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Introduction

« An XControl has custom behaviour in addition to
custom appearance

Encapsulates Ul code into abstract component

- Reduces complexity and increases readability of
main block diagram

* Creates reusable and distributable Ul components
e Since LabVIEW 8.0

 Need LV Professional Development suite to create

A
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Introduction — Typical use
« Create new controls

- Use the picture control
- Custom graphs are a common example (e.g. new graphs in LV2009)
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Anatomy of an XControl

+ Xcontrol library (.xctl) > i
A +- LIkl
- AbllItIeS ‘-Li‘% Zoomalideryert, ekl
. - |- [P Subs
- PFOpertIeS |- "_j'"F'ru:uperI:ies
-i- I EyllScale
- Methods liES=.
_ -;- L GraphRef
- Dependent f||eS i et MiceScaling
|—- ‘_j‘" Methaods
'ﬂ“TDggIEFuIISEaIE Wi
| - B Data.ctl
* Create _ |_l State.ctl
] [l de. vi
- My Computer — New — XControl 1=

- File — New... — select XControl
template

]
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Anatomy of an XControl - Abilities

« Data (required)
- Typedef that defines the XControl's datatype
« State a.k.a. Display State (required)

- Typedef that specifies any information other than the
XControl's data that determines the appearance of the
control

 Facade (required)

- VI of which the front panel defines the appearance of the
control and the block diagram defines its behaviour

A
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Anatomy of an XControl - Abilities

* |nit (required)

- VI called by LV when the control is first dropped on a front
panel or when a VI containing the control is loaded into
memory. Initializes the display state and/or allocate
resources used by the XControl

 Uninit (optional)

- VI called by LV when XControl is removed from memory.
Release resources allocated by the XControl

« Convert State For Save (optional)

- VI called by LV prior to saving the XControl. Use to clear
non-persistant fields from the display state data (to reduce
footprint on disk)

24-11-2009 The Ins and Outs of XControls
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Dissecting the Facade: Application — XControl interaction

« Facade is the heart of the XControl

 The Facade is a not continuously running event handler VI

* Visible part of the front panel window defines the appearance of
the XControl

13 Facade [¥Control.xctl:Facade.vi] Front Pane... E]@

File Edit Yiew Project

Cperate  Tools  Window Help

o> 1@1 IE | 13pt Application Fonk

M [N

=

Seleck

Contenks

A
S 24-11-2009

13 Test.vi Front Panel on XControl-test. lvproj/My Computer * E]@

File Edit Wew Project Qperate Tools Window  Help

o> 1@1 IE | 13pt Application Fonk

3

i =N B

Select Conkents

®Conkrol-test, eprogiMy Compuker | <

e
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Dissecting the Facade: Application — XControl interaction
« VI that uses the control calls the Facade when events are available

* Most of the action happens here

Alwazys wire zero For tirmeout, This Facade WIis not a continously running W1, This is 2 WI that should be weittan to respond to events, It is .
T should ot be waiting Forewver, called by LabMWIEW at appropriate times with appropriate events, Handle events For the controls on the fone Data and Dlsplay State
‘ panel here by adding cases ta the event structure, Storage is in the parent Vi
EE tal[1] Timeout - J [0] Tirmeout ]
[1] Data Change
n [2] Display State Change i n Ly
[3] Direction Change
[4] Exec State Change
Dizplay State Sut
: id 1 A
| Tupe
Tirne
————__w Are we indicator or control? _
53 i > R Flodz? —» |s the VI that contains us running?
R
——= & Reference to the control on the parent VI
— - . -
-
= Set TRUE if Data is altered [=—~ i =
Set TRU E |f DISplay State |S altered —h Etittiiiinn?;zii g_ylzluu m;diﬁ.rgata OUIE. ar
. . . - Isplay State Qut set the
Name as displayed in Edit — Undo |—# [Caction nare speoprtsSocean

A
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Dissecting the Facade: Direction Change event

» Generated when an instance of the XControl changes from a
control to an indicator or vice versa

« Update the appearance of the control here, e.g. using color,
disabled state and visibility properties of controls that make up
your XControl

 |If applicable, force control to a certain mode

= M[[ =] Direction Change ]
[aka In
= >

Display Stake In

Fuok kd O o
: a5 ok
Source Dy TFiret drap | First drop pess

Twpe

Tirne

ontainer State

VIREf T E
- Indicator? f-- i This contral does not support Indicator mode,
Refrium —| The conkral will remain in Conkrol mode,

=t :
C:@}-p indicator

]
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Dissecting the Facade: Exec State Change event

* Generated when the parent VI changes from edit to run mode
or vice versa

 Change appearance of control here if necessary

« Use Container State.Run Mode? To get current execution state

H M|[4] Exec State Change  TP——
[abck |
[isplay State In
[S<Ek e O

Tvpe
Tirne
Skring
i

orkainer State VIRef s I [T e
5 » : A e ¥Dij
= Indestort 1 D poiabied
0]

Source

A
E 24-11-2009 The Ins and Outs of XControls 12



/I TE LVUG.NL

echnologies

Dissecting the Facade: Display State Change event

 Generated when a method or property of the control is
executed

» Use the value in the Display State to update your
control's appearance

M[[7] Displav State Change =]

E
- £ B TabButkons
E’ wt O =ETB:I'E1:IN=U mt ||$ TabEaG

A A
................... | Skake Changed? +.+'.|
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Dissecting the Facade: Data Change event

e Generated when a value is written to the control's
terminal, a local variable or a value property

« Update state and appearance as necessary

% ][ 1] Data Change ~p
(D v |

Display State In

Data Ouk
Far]

Dizplay Skake O]
[=2) - e | | T B i [ e Y o P
SourceE et At E- qqqqqq
Type '--{Data Changed? i Eiutton —
Tirme B %
onkainer Skake WIREf

First tirne we write the value
From saved skake ko daka, al
other time we save the data
ko the skake.

= ' P 5
.l A value was writken to the ¥Control's kerminal, local or walue property,
Ipdate the appearance in response to data change,

24-11-2009
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State Persistance
» State of the XControl is stored in the parent VI

e Saved to disk when the parent VI is saved

 Use Convert State For Save ability to remove fields that
don't need to be saved to disk (e.g. refnums)

i3 FancyTab.xctl:Convert State For Save.vi Block Diagram on Fancy... E]@

File Edit “ew Project Operate Tools  Window  Help
D [@] ©[n][2][2] [wal@] s [ 130t Dislog Font 1.-||;,:,-.||.7]:1.H‘,{I
-

SaveDaka

&

4 Pollukion *
Display Stat : Display State To 5
~LastBtnivis LastBEniis | | prf‘T ate To Save]
T Malue Yalue ) -
- Display Skake can hawe non-persiskent Figlds, Skip the non-persistent
ontainer Skate ' - - ) : .
= Fields & include only the persistent fields, Display State To Saveis a
[k variank - it can accepk any bvpe.

Moke: IF vwou implement this ability, the Init ability needs to be suitably
rnadified ko read the persisted fields fram the Prewvious Skate inpuk,

FancyTab, lvprojhy Computer | £

]
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State Persistence

 Must implement state conversion code in Init ability to
convert back the Saved State to Display State

Eé.:.-.-'-.'-'.'-.'-'.'-.'-'.'-.'-'.'-.'-'.'-.'-'.'-.'-'.'-.'-'.'-.'-'.'-.'-'.'-.'-'.'-.'-'.'-.'-'.'-.'-'.'-.'-'.'-.'-'.'-.'-'.'-.'-'.'-: n : A e B e e e e e e

Previous Version
[HEEE

Current version

A

1.0.0.0

Previous Stake Mo Error =

B

efault Indicakor Skate r -
Pallution ~

urrent Skate

efault Control State . B LastBtrivis LastBtovis [ [] | iz
===k Yalue Yalus

FirstBukkonxOfF sek
FanzyTal TabButtons

e e B e e e e
LastBEnvis
Add a case for every version preceding the current wversion
¥ and place conversion code in there,

]
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Version Control

When releasing new version of your control, use the Init ability
to convert the State of previous versions of the control to the

current State

LVUG.NL

The version number can be set in the XControl properties dialog

Save old State data type under new name (linked to version)

Previous Version
[ EmE

g

1.0.0.0

Previous Skate

2

efault Indicator Skate

[F=:ck

ontainetr Stake

e [1dcsta]- B>

efault Conkraol Stake

:- n DeFault - : -.-.-.-.-.-.-.-.-.-.-.-.-.-.-,.-,.-...-...-...-...-...-.-.-,.-,.-,.-,.-,.-,.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-,.-,.-,.-,.-,.-.-.-.-.-.-.-.-.-EE

_urrent wersion

I*_l Mo Errar TH

ao
+Pollution *

FirstButbonxOfFset

FanerTal TabButtons
i TabBG

LastBEnYis

=

24-11-2009

urrent Skake
LaskBEris LastBEmYis | |, r S|
Yalue Yalue )

Y- ., EE_.. b b b e M R .-.E:

Aadd a case for every version preceding the current wersion
and place conversion code in there.

The Ins and Outs of XControls 17



/ T >

echnologies

Properties and Methods

LVUG.NL

Properties and methods basically just read or update
the Display State

Property exists of 1 or 2 Vl's

= (i ZoomSlidervertxcl —>»>  New — Property

4 [ Subs
. = [ Properties
S
=g = Fullscale
: I!r' Fullscale Read, vi
|=I“ Fullscale write, i
! ___E"" Log
.i- '_E"" GraphRef
L 5 L NiceScaling
E . rj‘" Methods
PO -T‘ ToggleFullScale, vi
} LI Diaka, cH
i‘l State,ctl
mi|  Facade.vi
: Init, vi

A
< 24-11-2009

Lg

13 Create Property

Marne:
Property

Direction:
Read/Write

/4 Readrite
Read Only
wWrike Only

[ Cancel ] [ Help ]

The Ins and Outs of XControls

DisEIaE Skate In

(S k

Lisplay Skake Ok

ge:iner Stake Write

alue

=0z ) FealFullscale
Eerrar in ﬁna errari

[SEac b

S|

5

Disélai State In Display Skate Quk
[tk 5|
Walue

ececfep | RialFUlISE ale e s |
Kconkainer Skate
- Read
lerror in (no error)
[Eatk 5|
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Properties and Methods

o MethOdS have basica”y the Same Do rict Ieave this berminal arw ired
template as properties _— R

* You can add multiple
inputs/outputs or have none at all ____ FEeksssomssss

Display State Change Event to update the appearance
Stk of the ®Conkral,

e Default methods and properties can't be replaced,
removed or overriden

e Can't inherit methods or properties from controls on the
Facade

24-11-2009 The Ins and Outs of XControls 19
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Properties and Methods

« Configure properties

24-11-2009

{3 ZoomSliderVert.xctl - XControl Properties
Category [ Iterm Setings
General Settings
Dacurmentakion
Item Settings Contents ) Unique Identifier
= I_i"; Zoom3lidervert. skl iscal
- _,.J uhs Fullacale
= Pr':'J ettics Localized Long Manme
— |
= g i Full5cale
I!l Fullscale Read.vi
I!l Fullscale write, vi
[ o Log
-t i
H --'c GraphReF Descripkion
52 Micescaling Defines the maximurmn and minimum ”
= walues for the slider ko operate
+ ) Methods betweer,
[m]l, Methad 3
i"l Data,ctl
[f] State.ctl
|=-;l_| Facade.vi “
[l Tnit.vi
ElfTag
W
w < >
[0]4 ] [ Cancel ] [ Help

The Ins and Outs of XControls
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Properties and Methods

« Configure methods

e Link method names with VI inputs and

outputs

LVUG.NL

i3 VITSubpanel.xctl:lnsert¥l.vi Front Panel on ZoomSliders. ... E]@

File Edit View Project Operate  Tools

Window  Help

IMSubf

o> i@l @ | 13pt Application Fonk

-
=
ad

oo ][5

Inserted VI ref,

i3 VITSubpanel.xctl - XControl Properties

Cateqgar PS
General Settings
Docurnentation
Ikem Setkings
-

[term Settings

I Path
9 = ]
Parameters
.
-.Dll o Mame
Value

&

¥ITSubpanel ref. (For kype)

& e
= ]

CDnt;n\E?TS m—— #| Method Path ZoornSliders Feproify Computer] ¢
=H ubpanel, xc Yiip .
ey APresentationLyYUIG2009_XCo -
=) Methods WITSubpanelMethods\InsertyI, 13 Configure Method
il RemovenlVis. i Localized Mame:
|='|:lp Remove\-‘l.i\fi —— Same as ¥I name
=
| Tvpes ;
* *'J ¥D Carfigure Parametsrs, | Farameters:
+ [ SubVls Marne Type Y Input YT Qukput Optional? -~
[ Data.c rekurm value Oukpuk Mone Inserked Y1 ref. Ho
[F] state.ct VI Path Tnput W1 Path More Mo
b'c.:]: Facade.vi Parameters Inpuk Parameters Mone Yes
[l Tt vi
[l Uininit.vi
“
< >
Current Parameter:
Parameter Tvpe:
Cukput " Cptional?
v
< Y VI Inpuk: YT Oukput:
Mone Inserted WI ref, v
[e]4 ] [ Cancel
[0]'4 ] [ Cancel ] [ Help ]

24-11-2009
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Debugging
* Open diagram of specific XControl instance

234
200 l

YWisible Items 3

hange to Indicator
Description and Tip...
Find

»
Create [ 3
Replace 3
Daka Cperations [ 3

2

Advanced
Fit. Control to Pane Synchronous Display
Scale Ohject with Pane Cuskomize, ..

Run-Tirme Shorkcuk Menu #

Key Mawvigation...

Properties

Configure slider. .. Hide Conkrol
Enabled Skate 3
-200 Shows Diagram \3
2E5 Ny I I I I -l I I 1 I 1
-0 10 20 a0 a0 50 B0 70 a0 a0 103

Tirme

» Use standard debugging tools and techniques

A
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Programming Techniques — Refresh Ul

» Ul update code is often needed in multiple events (e.g.

Display State Change, Data Change, Resize or other
FP events)

 Use Sub-VI with Ul update code that is called
whenever the Ul needs updating

- Potentially a lot of use of control references, which
could impact performance

« Use refresh section in Facade VI

24-11-2009 The Ins and Outs of XControls 23
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Programming Techniques — Refresh Ul

Facade ¥I is not a continously running Y1, This is a ¥I that should be written to respond to

Alhways wire zera For timeout, This events, Itis called by LabWIEW at appropriate times with appropriate events. Handle events
W1 should not be waiting Forever, for the contrals an the Fronk panel here by adding cases to the event struckure,

Ja[[>] Display State Change v}

A
1

LVUG.NL

Display State changed as a result of dropping a new instance of this ¥Contral, copying, undaoing &

operation or executing a custom property or method on this ¥Control, Update the appearance Fefresh UL
accordingly.

Fibc]

[1ata Cuk
= [A}~{Fabc
= = ?

Source

e True ¥

Type lTrue ~h

Eaimer Stat \JTII:I:F Cankents
onkainsr Skate ol b :

ckion
Foat

State Changed? ek

If vou modify Data Out ar
Display State Out set the
appropriate Boolean in Action
ko TRUE.

24-11-2009

The Ins and Outs of XControls
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Programming Techniques — Shortcut menus

o =T J[[1] "Pane™ Shorkcuk Menu Ackivation? =

M[[2] "Pane": Shortcut Menu Seleckion {User) H

-
14| False "t
Ho | IConFigure slider... 1

Sores EEEETEE T .--.-:--.--.--.-:--.--.--.-:--.--.--.-:--.--.--.-:--.--.--.--n :-.-:--.--.--.-:--.--.--.-:--.--.--.-:--.--.- P e
Type il ™| "Configslider"
Time :
PaneRef f B
MenuR.ef FIEFT Sore | E
Coords | B pooooss = i B
SUb0b] L Tvpe f ey SLide
— ; - 2 COHFIG ] 1]
Time DIALOS "l} State Changed? pphe—mmsemsms—
Paneref f E
IkemTag E
TkemPath : :
Conrds S e

SubiCbj . . 0

! {3 vertical ZoomSlider properties

* Decide if a menu-item needs _
. . Change to Indicatar Full scale range Scale Bind to
tO be ShOWﬂ at edlt'tlme, run- Description and Tip. ..

Maximum Twpe araphyiChart Conkrol
tlme Or both Find 4 Z00 o Linear W' aveform Graph W
« Remember to refresh the Ul if - . i _—
Display State is altered as a Do Operakons » )
Adwvance [ 2

response to a menu action Fit Control to Pane

Scale Object with Pane

[\f/ oK \l% Cancel ]

Properties —

C_Cunfigure slider. .. _-:)

A
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Programming Techniques — Custom Events
 |f you need the ability to notify the parent VI of actions

- - Default = =
—
== Current version I n
nit
T Error ~F] Display State|
— S & Morreeorrapep | List SelectEvent
4
Defaulk Indicator Skake " ,
[E=cH TE"' [ ] u
LiskSeleckEvent : U n I n It

_onkainer Skate

SV [Indicator? -

o
NIt {Current version) I"""*| Skring
; urrent State antainer State
S B et B
il ‘I
[EF
Default Control State
[tk

?ﬁ M[[51 "select": value Changs ~—
Facad e Pa re nt VI [EHl[0] <ListSelectEvent>: User Event *
g wCaonkrol 0 H
Tirne T (71 — 1 |_,! % RegBEwvents
CHRef — o [LstSelectEvent e ListSelectEvent Mememmmlh — Jser Event ¥ oy
DOldval g P F
Tl Ttern index j UstEvtRe
] B | oo (strick) Ttem Itgm
" TtemMames  Me|H) Tkern indesx
A
v
5 24-11-2009 The Ins and Outs of XControls
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Programming Techniques — Group properties and methods

 |f you have a lot of properties or methods that can be
categorized together, you might want to group them in

sl ';.-'arial:uln;s.[j S THHE 1 2 B My Computer
Property Modes[] = i"g wiZankrol, xctl
Skip when Tabbing e _._.__I Mathads
Skwle ID +
Synchronous Display = ‘_._,_." Properties
Terminal » +- [ e Property
Tip Skri : ;
T'p " - [ Ewvents:List5eleckEvent
wpedef [ ,_.1 . .
value él, LiskSelectEvent Read, vi
Yalue (Signaling) i‘| Data,ct
Wisible
Wizard Data lil State.ctl.
sControl b I:-Ml':| Facade, i
CEvents 3 ListSelectEvent ? |=-a-|LI:| IniE. vi
Drnpprl":_.' {. _.-'/ I:n-:lj L|I'|il'|i|:.'-.-'i
.ﬂ» LiskSelectEventData, ctl

Use colon in name to create
Submenu hierarchy

A
[; 24-11-2009 The Ins and Outs of XControls
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Programming Techniques — XControl with Active process

* E.g. need animation at run-time

Task VI is re-entrant, so each
XControl instance gets it's own task

T3 XCtBlinkingl ED. xctl:XCtBlinkingl EDTask.vi F... | [0J[24

File Edit Wiew Project Operate Tools  Window Help

o i@l Cu@ | 13pt Application Font - ” - ”@ i

BlinkingLED Refrum — ———___ _________________
:This file is part of the package BlinkingLED:.

; l[[4] Exec State Change  ~

I
1
1 1
ﬂ \Licensed under the BSC license. '
1 1
1Copyright (C) 2009, Martin Weiss. '
18l rights reserverd, !
‘BlinkingIntervaI “““““““““““““
100 13 XCtBlinkingLED_xctl:XCtiBlinki... | |0/ 7
File Edit WYiew Project Operate Tools ‘windo o W True =
EBlinkingLED  Ivprojify C — .II._E’Dk' ™ t
> [@] @ [n][@][25] [sal@]or [
/i Blinking interval is contralled * —
(! vialoop timing, Minimal value| 1 =l P [Fun Made? |- BlinkingLED Refrum
/I allowed is 100ms. % —H E O E E w4 E :E: ey VI
ElinkingInterval gofiHlo] 0 J—[ iZtrl val Set Ctrl val Set Run Y1
(132} Eﬁ; 2 [BlinkingLED | *{vConkral Mame || BElinkingInkerval FrContral Mame (v Wait Unkil Done
00 A EBoolean F— value v Yalue [ ¢ Id]-{»&40k0 Dispose Ref

n =< Bool (strict) ||

o valiSgnl) i
St oo
|m @ M False "E[
-
BlinkingLED lvproj/My Computer [ £ 5

y [Ran v -

(Reentrant) task VI =Y

| W o B
Abart W1 11: |

|| BlirkingLEL:

Oooooooono

Flarne -

A
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Programming Techniques — XControl with Active process

 Examples with re-entrant tasks

- Blinking LED example on LAVA CR — XControls
- Scrolling LED XControl on NI DevZone

 Example with shared animation engine

— AnimatorXControl (in LabVIEW examples if you
have DSC toolkit installed)

A
[v" 24-11-2009 The Ins and Outs of XControls
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Resources

LAVA Code Repository — User Interface — XControls
http://lavag.org/index.php?app=downloads&showcat=16

Tip on LAVA CR: XControl Inheritance tool for easy ‘inheriting' of properties and
methods of controls on your facade FP.

Scrolling LED XControl
http://decibel.ni.com/content/docs/DOC-1180

LabVIEW Help!

NI.COM - Search for 'XControl’' and browse categories Examples, Knowledgebase
and Tutorials

LabVIEW Advanced I: Architectures course

24-11-2009 The Ins and Outs of XControls
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