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TS 8245 System Components Using
Design Patterns on the Discovery
Channel Telescope

Paul J. Lotz, Software Engineering Manager
with Michael J. Lacasse, Ryan C. Godwin
(Lowell Observatory)
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First Light Images

These results made use of the Discovery Channel Telescope at Lowell Observatory. Lowell is a private, non-profit institution
dedicated to astrophysical research and public appreciation of astronomy and operates the DCT in partnership with Boston University,
the University of Maryland and the University of Toledo.
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oy Some System Components

cmp SystemOverview /

_Cl Active Optics System
.. aF Active Optics System

= £ A0S
T /]
- # miF

Guiding WavefrontSensing Instrumentation

Pointing <] mageCualy ] MI1L
L mep
= & M2S
2] m2p
] a] L. & M2V
MountMotion DomeMotion Environment
AN §
A note on modeling: D DomeControlSystem D EnvironmentalControlSystem
We use the Unified 28 DomeControlSystem a3 EnvironmentalControlSystem
Modeling Language = & DCS = £ ECS
(UML). The modeling ... ) DAS £] MTS
tool we employ is £] DSS

Enteririse Architect iEAI. '




- System Concept

TeLESCOPE

« Each system consists of a set of components that work
together to achieve a larger goal.”

*Weilkiens, T., [Systems Engineering with SysML/UML: Modeling, Analysis, Design], Morgan-Kaufmann,
Amsterdam, 8 (2006).




s Component Definitions

TeLESCOPE

« Component”
— Modular
— Encapsulates contents
— Replaceable with another implementation that satisfies
interfaces
 DCT component
— Stand-alone
— State-based
— Interfaces: SubData, PubData

*Larman, C., [Applying UML and Patterns: An Introduction to Object-Oriented Analysis and Design and lterative
Development], Pearson, Upper Saddle River, 654 (2005).
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By Publish-Subscribe

TeLESCOPE

* Publish-subscribe (Observer Pattern)
— Multiple subscribers
— Multiple publishers

* Flexible deployment
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& DAS (Dome Azimuth System)
File Tools Help
Application Control Hand Paddle Status
Hand Paddle Inactive
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Disable

Home | Setti
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Summary State
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gy Motivations for Template
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* |ssues with independent implementation
— Repetition
— Inconsistency
— Mistakes

« Considerations
— Uniqueness
— Flexibility
— Embraceability
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Summary State Detailed State
‘ EXA: Bl = ’ EXA: StandbyState
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s Template Characteristics
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Common vs.
modifiable

Best practices

— Design patterns

— Existing
Implementations

— Collaboration
Simplicity
Completeness

B C
=k . Program Files (x86)
= |, National Instruments
=- |, LabVIEW 2011
° . Targets
B ., user.lib
= . Commeon
: - . Application
| 6 ComponentModel
& | vilib
- % NiFpgalv.dll
B4 F
= dct
=t . trunk
= ) src
= |, Components
= . AOS
- M2P
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Copy
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Template Application

M

G

= |, Program Files (x86)

E} . National Instruments
e LabVIEW 2011
4 | Targets
El . userlib

13, Common

: I . Application

; &+ |, ComponentModel
&y vilib

E].

- % NiFpgalv.dll
F

. Components
, . AOS
L M2P

@.b




oy Why National Instruments LabVIEW?
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« Supports our Windows, RT (VxWorks), FPGA targets
« Dataflow—easily specify parallel operations
« Graphical programming
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Model/View/Controller (M/V/C) with Data Listener

TitReported [N  yTitReported [l PistonReported [
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Standby | StandbyState

B— .

ni.var.pspi//localhost/EXACommandSV/Command
V]

\\EXA\EXASubDataSW\ClearError
\\EXA\EXASubDataSV\Disable 0
\\EXA\EXASubDataSVAEnable $iComnackts Keib IOn{isartheat frcless
\\EXA\EXASubDataSV\Exit
\\EXA\EXASubDataSV\GoToStandby
\\EXA\EXASubDataS\V\Heartbeatln
\\EXA\EXASubDataS\\Start

<Object>

<Name>command</Name>
<NumLevels>1</NumlLevels>

<Class> Commands.Ivlib:OnHeartbeat.lvclass</Class>
<Version>0.0.0.0</Version>

</Object>
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sy Interfaces
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« Background definitions: >

3
— Abstract class g
— Pure virtual method (abstract method) ——> "
— Interface

 As an interface in National Instruments LabVIEW we use a class
with all pure virtual methods.*

 Motivations
— Source code isolation
— Design by contract

*Cf. Budd, T. [An Introduction to Object-Oriented Programming, 3d ed.], Addison-Wesley, Boston, 170 (2002).
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oy Design Patterns
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 Proven solutions
« Cataloged®

— Name

— Problem

— Solution

— Conseqguences

*Gamma, E., Helm, R., Johnson, R., and Vlissides, J., [Design Patterns: Elements of Reusable Object-Oriented
Software], Addison-Wesley, Boston, (1995).




sry Command Pattern
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class CommandThisComponent /

CommandThisComponent

+ exec(iContextThisComponent) :IContexfThisComponent

OnNewPositionDemand GoTo Standby

- demand :DBL [3] (Array) {sequence} + exed||ContextThisComponent) :IContextThisComponent

+ exed|ContextThisComponent) :IContextThisComponent




State

* Objects for States

m

nbldSe

L4

SoreldSy

. 3

= [3 States.vlib
5+ @ SettledState.lvclass
- 8" SettledState.ctl
[ Public
= @ ClosedState.lvclass
i " ClosedState.ctl
= [ Public
.- [@ openShutter.vi
.. |@l resetEncoders.vi
= @ OpenState.lvclass
.- 8" OpenState.ctl
E}C/ Public
.. [@ closeShutter.vi
=+ @ PartiallyOpenState.lvclass
. 8" PartiallyOpenState.ctl
E}C/ Public
.. [@ closeShutter.vi
@, openShutter.vi

Tl

Pattern

.
{3 Choose Implementation

Select VI

" State.lvclass:closeShutter.vi

B SettledState.lvclass:closeShutte
~~~~~~~~ PartiallyOpenState.lvclass:closeShutter.vi
~~~~~~~~ OpenState.lvclass:closeShutter.vi

Attend mi session TS8237 at 16:45 todai to learn more about the State Pattern!




s Adaptation of State Pattern
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ConteXtThiscomponent in OO OO HOHO RO HO R HOHO RO HOHCHOHOHOHOHOY Contex‘tThiscomponent OUt
i| |stateFactory ppeseeay A [[Cavarte
model 4 Madel o 1 g
%:tc!o =
error in (no error) error out
ﬁ’ - CS':::: rtart =- o
’ x| L=
g Al

« Differentiate Context and Model
— |Context = interface available to clients
— IModel - interface available to state objects




iy Factory Method Pattern

TeLESCOPE

* Dynamic object creation
e Source code isolation
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- Using a Factory: Call Interface Method

"R N Crianne )
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ConteXtThiscomponent in RO RO HOHO RO HO R HOHO RO HOHCHOHOROHOHOY ) Contex‘tThiscomponent OUt
CottTOl ] | |stateFactory P A |[erete
model i IMadel :
%:tcko ol
error in (no error) error out
= o °§:::: rrart = o
- ~ -
= ~ - - =

{3 StateFactory.lvclass:createState.vi Block [

File Edit View Project Operate Toc
O[] [9][25] [bal?

stateValue "Standby ~

3 state
[
4

-

StateFactory in  StateFactory out

error in (no error)  error out

R
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- Configuration Editor -- Demonstration

r Al
{3 Configuration Editor u
Categry

Communication )
Heartbeat Alarm Duration (s) ‘ 3
IRQ i
Loop Alarm Position Threshold (deg) ‘ 5.00
RIO

Compensator
PositionController
Stow

Calibration
SerialPort

SSI

FineSensor
CoarseSensor

RestorePageDefaults] [RestoreAIIDefauH:s oK ] [ Cancel




o Generic Component State Machine
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stm OperateComponent /

Initial ?
Standby State Off State
BN Exit
Load configuration.

ST a.k

Stat giang By StandBy

7

Disabled State [Fault] ./ FaultState
-
| ClearError
-

En\al:le Disa|ble [Fault]

[ Enabled State )




oy Component Relationships

TeLESCOPE

 Hierarchical

« Relationship rules
— Knowledge of child
— Knowledge of parent
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Application Control

| Start

Exit:

& DAS (Dome Azimuth System
“File Tools Help
Application Control & DSS (Dome Shutter System)

File Tools Help

Start
Application Control

Exit
2 Start

Exit

Sum mary State
DCS: 3 Summary State
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NI Week www.lowell.edu/dct



ot
ﬁi@ﬁw
¥_ W
TELESCOPE

éﬁ

F‘roject Diagram Element Tools Analyzer Extensions Settings Window Help
!
_ 7 Q & <default> = j g @ Basic - Normal W E
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7R
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Home State
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Component Example Part 1

B ol 2 45t B L&
TR Y
= @ Mm2pP

FJEE_] CloseM2PositionLc

- 28 CloseM2Positio
= ] CloseM2PPositi
[52) CloseM2Pos
= (L] EnabledStat:
- [23) EnabledS
@ [ EngSubs
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.. (@ HomeSta
.. @ MoveTol
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Vi

Vi

deactivateEngTestMode

ackRefMarkFault.vi
disable.vi
enable.vi

+9§ MoveToNominalPosition.lvclass

>

Disable.lvclass
#, activateEngineeringTestMode
-|@) calibrateRefMarks.vi

5‘ Enable.lvclass

+O§ Exit.lvclass

Lol execwi

7

: Q‘E clearError.vi

J

§&" ContextThisComponent.ctl
[J AccessorMethods

5‘ SetNominalPosition.lvclass
= [J Public

“‘ Start.lvclass
“. CommandThisComponent.lvclass

[J ContextIDFactory
-[LJ ContextIDs

@ OnincomingMessagingError.lvclass
& OnNewPositionDemand.lvclass

“‘ CalibrateRefMarks.lvclass

@ ClearError.lvclass

“‘ DeactivateEngTestMode.lvclass
8@ Oninterrupt.lvclass

“" OnHeartbeat.lvclass

78§ ActivateEngineeringTestMode.lvclass
8@ GoToStandby.lvclass

9§ AckRefMarkFault.lvclass
@ ContextThisComponent.lvclass

(3 Commands.lviib
[/ ContextThisComponent

o
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oy Template Benefits
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 Reuse

« Complete, functional framework
» Best practices

* Flexibility

« A place for everything

« Consistency

» Maintainability

« Scalable

« Working software!
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sy Features LabVIEW Needs
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Critical features LabVIEW must have for competitive
development of large systems

*View improvements [Composite views should be the norm]

*Object serialization [Serialize in interchangeable format—
possible now only with per-class methods]

Integration with UML modeling tool [Round-trip connection
to a model from standards-compliant, competitive UML tool]
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paul.lotz@lowell.edu

1S8237: State Pattern Implementation for Scalable Control
Systems

Date: 8/7/12
Time: 16:45-17:45
Room: 12A
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ey Thank You!
v SEm ]

paul.lotz@lowell.edu

1S8237: State Pattern Implementation for Scalable Control
Systems

Date: 8/7/12
Time: 16:45-17:45
Room: 12A
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I Messaging with Objects
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Sender Receiver
Favorite /{
e messaging "OET:

Prepare data | Serialize system Deserialize Use data
Data Cast to Flatten | Convert Convert Unflatten Original
to parent, if to to byte to string from string  object on
send necessary string array the wire!

2

command
[O°]

N =

(or get (Optional: For RT-FIFO-enabled
it that shared variable)
way)

ontext Help

ICommandFactory.lvclass:createCommand.vi

ICommandFactory in
commandValue '
error in (no error) ===

== ICommandFactory out
*=command
fece errOr QUL




