Package Variable
Private Variable

Protected Variable

Public or Package Method

Private Method
Protected Method

THeERe

5.2 User Interface

One of the main goals in designing the SEA is that it be flexible enough to appeal to users with
varying degrees of experience in writing proposals. The SEA should be the ideal tool for
scientists who have never submitted a proposal before and want to be guided through the process.
Y et the SEA should also be the ideal tool for experienced scientists who know how the proposal
process works and want more flexibility in working with the tool. To that end, the SEA includes
two different modes for working with the proposal.

5.2.1 Interview Mode

The interview mode allows the user to write their proposal through a series of steps. Each step
will ask the user information about the science that they want to achieve. This information will
be fed into the expert system which will determine how the information translates into a proposal.
The user interface for this mode will be a Wizard, a commonly used technique on the Microsoft
Windows platform that asks the user a series of questions and allows the user to step forward or
backward in thelist of questions. The user may switch between the interview mode and the
browser mode at any time.
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B} SEA Interviewer M=] &3
Applet
Goals | History | Browssr | THE HUBBLE SE -iL*ETE[-F‘\-LIIPE
- Enter Summary Information |s
Advan ced Camera

- Enter Observatory Paramets FUORSURVEYS
- Select Primary Target
B Exposure 1-1
: -Set Target Offset
onhfigure Instrument
- Set Exposure Time

- Create Mew Exposure
- Create Mew visit

Interview Question

What basic type of observation do want to make?

(" Spectroscopy 0 Coronography  © Polarimetry & Irmaging

What central wavelength arwawvelength range are you interested in?
|52IJ-53IJ nm

Comments

Elmaging i5 supported on all three of ACS' cameras. Your wavelendgth is
gsuppnned on four ofthe filters that can be used by two of ACS' detectars, WWFC
jand HRC..

| [ <Back | Mext= | Finish | cancel | Help |

Thisis an example of what the interview window might look like. The area on the left would
contain alist of goals with the current goal selected. The area on the right would contain
instructions and questions for the user to answer. 1n some cases, a simplified version of a
Proposal Browser editor might be used, for example when determining the exposuretime. In
most cases, however, the expert system would generate a list of questions represented as entry
fields or choice boxes. The interview window also includes a comments section that contains
notes on the user’ s choices and how they affect other goals in theinterview.

5.2.2 Browser Mode

The browser modeis intended for users who understand the proposal process and want maximum
capability in editing their proposal. In this mode, the user views the proposal with the Proposal
Browser window. This window resembles the Microsoft Windows Explorer interface, allowing
the user to quickly navigate through the proposal by selecting elements in a tree view of the
proposal.

10



NGST SEA Design Document

BY SEA E =] E3
File Edit ¥Yiew Tools Help

Al 2|
| &30 beeryation. prop | Expozure Time Calculator - Expozure 1

|| Propasal
i__] Proposal Summary

Graphs i
_| Inztruments @ I Da?f__;,__omlm?f | e

E_Ijgh':tgsg | [signat-Naise Ratio »] 77 Log?
: o L1 StariMearkE3
= Visit 1 00 -
=1 Target [M&3]
----- | Mew Target
o] Tune Target

----- .| Obsz. Parameters
=1+ Exposure 1
ol | Target Offset [ME83-3]

E|_\| Instrument [ACS] 107
- _\l E:-:|:||:|:E:I_JI'E= Tirme
----- .| Expozure 2

11 i i

0l 1 10

¥ Log? ITime - seconds j
Time:l33.93?3 SNR:IQQ.Q Cuunts:|10929
|Modified: 12/2/97 1:32pm | 4

On the left, the contents of the proposal are represented as atree. Please note that in the final
release, the generic folder icons will be replaced with icons that represent specific areas of the
proposal. When the user sdlects anitem in the proposal tree, the editor for that item will appear
on the pand to theright. The user may jump to any area of the proposal at any time. This
technique allows only a single editor to be open at once, similar to a pagein a Web browser. To
overcome this limitation, the Proposal Browser also allows the user to open an editor in its own
separate window by double-clicking on the item in the proposal tree, or selecting an® Openin
New Window” option from the menubar. This allows the user to have many different editors
open at once. Inthis case, all editors are linked to the proposal such that if the user makes a
change in one editor, it is automatically propagated to all other editors.

5.2.3 Concepts
Thefollowing are key concepts that have guided the design of the user interface:

5.2.3.1 Automatic change propagation

The SEA design enforces the idea that if the user makes a change in one area of the proposal, that
change is automatically propagated to all other areas of the proposal. If, for example, the user has
both the Exposure Time Calculator and the Target Selector open, and they change the target type
from a Point Source to an Extended Source, the Exposure Time graph would automatically
update to reflect the properties of the new target.

11
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5.2.3.2 Drag and drop

Drag and drop will be supported wherever possible. The user should be able to, for example, copy a target
object from one exposure to another exposure by dragging it. We are investigating using the Drag and
Drop API in the Java Foundation Classes.

5.2.3.3 Navigation history

The SEA should maintain a history of the user’s navigation decisions, and allow the user to go backwards
and forwards in that history. This would be similar to the history feature found on most Web browsers.
The arrow buttons shown at the top left of the previous images would serve this function.

5.2.3.4 Help
The SEA will have three different kinds of help:

52341 Global Hep

Global help will consist of HTML documentation accessible from the Help menu. This might include a
user’s guide, or reference documentation related to the proposal or instrument.

52342 ToolTips

The SEA will support Tool Tips-style help. This has become a standard feature in most applications, where
a small one-line description of an item is displayed at the cursor if the cursor pauses for a few seconds.

5.2.3.4.3 Context-Sensitive Help

Context-sensitive help allows the user to get help on any user interface item by clicking on a help icon and
then clicking on the item in question. Clicking on the item displays a small window of HTML
documentation related to the item or the contents of the item. This should be very similar to the context-
sensitive help feature found on Windows 95/NT. The question mark icon shown at the top left of the
previous images would initiate the help operation.

5.2.4 Exposure Time Calculator

The Exposure Time Calculator (ETC) generates real-time interactive graphs showing Signal-Noise Ratio
and Source counts across a range of exposure times and wavelengths. The user can manipulate the graphs
by zooming in or out of specific areas. The user can also specify what type of data is displayed in the graph
by selecting a data type from the choice boxes at the graph’s axes. Selecting a point on the plot causes its
data value to be inserted into the corresponding entry field on the bottom of the ETC. Because these fields
display the most important data: exposure time, signal-to-noise ratio, and source counts, they are always
shown. The graph, however, can be replaced with a tabular view of the graph data by selecting the  Data’

tab. Likewise, sdecting the“ Options” tab replaces the graph with a series of options that allow the user to
tweak the display of the graph. The* Graphs’ tab returns to the graph display. The following image shows
the ETC with the “ Graphs’ tab selected.

12
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5.2.5 Visual Target Tuner

The Visual Target Tuner (VTT) allows the user to visualize the area surrounding the target and to tune the
target position. The VTT also allows the user to specify constraints for the orientation of the instrument.
These constraints are specified as points or regions to include or exclude from the exposure. The SEA can
then calculate the set of valid orientations given those constraints. The overriding design goal for the VTT
isto create a highly visual and interactive environment for dealing with the position of thetarget. The user
should be able to easily move around the target area, zoom in or out of the visualization, identify objects
on the visualization, and be able to drag the target to change its position. A future release of the VTT will
allow the user to perform a centroid fit of the target position. This later release will also simulate image
artifacts such as diffraction spikes and CCD bleeding, and will provide the ability to show a mode of the
target areaaswedl asa FITS image.

13
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% Target Selector
Edit

YWindows

Yiew Options

Fiss: l13h34m11s Dec: |-29d26md2s Exposure Time: l:aus Select... |

This sample of an early VTT prototype illustrates the more important user interface concepts. The
visualization is clearly the most important item and thus contains most of the window area. One or more
FITS images of the target area are contained within the visualization, along with a simple crosshair to
indicate the current position of the target. The target position is also shown as a set of coordinates in the
bottom of the window. The user may change the position by dragging the target or changing the values in
the entry fields.

The visualization shows two concentric circles: the inner circle contains the area that will be included
regardiess of the orientation, and the outer circle contains the area that may potentially be included.
Orientation constraints are specified by selecting the inclusion or exclusion tool, and then sdlecting either
an object or region in the visualization. Areas that must be included in the exposure are shown in green.
Areas that must be excluded are shown in red. In the future, the tool will visually indicate the set of
possible orientations, perhaps by shading the areas that will be excluded from the exposure. The user can
also open the Orientation Constraints window to see how their constraints affect the schedulability of their
proposal. They may monitor how the schedulability changes as they alter their inclusion and exclusion
pointsin real-time.

The upper |eft corner of the VTT window contains the set of tools that may be used on the visualization. In
addition, certain visualization options may be set using items under the “ Options” menu. The “View”
menu provides access to secondary VTT windows. Theseinclude:

14
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an Orientation Constraints window that shows the inclusion and exclusion points as a
table. This window also displays summary information about the schedulability of the
proposal given the current set of constraints.

an Image Chooser window that allows the user to specify the FITS image files to be
shown in the visualization. The user may choose from the images retrieved from an
astronomical database, or may specify alocal imageto use.

an image tools window that allows the user to manipulate the images contained in the
visualization. Images may be adjusted by changing their brightness, contrast, color table,
or toggling the negative of the image.

5.3 Architecture Model

This section describes the overall architecture and structure of the various classes in the SEA
system. Following a high-level overview, well work down through the class hierarchy in greater
detail.

5.3.1 High Level Overview

At a high-levd, the classes in the SEA are broken down very similarly to the conceptual layout.
This trend is reflected in the package structure of the objects as they are implemented in the Java
language. The classes are grouped as follows:

- Science Objects: these classes represent the objects in the Proposal data model. The focus of
classes here is on the science and data contain in the data moddl. Emphatically, user interface
related information is NOT a part of these classes.

Expert System Objects: this grouping contains classes that provide an interface between the
Science Objects and the Expert System engine. It includes classes that support the
management of the questions and answers for the Interview user interface.
User Interface Framework: this grouping contains the classes that implement the user
interface components for the browser and interview windows. It includes classes that provide
a user interface presentation layer onto objects in the proposal data model.
User Interface Modules: user interface components that allow the user to view or edit a
particular area of the proposal are called Modules. Each modul€'s classes are contained in a
separate package. Theinitial release of the SEA will include:
Exposure Time Calculator: this module currently provides an interface to the Exposure
object and preliminary viewers for Instruments and AstroObjects. The exposure time
calculator is the first of the browser modules to be implemented. Its prototype
implementation has served as a design test-bed. This design description is for the
original prototype release.
Visual Target Tuner: this module provides an interface for visualizing the target area and
allowing the user to tune the target position and specify orientation constraints.
Target Selector: this module provides an interface for searching astronomical databases
and retrieving target information. The user can then use that information to choose a
target.
Instrument Editor: this module provides the browser-style interface for configuring the
instrument. Because it allows the user to edit individual instrument parameters, it is
intended for users who are familiar with the instrument.
Proposal Summary Editor: this module provides the browser-style interface for editing
proposal summary information.

15
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Component Viewer: this module shows an icon view of the contents of an arbitrary
component of the proposal. It is used when no editor exists for a given area of the
proposal.

The design of the modules is intended to allow a data moddl to be updated either in browser mode
or in interview mode. This allows the user to use the style of update that suits them best and
different parts of the development process. It also provides a framework for allowing the various
components to be developed in parallel and allows a system framework to be prototyped before
all the various viewers are completed.

5.3.2 Science Objects

The science package contains all classes that represent astronomical concepts or data. Every
class in the Proposal data modd is such a class. Many of these classes correspond to one of the
specific astronomical concepts described in the Conceptual Model. All of these objects classes
inherit from the root ScienceObject class. The following diagram shows the inheritance tree for
the science package.

L Astmihjert Crardinaies [T Deizciar hlarphaligy L Termalier | L Waoelength
5 El

AsiraEse | Exposzre | L Tastrament Vil | Filser
2 ) H B |
i)
Instrumeri 5T Tpactrum L E
5ci -ll
o [ | | |
SpectrumFla | L SpecrnmPowerlar Specsuntaide L Specirumb b kHniy
i iz} 2|
el 7
Lccsnmﬂq:{hm> CGIPster | ﬁpulr'Li-lﬂ‘ L s.un-rL.smu- | L s.m-n|.mm
o

.
= [
=1 [

5.3.3 Expert System Objects

The design of the Expert System was not complete at the time of this writing. We have decided
to delay delivering an Expert System design until we become more familiar with the Advisor/J
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product. An addendum to this document will be ddivered on our Web site
(http://aaadev.gsfc.nasa.gov/NGST Protos/) within the month. ' You may also request a hardcopy
by sending e-mail to Jeremy.E.Jones@gsfc.nasa.gov.

5.3.4 User Interface Framework

The main SEA user interface is represented as a proposal browser or interviewer, depending on
the mode selected by the user. Both the proposal browser and the interviewer are windows that
allow the user to modify a proposal. Both windows contain Modules which allow the user to
view and edit a specific area of the proposal. The following diagram shows the classes that
comprise this package and their inheritance relationships.

<<Module Context>>

ImTT T T lmmmmmm e T TT T TT T TS 1
1 | 1
1 | 1
1 | 1
1 | 1
<<NavigationComponeniListeners> BrowserFrame ModuleFrame InterviewFrame
= Z'}‘ =l = =
1
1
1
1
ionTree PropesalNavigaiion Launchsgpplet
= = =
Hp tFvent Navigati p t Module ModuleFacto:
= = =l ﬁx =
ComponentViewer TargeiSelector InstrumentEditor OhservatoryEditor RawProposal Viewer
= =] = = =
Exposure Calculator TargetTuner VisiiPlanner BackgroundEditor
=1 =1 =1 =1

This diagram shows that the various parts of the proposal each have an editor class that inherits
from Module. Module is a subclass of java.awt.swing.JPane and can be inserted into any of the
Frame classes shown. An additional design goal was to allow an individual module to be reused
as an applet on a Web page, rather than as part of the SEA. To accomplish this, the
ModuleContext interface was created, and the SEA frames implement this interface. A Module
may be contained in any object that implements the ModuleContext interface, and an applet can
easily do this.

5.3.4.1.1 Proposal Navigation

The proposal browser presents the overall structure of the proposal to the user. This structure
loosdly corresponds to the internal structure of the proposal data mode, but differences exist
between the internal structure and the structure that should be presented to the user. To separate
these two structures, another data mode was created to insulate the user interface from the
underlying proposal data model. ProposalNavigation accomplishes this. Instead of user interface
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objects connecting directly to the Proposal object, they connect to the ProposalNavigation object.
The ProposalNavigation object connects to the Proposal object.

User Interface Object

Proposal ProposalNavigation
47
User Interface Object

ProposalNavigation contains NavigationComponents that loosely correspond to the separate
ScienceObjects contained within the proposal. Each NavigationComponent contains a
descriptive name and icons. It also knows how to launch the appropriate editor for its underlying
ScienceObjects.

5.3.5 User Interface Modules

5.3.5.1 Exposure Time Calculator

The Exposure Time Calculator (ETC) has served as a testbed for the SEA design. A standalone
prototype of the ETC has been built and is the basis for this design modd. It includes prototypes
for items that will later become separate modules, such as the instrument editor and target
selector. Thefollowing diagram shows the classes that comprisethe ETC.
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ExposureCalculatorApplication J Exposure CalculatorApplet J

= =
Exposure CalculatorApplication.SymAction J ZF Z% Exposure CalculatorApplet.SymAction
[ - =
Exposure CalculatorApplication.SymWindow
# B STISExp Calc Application STISEspCalcApplet
& = £
NGSTExpCaleApplication NGSTExpCalcApplet
= =
Dialog &siro Ohject DialogExvironment Dialognstrument ExposureCalculatorPanel E‘
o &t a E] ¥ it El

Dialog AstroOhject.SymAction DialogEnvironment.Symltem Dialognstrument. Symliem ExposurealcilainrFanel Symie
& c B C B 2

Dialog Asire Ohject.SymFocus DialogEmvironment.5ym Window J DialogInstrument. SymWindow Exposure CalculatorPanel.SymFi
& 5] ] [E] = Ll

Dialog AsiroOhject.Symltem DialogInstrument.5ymFocus Exposure CalculatorPanel. Symlt
o [ ¥ ] o

Dialog Asiro Object.SymWindow DialogInstrument.Symaction
cl =] o &

ExpCalcAhoutDialog ExpCaleQuitDialog ExpCalcLine Chart
[ = #] ]

Exp Cale AbouiDialog . SymAction ExpCale QuitDialog SymWindow

- B - B ExpCalcThroughput
]
Exp Calc AhouiDialog SymWindow ExpCale QuitDialog SymAction

5.3.5.2 Visual Target Tuner

The Visual Target Tuner (VTT) allows the user to visualize the target area and tune the target
position. It also allows the user to specify constraints on the possible orientation of the
instrument. The VTT is implemented as a subclass of Module. It mainly consists of a large
canvas area (TargetTunerCanvas) that contains the visualization of the target area. Most of the
VTT implementation is contained within the visualization canvas. The VTT also includes dialogs
that allow access to additional features for manipulating the visualization (ImageChooserFrame,
ImageT oolsFrame, and InclusionExclusionFrame). The following diagram shows the high-level
classesinthe VTT package.
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TargetTuner Image Canvas ToolPalette
= = =
Image ChooserFrame ImageManipulaior
= Astrolmage Canvas =
=
ImageToolsFrame FitsTmage
=l =
TargetTunerCamvas
=
InclusionExclusionFrame CoordinatesPanel
=l =l

5.3.5.3 Target Selector

TargetSelector is a subclass of Module that provides a user interface to various astronomical
databases. The TargetSdector pand contains a set of input fidds where the user can specify
search parameters. The user can also select a particular database (NED or SIMBAD) to search, in
which case a new AstroDatabaseClient of the proper type is created. When the user sdlects the
“ Search” button, TargetSelector asks the AstroDatabaseClient to initiate the search. It receives
results through the AstroDatabaselistener interface, which TargetSelector implements. This
allows the search to continue in a separate thread and the results to be ddivered asynchronously.
Once the results are received, they are displayed in the TargetTable where the user may select
targets and add them to the list of proposal targets or assign a target to a particular visit.

<< AgtroDatabaseListeners> Modula << AstroDatabase Chent>>

AstroDatabaseFvent TargetSelector NedClient SimbadClient

=1 [l =1 =1

TargeiTahle

5.3.5.4 Instrument Editor

The Instrument Editor allows the user to edit individual instrument parameters. It includes a
single class, InstrumentEditor, that is a subclass of Module. InstrumentEditor is an abstract class
that would be implemented for each type of instrument, since each instrument has its own
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parameters and rules for validation of those parameters. Subclasses will display selectable
widgets for each of the parameters contained within the corresponding Instrument object. These
parameters include CCD, filter, binning, gain, and CR split.

5.3.5.5 Proposal Summary Editor

Proposal SummaryEditor is a subclass of Module that allows the user to input summary text
information about the proposal, such as contact information for the General Observer (GO) and a
textual explanation of the proposal goals. These items are shown as simple text fields that the
user can edit.

5.3.5.6 Component Viewer

The design of the Component Viewer is quite simple. ComponentViewer is a subclass of
Module, and since Module is a subclass of java.awt.JPand, the component viewer already
contains the necessary drawing area for rendering icons. ComponentViewer includes a reference
to the NavigationComponent that it represents. It draws the contents of the
NavigationComponent using the icons stored within the NavigationComponent’s children. It also
provides a text entry field where the user may rename the Proposal data object specified by the
component. ComponentViewer traps mouse events on the drawing area to determine if the user
double-clicks on an icon. If so, ComponentViewer asks its ModuleContext to launch the

appropriate Module for the selected icon.
Science Ohject
@ hildren 5.4 Design Class Model
@ﬂftenir; This section describes the most important SEA packages in
D oo detail. The important classes in a package are described,
EepCreateDate . . . . Lo .
: along with diagrams illustrating the principle operations,
EppLasthlodified . .
data members, and relationships to other classes.

Epp atme
EppH o amelndex

®3cienceObject 5.4.1 Science Package

‘ScienceDbject

:add@hﬂd _ 5.4.1.1 ScienceObject

,:&ﬁ:ﬁmﬁc}lmgeummr ScienceObject is the parent class for all of the scientific

® ioinie object classes. It provides common functionality for all the

®cquals classes in the science data model. Thisincludes:

$firePropertyChangs maintaining common properties such as name, creation

®zetCreateDate date, last modification date, and annotation text

% zetLasthodified providing support for property change handling,

$zettlame support for managing member (child) objects

"getﬁnnntatinn

®hashtableEquals Support for property change handling is integrated with

®propertyChange support for managing child objects. If a subclass of
P readObject ScienceObject (say, Instrument) wants to maintain a child

PremoveChild

“remmrerp ettyChangelistener

®rezethlodifiedDate
®savessText
®oavessText
B¥setCreateDate
i % setlasthlodified
@ zetllame
®setinnotation
®toString

object (say Detector), it should avoid managing the child
object itsef, and instead register the child by use of
ScienceObject's  addChild(childobject) method. Once
added, the ScienceObject will handle such tasks as
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persistence of the instance's children, propagating change information to and from children, and
ensuring that children are properly handled when replicating the object.
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5.4.1.2 Instrument

Science Ohject

5]

i

Instrument

BafDetectoss

Bo pCurrentDetector

Bovoollmaging
By pBitning
Bo pCRaplit
& pCiain
% Instrament
% [natrument
% clone
% equals
& getAllDetectors
% getBinning
@ cetCRIplit
% getDetector
@ cetDetector
@ zetCrain
®islmaging
YoavesisText
% setBinning
% et CRSpit
© setDetector
® setDetector
® cetain
® setlmaging
& todtung

= E
i

Detector

Instrument5TIS
ol [] E

Filter

An instrument is responsible for
information and actions related to a
specific instrument within an observatory.
Each instrument has a list of detectors,
knows its currently selected detector, and
has additional properties such as:

CRSplit, the number of independent
images that would be taken with the
current configuration.

Binning, the aggregation of pixes
within the instrument's detectors.

Instrument includes functionality that
should be common to all instruments.
However, it is expected that a subclass of
Instrument will be needed for each
specific  instrument  supported  (i.e
InstrumentACS would extend Instrument).
These subclasses will provide support for
parameters unique to ther specific
instrument, and might override default
behavior.
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54.1.2.1 InstrumentSTIS

Instrument

InstrumenisSTIS

e detCrod
@ detfuyhlama
& detMuvhlama

@ Instrument3TI3
@ clone
% equals

=

1101

Deiector

5.4.1.3 Filter

Science Object

[E

T

Filter contains informati
Currently this informatio
and a descriptive name.

when thefilter is defined.

Filier

EopHeight
EopLonghl ame
B0 Width

@Filter
@Filter
@ ecpuals
@ zetHeight
% zetLongtame
% zetWidth
=] [#]

5

The InstrumentSTIS is a subclass of
Instrument to handle the STIS instrument
within the Hubble Space Telescope. It has no
additional functionality beyond Instrument,
but does contain three detectors each of
which has alist of filters.

on related to a filter within an instrument.
n is limited to the properties of width, height,
Each of these properties is read-only except
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5.4.1.4 Detector

Science Ohject

= =

T

Detector

ErpFilters
ErpCutrentFilter

B¢ pBrightlimit

B BrightlimitOnelmage
e D arkCurrent

e Light

Ee P oeliize

A FPlatedcale

P oint3ourceFunction
B Read oiseF actor

B pWidthInPizels

[#]

Filier
|$|

B

®Detector

®Detector

% addFilter

@ clone

@ equals

@ zetaAllFilters

@ zetBrightLimit

@ zetBrightLimitOnelmage
@ zetDarkCurrent

@ getFilter

@ getFiltett ames

@ zetLight

@ ZetPixelize

% getPlatedcale

@ getP ointBourceFunction
@ getReadt oiseFactor

% getWidthInPizels

@ setFilter

® setFilter

=

Detector contains information and
knowledge pertaining to an instrument's
detector. Currently, a detector contains
a list of valid filters and the currently
selected filter. It also contains the
following read-only properties (defined
when the detector is created):

BrightLimit: the maximum number
of photons the detector can accumulate
in a single pixed across multiple
"splits”.

BrightLimitOnel mage: the
maximum number of photons the
detector can accumulate in a single
pixe in a single image or split.

DarkCurrent: the amount of dark
current inherent in the detector.

PixelSize: the size of a single pixd
in the detector (assumed to be square).

PlateScale: the platescale of the
detector.

PointSourceFunction: the PSF of
the detector. NOTE: while this is
currently a single value, it may grow in
the future to be a true function based on
one or more other parameters.

ReadNoiseFactor.

WidthinPixels: the width of the
detector in pixes (assumes a square
detector). Note that Height is likely to
be added shortly.

Coordinates 5.4.1.5 Coo

@epDec rdinates

Equitio
gﬁl{;‘ Coordinates is
@pﬂ}rstem a C|a$ that
B oordinates represents a
®equals position in
®getDec space. It
®getEquinox provides
“getRa
‘getﬂystem
®aetDec
‘setEquinu:ux
¥:etRa 25
‘setﬂystem
Bt nString




NGST SEA Design Document

support for representing position as a right ascension and declination pair. It includes the ability
to set the equinox and coordinate system, and to convert between two equinoxes or coordinate
systems.

5.4.1.6 AstroObject

AstroObject represents a single

AstroOhject
BopFosition astronomical object in space. This
@ophorphology class is designed to contain
@ pCurrenttl ormalizer Coordinates . .
@0 CurrentSpecirum |nformat|9n rglevar_lt to an
og}?:lr\ﬂ&%% = astronomical object itsdf and is
o - )
@DOINT ;peuﬂcally not deslgned. to
o aldUpdate 1 incorporate  any  assumptions
Alorpholo
B0 il ormalizerDefavitt ARl about an object being used to
Ep it ormalizers o :
@0 fpectrums observetheAstroObject. -
@orRedLaw M’l — An AstroObject has a position,
BopFeddening Tt represented by a Coordinates
Bppize - X
@opdource object, and a morphology that
¥4 stroOhject 1 defines the shape and size of the
%clone Spectrum obiect
%equals / _ . .
® zetEEV Type o In addition, AstroObject contains
:geﬂ\ﬂﬂmh?lw a spectrum and normalization
gett ormalizer . . .
DY p——— information  for relating the
:getPosition Spa:tra] model to the SpeCIfIC
S tRedLaw brightness of the object.
getReddening . .
®oetize The object also has the following
% getIource ies:
@ cetIourcellame prOpatl .
% getIpectrum ' Obj ect Type
P getIpectrum Redshift
®isFrtended
SaavessText Redlaw
:setEElVType Reddeni ng
thIorphol
Osettionmaler Source
:set.Norm_a]jzer Bibl |ograph| c references
setPosition
setReddening
@ setTize
:setsﬂwce 5.4.1.7 AstroOffset
setpectnam
P setTpectrum
Pi0dtring
=

26



NGST SEA Design Document

AstroOffset is used to indicate a target that is

AstroObject an offset relative to some primary target. It
AstroOffet ol contains the offset coordinates and a
SopTaraet 1 reference to the primary target.
EppOffset —I
@& stroOffset 1 _
‘get@i’f’set Coordinates
‘getPrima:rj.rTa.rget ol
@ setOffset
‘setPri:ma.tj.rTa:rget
=

5.4.1.8 Morphology

Morphology

Morphology contains information about the shape and size of an

Epplhape
Eppiize

AstroObject. For example, a galaxy is classified into many different
types of shapes, depending on whether it is spiral or dliptical, the type

®Mlorphology
SromString
®zetThape

¥ getize
:setShape

¥ setIize
Pto3tring

=

of spiral, etc. Morphology includes methods for retrieving and setting
the shape and as a morphology classification string. It also provides
support for retrieving the size of the object.
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5.4.1.9 Spectrum

Science Ohject
[¥] E]
Spectrum
@ savedsText
% to3tring
=l [l\_\. =]
SpectrumBlackBody SpectrumFlat
[ [&] [ [&]
SpectrumDataFile SpectrumPowerLaw
£l [ [+ =]
[ Z%‘ ]
SpectoumHST SpectrumEurucz
[+ B | @ =]
specirumMNoniStellar
= =]

Spectrum contains
information and
knowledge about the
spectral emission

characteristics of an
astronomical object. The
covering Spectrum abstract
class details the methods

that all subclasses must
support.

Currently, the Spectrum
class is only detailed as
necessary to  support
SynPhot based
calculations.
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Spectruan
& AT_\. [E
rumP L
specttumBlackBody S:f l:h e
Eop T emperature %Ingﬂa
: Spe:ltﬂmﬂlﬂckﬂﬂdﬁf & SpectrunPowerLaw
eqaals (] al
% getTemperature @ 321:&15 haPeta
@ setTemperature & 3 I .;I;iI
@ toStrin e
g $izhlpha
= & @ setAlpha
Spec Tt % setlndex
— $toString
! g
2 B
=] B =

54.1.9.1 SpectrumFlat
This subclass has no additional parameters. It returns a constant flux regardless of waveength.

5.4.1.9.2 SpectrumPowerLaw

The Power-Law spectrum models a spectrum that meets the Power-Law model. It has two new properties:
Alphavalue and an Index.

5.4.1.9.3 SpectrumBlackBody

SpectrumBlackBody assumes a spectrum that emits as a black body of a specified temperature. It contains
an additional property of Temperature.
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5.4.1.9.4 SpectrumDataFile

1]

.‘i‘pecltmm
[5:]

=

T

SpectrumDataFile

BepDataFile
B pDatalist
Be pDatatlame
Bo pDrataValue

=

% SpectrumDataFile
% SpectrumDataFile
% clone

% eoquals

% fir b arme

% zetDataFile
% zetDatallame
% zetDataValue
@ cetlleys

% setDataFile
% setDatall ame
®to3tring

T

SpectrumHST

=

% SpectrumH3T

=]

SpectrumBurucz

§ Spectiumunicz

=

=]

SpectrumMNonStellar

=

& Spectrumt] on3tellar

&

Three different subclasses of
SpectrumDataFile allow a spectrum to be
defined by a list of keyword values. This
style is only supported when the SynPhot
interfaceis used.

The SpectrumDataFile subclass contains a
list of Spectrum names and matching
references to "table" files accessible by a
host SynPhot process.

Currently the list of table files is hard-coded
into each sub-class constructor. The intent
of this class is that this reference list will be
maintained in a separate data file. When
this step is implemented, the three
subclasses, SpectrumHST,
SpectrumKurucz, and SpectrumNonStellar
will likely become instances rather than
subclasses of SpectrumDataFile with a
reference to the data file name passed into
the constructor.
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54.1.10 Normalizer

Norializar This cl_ass is used tq maintain
o information  about adjusting a
Mty Spectrum's brightness to a specified

geflMagiiring b al | h ali
®1 0t ase value. Currently, the Normalizer

0 = . .
class is sub-classed into
=l NormalizerFlux and
Z‘\-\‘ NormalizerMagnitude. The difference
between the two classes is not in the

role, but in their units.

NormalizerMagz nitude NormalizerFlux Each subclass contans a base
apBand S pFlux wavelength and a brightness factor. A
Epphlagnitude EepLlambda spectrum  will be normalized by
¥ ormalizeshd agnitude WM ormatizerFhux adjusting the intensity of its spectral
®equals ¥ clone mode so that at the specified
% zetBand ¥ equals Normalizer wavelength, the emission
:getI'u'I agForm :getFlux has the specified intensity.
,gemag‘smg gethlaginn The distinction between the two

gethlagnitiade “getI'u'IagSt:rmg . . . .
& S subclasses is in  thar  units.

gavedsT e getWavelength ali | . ifi
® etBand T NormalizerFlux contains a specific

SETDAatl saves sl e e .
® cethd aenitnd ® cotFl wavelength specified in Angstroms

grutude setFlux .
. ¥ setWWavelength and a base' Flux. ' Whlle
- NormalizerM agnitude contains a string

reference to a standard waveength

"band" (for example"V" for Visible) and a Magnitude factor for the spectrum in that band.
It is likely that once formulae are obtain to convert between the two systems, that the subclasses

will be merged into a single class.

5.4.1.10.1 NormalizerWavedength

This class is related to the primary Normalizer class.  While NormalizerFlux and
NormalizerMagnitude adjust the spectrum'’s intensity to a base point, the NormalizerWave ength
would adjust the Spectrum's wavelengths. This would be used to account for redshifts and
velocity considerations.
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54.1.11 Observatory
Ohservatory Observatory contains attributes that affect a telescop€'s detection
o pE arthhine characteristics but are not properties of the instrument or the
o pZ odiacall ight astronomical object being observed.
®Observatory The contents of this class are likely to be dependent upon the overall
®equals telescope and observatory, thus subclasses of Observatory will be
® zetEarthThine necessary. . L . .
®zetZodiacall ight Currently, two attributes are maintained in this class. These are
@oavedsText currently tailored to provide parameters to SynPhot-based calculations.
® 2 etFarthShine These two parameters are EarthShine and ZodiacalLight. EarthShine
®setZodiacallight predicts the amount of Earth-based emissions that will interact with an
$toString exposure. ZodiacalLight predicts the amount of background emissions
= = | deflected from the sun.
5.4.1.12 Visit
AstroOhject A Visit is a group of exposures. It contains
- the primary target and a set of exposures.
Visit Observatory parameters are also contained
@opTarget I within Visit. Once the Visit Planner is
EpExposures | incorporated into the SEA  design,
Sisit Exposure information about how the exposures are
®addExposure ordered and validated will be added to the
®zetExposures [#] Visit class.
"getTa.rget
"remu:uveExpu:usure
"setTa:rget
=]
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5.4.1.13 Exposure

Exposure

BeCOUNTS

BesNER

BeTIME

BefaCheck

BpfHeldN atmes
Bofllessenger

oA hatsFied
BopdistraObject
BopBackgroundCounts
BopBackgroundFhux
BopBrightestPivelRate
BopCounts
BopCountsT otal
BopDetectoraiseRate
BopEnvironment
BopErrothiessage
BopGlobalC ountRate
BopHasError
BopHaoldH otify
Boplnstrument
BopPixels
BopReadtloise
BypSHR

BondlyM oizeRate
BopBourceCounts
BopSourceFhu
BopSourceRate
BopTime
BypTimeBrightl imit
BopTimeBrightl imitOnelmage

®Exposure

®Exposure

®Exposure
PaddStatushlessagelistener
[B®caicBackground

B¥ caleCounts
B¥ caleCivenT ounts
B¥ caleCivenne
B% calcCivenTime
B¥ calcPiels
B¥calcFates
[B¥caicsourcerate
®clone
Pequals
'E’fi.rerp ertyChange
¥ get stroThject
% getBackgroundCounts
¥ getBackgroundFhux
’getBrighte stPixelOnelmageRate
¥ getBrightestPizelRate
‘getC outits
®getDetectortl niseRate
‘getEnvimmnent
¥ getFrrorhlessage
& getGlobalCountRate
¥ getinstrument
@ getPixels
P zetRead nise
¥ get3loyl niseRate
P etInr
¥ getIourceC ounts
¥ zetSourceFlux
¥ getIourceRate
“getTi.me
¥ get TimeBrightLimit
®isFrror
®isHoldN otify
’pru:up ertyChange
e adOhject
®removeStatushies sagelistener
$savessText
[B¥sendStatushiessage
¥ seta stroChiject
®setCounts
¥ setEnvironment
¥ zetHold otify
®setlnstrument
®setine
¥ setTime
P statushlessage
B¥updateRateStan
[BupdateSelects

= ]

The exposure maintains
infformation  specific  to
making single exposure. It
contains an Instrument and an
AstroOffset. It is responsible
for having the knowledge
necessary to calculate and
report on the various "counts'
and "fluxes' associated with
an exposure.

It is an abstract class,
requiring its subclasses to
implement two methods:
calcBackground to calculate
Background flux, and
calcSourcerate to calculate
the flux recelved from the
source target.

With that information, the
exposure currently calculates
several properties containing
rates at which photons are
received from various
components  of  exposure.
Given a Signal-to-Noise
Ratio (SNR) it will aso
calculate the exposure time
(in seconds) necessary to
reach that SNR. Similarly,
the SNR would be achieved
for an exposure of a specified
amount of time.
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5.4.1.14

ExposureSynPhot

CGIPoster

Science Ohject

41 (=]

o

Exposure

£ =]

T

Exposure SynPhot

e paynPhotBackeground

[+

SynPhot
=i

e paoynbhotd ourcerate
e W aitingF ot ewBackground
eV aitingF o ewdoutcerate

% ExposureBynPhot
% ExposurelynPhot
% ExposurelynPhot
% ExposurelynPhot
E calcBackground

calefourcerate
% clone ’
% equals
% zetiynlhotBackgroud
% getSynPhotdourcerate
% propertyChange
% osaved sText
% setHostCol
% setHo=tll
% setTimeCutSeconds

=

ExposureSynPhot is a subclass of
Exposure that adds methods for
calculating  Background and
Source fluxes by making calls to a
host machine containing the
STSDAS routine, SynPhot.

It is currently the only executable
implementation of an Exposure
subclass.

While the default host server is
‘garnet.stsci.edu’, the class has the
ability to change the host server,
provided the specified server has
both SynPhot installed and a
required "CGl-script” to provide
an interface to the client machine.

5.4.2 User
Framework

Interface

5.4.2.1 ModuleContext

—ModuleComtent-> | ModuleC
ontext Is
@ getCurrenthlodule an
& :
’gemmuB“. interface
gethloduleTitle
® et atushl that must
getStatushlessage he
®zetCurrentblodule imol
®setloduleTitls Impieme
®aetStatushlessage nted by
= ] any
object

that wishes to contain a Module. It defines methods for accessing a standard set of services that
are provided to Modules. These include setting the title of the module and setting message text

that appears in a status bar.

In addition, ModuleContext defines a method for returning a
reference to a menu bar. Since a Module is a Pand, it may not have a menu bar.

Instead, a

Module may call this method to get a reference to its container’s menu bar and may add its own
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menus to that menu bar. Objects that do not have menu bars may return null from this method, in
which case the Module must setup its menus e sewhere (as a popup menu, perhaps).

5.4.2.2 BrowserFrame

<< Module Context>=

BrowserFrame

Propos

al

1

Module

mepProposal
SenCurenth odule

@ppH avigation

It

BrowserFrame is the main window in the
SEA. It represents a single proposal when
in Proposal Browser mode. BrowserFrame
contains several user interface objects that
allow the user to interact with the proposal:

A ProposalTree displays a view of
the overall proposal. The user can seect
items from this tree.

mafTree
mpfTlenuBar
Tl oduleTitleField
mefProposalTitleField
EfotatusBarField
®ErowserFrame
% getilavigation
% zetProposal
Psetld avigation
% zetProposal

=

[+

ProposalMavigation

A module allows the user to view

1

MNavigationTree

backward or forward in that history.
A help button provides access to the context-sensitive help feature.
Title labels display the name of the proposal and the name of the currently selected

module.

A status bar displays status messages.

and edit the currently selected item in the
proposal tree.

A menu bar provides access to most
functionality. It may contain menus added
by the currently selected module.

Navigation buttons maintain a
history of the user's sdections in the
proposal tree and allow the user to move

BrowserFrame is responsible for ownership of the Proposal data object. If the user switches to
Interview mode, however, the BrowserFrame is closed and the Proposal data object is passed to a

new InterviewFrame.

responsibility of Modules to do this.

5.4.2.3 ModuleFrame

<< Module Context=>=

ModuleFrame

@ pCurrenth odule
EpiotatusBarField

=

Module

BrowserFrame should only receive updates from the Proposal object
through PropertyChange events. BrowserFrame should never modify the Proposal.

It is the

When the user chooses to open a module in its
own separate window, a ModuleFrame is
created and the new Module is passed to it.
Like BrowserFrame, ModuleFrame is a
window that implements ModuleContext.
Unlike BrowserFrame, however, M oduleFrame
does not contain a proposal tree, nor does it
own the Proposal object. ModuleFrame is
essentially a container for a Module and the
objects  necessary to  support  the
ModuleContext features. It should never need

to access the Proposal or ProposalNavigation objects.
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54.2.4

InterviewFrame

<< hodule Context=>

InterviewFrame is the main
window used when in Interview

o mode. It may contain modules,
i S and thus implements the

! L ModuleContext  interface. It

! = communicates with the expert
e 1 — system, which formulates
po— ﬂfiﬂm questlpns and adds them to the
@0 pCurrenthodule ¢ InterviewFrame. The
@pn avigation = InterviewFrame  controls  the
EoflenuBar | navigation between sets of
EoistatusBarField ProposalNavigation questions that correspond to areas

VinterriewFrame
’getN avigation
% getProposal
Bsethl avigation
% setProposal

=

[+

of the proposal. The questions

themsalves, however, are
managed by the expert system.

The InterviewFrame contains
several user interface objects
including:

A summary list of the steps required to complete the proposal and the current status of

those steps.

A pand that contains the set of questions for the current step in the proposal.

Navigation buttons similar to those found on a Microsoft Windows Wizard interface.
These allow the user to go backward or forward in the list of steps.

A menu bar provides access to most functionality.

It may contain menus added by a

module if one exists in the question pand.
A help button provides access to the context-sensitive help feature.
A status bar displays status messages.

5.4.2.5 LaunchApplet

LaunchApplet

@ fFrames
=

LaunchApplet is a simple applet that starts the SEA. It contains a single
button that, when pressed, opens a BrowserFrame window. This may be
done multiple times if the user wishes to open multiple proposals at
once. LaunchApplet will be the initial access point for the SEA when

run from a Web page. LaunchApplet keeps a reference to its BrowserFrames and dereferences

them when it is dereferenced.

In the future, LaunchApplet may display a list of existing

proposals and allow the user to open specific proposals, delete proposals, etc.

5.4.2.6 Module

<= Module Context=>

[¥]

Module

Epplontext

‘getﬂ otutest
®setContext

=

Module is the abstract root class for all proposal
editors and viewers. It is a subclass of
java.awt.swing.JPanel and can be placed in any

container that implements the ModuleContext
interface. Module contains a reference to its
36
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ModuleContext. It does not contain any references to ScienceObjects. It is the responsibility of
Module subclasses to define those references, and to subscribe to ScienceObject PropertyChange

events.

The Module subclasses will be described in a separate section.

5.4.2.7 ModuleFactory

Module

ModuleFactory
mphIodules
®createldodule
=

ModuleFactory is a standard means by which
containers get instances of Modules when new
Modules are needed. It contains a single static
method, createModule(), that takes a Class object as
its argument. It returns an instance of the Module
subclass represented by the Class argument.
ModuleFactory retains Module instances and reuses
them whenever possible instead of creating a new one
each time. Thisisimportant for performance since the

user will typically be switching between Modules often, and Modules are expensive to create.

5.4.2.8 ProposalNavigation

ProposalNavigation is a container

[#]

<< NavigationComponeniLisiener:>

for NavigationComponent objects.

ProposalNavigation

It provides access to the
NavigationComponent tree. It is

*

S fListeners

EepFoot
®Proposalllavigation
Sada avigationComponentListener
% getRoot
Sremovel avigationComponentListener
$setRoot

=

also the source of
NavigationComponentEvents. It

1 includes methods for adding and

[

Navigation Component removing listeners for these events,

which can be triggered when any of

the navigation components is
modified, added, or removed.

Typically a single ProposalNavigation instance will be created for each Proposal instance. When
created, ProposalNavigation is given a Proposal instance as an argument to its constructor.
ProposalNavigation is responsible for creating its NavigationComponents in its constructor.
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5.4.2.9 NavigationComponent

MavigationComponent

EppChildren
Epploon
EeplloduleClass
o ame

EopP arent

PN avigation” omponent
% addChild

@ zetChildren
®zetlcon

@ zethloduleClass
zethlame

P getParent
$launchEditor
®removeChild
®aetlcon
®aethoduleClass
@zt ame
$setParent

=

A NavigationComponent represents a specific area of the proposal.
For example, a NavigationComponent could represent an
Exposure, while many items within the Exposure such as a Target,
Exposure Time, and Instrument, would also have a corresponding
NavigationComponent. NavigationComponent is responsible for
representing a proposal item to the user. It contains the following
properties:

A descriptive name of the proposal area represented.

Icons that represent the proposal area.

A reference to its parent NavigationComponent.

References to its child NavigationComponents.
In addition, a NavigationComponent knows how to launch the
Module subclass that is used for viewing or editing its particular
proposal area.  This may be as simple as knowing the Module
Class type, in which case it requests a new instance from
ModuleFactory and adds it to the ModuleContext. Subclasses
could, however, provide other ways of launching editors by
overriding the launchEditor() method.
A NavigationComponent contains icons that represent the proposal
area. getlcon() takes an argument which indicates the type of icon

desired. This argument is the same as that used in java.beans.Beaninfo and allows icons to be

specified in color or black and white, and 16x16 or 32x32 pixds in size

The default

implementation of getlcon returns an icon specific to the type of Module represented. It is
expected that subclasses of NavigationComponent will further define the icon image by the type
of ScienceObject used in the Module (for example, with a Target, different icons could be

provided for Galaxy and Star).

5.4.2.10 NavigationComponentEvent

NavigationComponent A NavigationComponentEvent is triggered
- whenever a NavigationComponent is modified,
1 added, or removed.
NavigationComponentEvent Navi gationComponentEyent contains a
EopComponent reference to the NavigationComponent that has
®N avigationComponentEvent changed. NavigationComponentEvents are
® zetComponent initiated by the ProposalNavigation class.
¥ zetComponent
=

5.4.2.11 NavigationComponentListener

<< Navigation ComponeniListener=>

Any class that is interested in when the components of a

g otnp onetitd dded
g otmp onetithlodified
g otmp onetitRemoved

= &

ProposalNavigation change should implement the
NavigationComponentListener interface. It contains
separate methods that are called when a component is
added, modified, or removed. These actions are triggered
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when the user modifies the proposal. For example, adding a new exposure causes new
NavigationComponents to be added to the ProposalNavigation object. This listener allows
outside objects to be notified of these changes.

5.4.2.12 NavigationTree

<<NavigationComponeniListener=> | A NavigationTree is a java.awt.swing.JTree user interface
object that displays the contents of a proposal. Each node
[+ in the NavigationTree is a NavigationComponent.
Z} NavigationTree implements the
| NavigationComponentListener interface so that it is
! notified when it needs to redraw its contents.
NavigationTree NavigationTree informs its parent when the user clicks on
aniteminthetree
BrowserFrame contains a NavigationTree object. It
responds to selections in the tree by asking the selected NavigationComponent to launch its
corresponding editor, which causes a new Module to be placed in the BrowserFrame's Module
area.
NavigationTree provides only a view of the ProposalNavigation and its contents. It should not
modify those contents in any way.

[+

5.4.3 Visual Target Tuner

The following class modd is for the initial release of the Visual Target Tuner (VTT). It will
allow the user to view a FITS image of the target area, tune the target position, and specify
orientation constraints by selecting inclusion and exclusion points. This design does not support
the full VTT release, which will include features such as the ability to simulate diffraction spikes
and CCD bleeding. These features will be added in the next major SEA release.
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5.4.3.1 TargetTuner

Consiraints

CoordinatesPanel

TargeiTuner

e pC onstraints

o ursotP ositionF anel
@@ T argetP ositionP anel
= fFPalette

e fViewportCanvas
@enTarget

’Ta.rgetTuner

% et onstraints
S oetTarget

% setConstraints
SaetTarget

=

1

ol

ToolPaletie

TargetTunerCamvas

AstroTarget

TargetTuner is a subclass of
Module that contains the VTT user
interface. It contains the following
user interface components:

The  TargetTunerCanvas,
which displays the visualization of
thetarget area.

A CoordinatesPanel which
displays the target position.

. A CoordinatesPane which
displays the currently sdected
position.

A ToolPalette that contains
the available tools for use on the
visualization area.

In addition to providing the user interface, TargetTuner is responsible for maintaining references
and listening for changes to the AstroTarget and Constraints objects being modified. TargetTuner
also communicates with its ModuleContext by adding menus to the context’s menu bar and
providing its module name and status messages.

5.4.3.2

ImageCanvas

Image Camvas

Eepltnages

“ImageC anvas
“addlmage
“geﬂmages

Smove
®nomalZoom
“p airrt

'E’p aittlmage
“remuvelmage
\ etltmages

®zo0m
=

“get?iewDimensiDns

% setViewDimensions

5.4.3.3 AstrolmageCanvas

ImageCanvas is a subclass of java.awt.Canvas. It provides the ability
to draw multiple images in a scrollable canvas area. It also provides
the ability to move the viewport to an arbitrary position and to zoom
the viewport to less than or greater than normal magnification. Images
are assumed to be java.awt.Images and coordinates are assumed to be
in pixels. ImageCanvas does not provide any astronomical support. It
isintended as a utility class that does not require any other classes other
than the standard Java classes.
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Image Camvras

Astrolmage Canvas

¥4 strolmageCanvas
¥ getCurrentP osition

¥ oetlmages it

¥ getViewDimensions
paint

al

AstrolmageCanvas is a subclass of

ImageCanvas that adds

astronomical support. It provides support for setting and getting
position as an astronomical Coordinates object and automatically
translates Coordinates to pixels. It does not provide support for any
new drawing functionality. It isintended as a generic class that might
be used for many different astronomical applications.

5.4.3.4 TargetTunerCanvas
Astrolmage Camvas

[+

TargetTuner
[+
1

TargetTuner Canvas
S Tunethlodule
o pipertare
Ep fInnetRingFadius
e fouterRingRadiug 1

e RingCenter Aperture
S pDrawdpetture
S pDrawC onatraints [+

S pDrawOtientations
T argetTunerC arrvas
% getiperture
‘isAp ertureDrawn
isConstraintsDravn
isOrientationsDrawn
‘p aitit
% et perture
% et pertureDrawn
% setConstraintsDrawn
% setOrientationsDrawn

=

5.4.3.5 ImageChooserFrame

TargetTunerCanvas is a
subclass of
AstrolmageCanvas  that
adds support for drawing
the other visualization
components of the Target
Tuner. Callers may toggle
drawing of the instrument
aperture, orientation rings,
and  inclusion/exclusion
congtraints. It is expected
that TargetTunerCanvas
will also supply support
for the seection of objects
within the canvas and for
interactive dragging of the
target selection.

ImageChooserFrame allows the user

TargefTuner to select one or more FITS images
[ for inclusion in the visualization. It
Image ChooserFrame 1 provides the ability to search
@ fTuneddodule astronomical databases for images
@pflmageC anvas with positions rdative to the current
®lmageChooserFrame
:l 1
- Astrolmage Canvas
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target. ImageChooserFrameis a separate window that is accessible from the TargetTuner menus.

5.4.3.6 ImageToolsFrame

ImageToolsFrame

EpfTunerhlodule

@] atipalator

EepltmageCatrvas
’ImageToolsFrame
’geﬂmagec atvas
¥setlmageCanvas

=

TargetTuner

1

5.4.3.7 InclusionExclusionFrame

ImageToolsFrame allows the user to
interactivdly manipulate the FITS images
contained within the visualization. It provides
a user interface to all the features of the
ImageManipulator class. The modified images
may be saved for later recall.

TargetTuner

InclusionExclusionFrame is a separate
window that displays the current set of

InclusionExclusionFrame

@i Tunetlodule

=

®InclusionExclusionFrame

inclusion and exclusion points as a table.
The user may remove items from the table.
The user may continue to work with the
visualization while this window remains
open, in which case the table is
automatically updated whenever the user
changes the inclusion or exclusion pointsin

the visualization. It is also expected that this window will contain summary information about
the effects of the current constraints on the proposal, i.e. the percent of orientations that are valid
with the current constraints, and some representation of the schedulability of the proposal given

these constraints.

5.4.3.8 ToolPalette

ToolPalette
®TaolPalette
= E] |

ToolPalette is a simple user interface item that contains a set of toolbar
buttons. These buttons represent the functions that the user may
perform on the visualization. These functions include specifying
inclusion and exclusion points or regions, panning and zooming the
visualization, and retrieving information about objects within the visualization. By selecting a
function in the ToolPalette, the initiates that operation. The ToolPalette only provides initial
access to these functions and does not actually perform them.
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5.4.3.9

Imagehlanipulator

Epftourcelmages

¥lmagellanipulator
®:etBrightness
®zetColorTahle
zetContrast
:etllegativelmage

=

5.4.3.10 FitsImage

FitsImage

mpfFitsData

“Fitslmage

“getG*raphics

“getH eight

@ zetWidth
=

ImageManipulator

ImageManipulator is a utility class that takes a set of images as an
argument and allows various operations to be performed on the
images. These operations include setting an image to its negative,
adjusting the image brightness and contrast, and modifying the
image' s color table.

Fitsimage is a subclass of java.awt.Image that implements the features
of Image as a FITS image file It can be used wherever a
java.awt.Image is required, including in the ImageCanvas class.
Fitsimage uses existing code from Thomas McGlynn of the NASA
Goddard SkyView project. This existing code provides support for
reading and writing of FITS images. The Fitslmage class translates that
data into an Image aobject.

5.4.3.11 CoordinatesPanel

CoordinatesPanel

@pfDecEntry
@O RaEntry
EppEquinox
B pdystem

®CoordinatesPanel
"getCnurdinates
"getEqman
’getﬂystem
& etEuiriox
& etdystem

=]

CoordinatesPand is a java.awt.swing.JPand that includes text entry
fields for the RA and Declination of an astronomical position. It
provides standard support for coordinate input, including validation,
setting the equinox, and setting the coordinate system. It is expected
that this class will live in a utility package rather than the TargetTuner
package sinceit is likely to be used in other areas of the system.

5.5 Class Interaction Diagrams
This section contains a series of collaboration diagrams that illustrate the following sequence of

events:

User starts a SEA browser window.

User opens an existing proposal from afile.

User sdects an Exposure Time in the proposal tree, causing the Exposure Time
Calculator to open.

Using the Exposure Time Calculator, the user sets a new value for the exposure time.

The user saves the modified proposal to disk.
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5.5.1 Diagram 1: Starting a SEA browser window

2: createBrowser

3: create(this)
—>
1: actionPerformed 4: open
etcModule 7 LaunchApplet érowserFrame

user clicks on
"Open Browser"
button.

This diagram demonstrates how a browser window isfirst created. The user selects a button on
the LaunchApplet, which causes the LaunchApplet to create an instance of BrowserFrame and
openit. At that point, the BrowserFrame opens with a new, untitled proposal.

5.5.2 Diagram 2: Opening an existing proposal

user selects E\j:;\w
| filename from i
i chooser.
7:create(this)
6: openProposal 8: show Dialog JFileChooser

12: setProposal(loadedProposal)  9: getSeIedfédFiIe: filg_r]ame""/

B N T

e
7 = |
H

. (user) | BrowserFrame

10: create(filename)

13 setNavigation(new ProposalNavigation(loadedProposaI)jﬁ

) “ObijectinputStream

user selects "Open ',
Proposal" from

11: readObject: Ioa',d/edProposaI
brow ser menu. ‘

uses serialization. All L,
objects contained w ithin
Proposal are properly
reconstructed.

This diagram shows how a Proposal abject is loaded from disk. Once the user seects the “ Open
Proposal” option from the browser menu, a file chooser is created which prompts the user for the
filename. Once the filename has been chosen, an object stream is created, from which the
proposal object is extracted. The Java seralization mechanismis used to read and write proposal
objectsto disk. All of the objects contained within the Proposal object are automatically
reconstructed. Finally, the browser sets its current proposal to the newly loaded Proposal and
creates a new ProposalNavigation instance from the new Proposal. Setting the current proposal
causes user interface items such as the NavigationTree to be refreshed with the contents of the
new Proposal.
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5.5.3 Diagram 3: Selecting an exposure time in the proposal tree

16: createModule(moduleClassType() : etcModule)
ModuleFactory

14: valueChanged 15: launchEditor(getContext())
%
etcModule NavigationTree NawqatlonComponent‘

user selects 17: setCurrentM
"Exposure
Time" node in

tree.

sdule(etcModule) etcModule : Modul

18; SetContext(this

This diagram shows how the Exposure Time Calculator module becomes activated when the user
selects an exposure time in the proposal tree. These events are true of all modules and all itemsin
the proposal tree. The NavigationT ree contains NavigationComponents, one of which represents
an exposure time. When the user selects anitem in thetree, they are sdecting a
NavigationComponent. The selection causes a new module to be created and added to the

BrowserFrame. The Module is added to the BrowserFrame via the M oduleContext interface,
which BrowserFrame implements.

5.5.4 Diagram 4: Setting a new value for the exposure time

21: pTime = new Time

%
22: firePropertyChange(oldTime, new Time)

20: setExposureTime(new Time) 23: propertyChange 24: propertyChange
‘ —> —>
etcModule Exposure Visit

user has set a new
exposure time in the
ETC. This causes the
follow ing to occur.

26: fireComponentChange 25: propertyChange

NavigationTree is a
NavigationComponentListener

ProposaINaviqation‘ 29: redraw Component(evept.getComponent(

\L 27: create()

nklaviqationComponentEvent‘

28: componentModified

Once the user modifies any value in the proposal, that change is automatically propagated to the
rest of the proposal and to objects outside the proposal. This diagram illustrates that concept
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using the exposure time as an example. Setting the exposure time in the ETC causes the new
value to be passed to the Exposure object, which modifies the value and fires a
PropertyChangeEvent. That event is propagated to all appropriate listeners, which includes the
parent object of Exposure: Visit. Visit passes the event to its parent, Proposal, which passesit to
its listeners. ProposalNavigation always listens to all Proposal changes so that it can notify user
interface components. It fires a NavigationComponentEvent, indicating that the contents of the
Exposure Time component have changed. Since the NavigationTreeis listening for those events,
it receives the event and redraws its contents.

5.5.5 Diagram 5: Saving the proposal to disk

31: saveProposal

30: actionPerformed 32: create(pProposal.getFilename())

>

bbiectOutputStrearﬁ

33: writeObject(pProposal) 34: close
user selects
"Save" from the
brow ser menu.

Saving a proposal to disk is a simple operation. Since serialization is used to store the Proposal
and its subabjects, we simply open an output stream with the specified filename, write the
Proposal object to the stream, then close the stream.

46



NGST SEA Design Document

6 Javalmplementation Notes
6.1 Development Tools

6.1.1 Integrated Development Tool: Visual Café

The SEA team has chosen Symantec’s Visual Café for Java 2.0 as the integrated development
environment. Other IDEs were considered such as Borland’'s JBuilder and Cosmo Software's
Cosmo Code. Visual Café is currently the only second-generation Java IDE. This gave Visual
Café an advantage in robustness and completeness of features, while remaining intuitive and easy
to use.

6.1.2 Configuration Management: Visual SourceSafe

Microsoft’s Visual SourceSafe was chosen as our configuration management tool. It provides an
easy-to-use graphical interface, works transparently over the Microsoft network protocol, and
includes all the features that we expect to need from a configuration management tool.

6.1.3 Expert System Engine: Advisor/J

Neuron Data's Advisor/J was chosen as our expert system engine.  Advisor/J fits well into our
development environment because it is entirely written in Java. This will make it much easier to
incorporate expert system technology into the SEA. In addition, Advisor/J includes an integrated
development environment for building rules and managing the rule base.

6.2 Additions/Exemptions to the Java Style Guide

The (formerly) Code 522 Java Style Guide will be used for development of the SEA. While most
of the guide meets our needs, the following changes will be adopted:

6.2.1 Property names

If afield represents a JavaBean property, begin the field name with the letter “p”, then conform to
the variable format. All other fields will continue to use the existing name formats.

6.3 Security Management

6.3.1 User security

The initial release of the SEA will not have user authentication or any other mode of user
security. This is partly due to the fact that users want to be able to save ther proposal as a file
that can be transmitted to colleagues. |If proposals were stored in a secure database, this would
not be possible. However, we are aware of the sensitivity issues involved with proposals and are
considering instituting some sort of authentication. Digitally signing the proposal file is one
option. Another would be to encrypt the file. We will revisit this issue after the prototype
release.
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6.3.2 Applet security

Many requested features, such as the ability to save the proposal to a local disk, are not possible
in an applet due to the Web browser’s security model. We must find a way to overcome this
limitation. The most obvious possibility is to digitally sign the SEA distribution file. This will
enable the SEA applet to access secure features in the Web browser, such as saving to a local
disk. We areinvestigating incorporating digital signing into the prototype release.

6.4 Deployment notes/comments

The SEA will be deployed both as an applet and as an application. In the case of an applet, a web
page will be setup where the user can easily access thetool. Application deployment, however, is
a little more problematic. Certainly we will deploy the tool as a JAR file, but other questions
remain: Should we deploy archives with the JRE embedded, or should we assume that they
already have a proper virtual machine? Should we use an automatic download mechanism such
as Netscape SmartUpdate, or should we just allow the user to download the JAR file and run it?
Theinitial release of the SEA application will most likely be deployed as a JAR file that can be
downloaded, along with instructions on how to run it.

6.5 Location of implementation files

We plan to maintain up-to-date JavaDac files for our implementation, as well as source files and
demonstrations. Thesefiles may be obtained at http://aaadev.gsfc.nasa.gov/NGST Protos/.
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