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Rappels LabVIEW 2

Boucles

Indexing

Shift register

Fils d’erreur défini I’ordre d’execussion
Fichiers — idem C, A fermeture et endianess
Call system exe



Dataflow & Shift register

Les shift registers sont des variables dépendantes du temps
qui mémorisent la (les) valeur(s) précédente(s) Valeurs précédentes

default

when k=0 k-1
o 'g k-2
I~ k-3

tmp(k-1) tmp(k)

k-1=0,0,1,2,3, ...



Boucle — auto-indexing

Auto indexing

[N] nombre d'itérations définie par la taille du tableau d'entrée (in:3)

@ auto indexing
B no auto-indexing

Accéde au i®me élément

du tableau d'entrée

out[] = {1, 2, 3}
e=3

[i] =2, N]=3

Ajout conditionnel




Rappel - gestion des Erreurs

Chainez les Vis a I'aide des errors pour controler I'ordre d'exécution des Vis.

Dans les boucles (for, while), utilisez un shift-registers pour mettre a
des erreurs a chaque itération.

jour |'état

Call m-

s-:n"ﬁL

s b P ]]error out




Cluster

Cluster-> structure avec des éléments de types

différents
error in (no error) error out
e Equivalentdes struct en C/C++ ’Esbi':‘— a =
e Le nombre d'éléments des clusters est fixe e s
e La couleur des clusters indique si les éléments sont el
de taille fixe (brun) ou non (rose)
e |l est possible de mettre un Cluster dans un Cluster

e Les éléments (champs) du Cluster peuvent étre
accédés par leur nom (recommandé) ou leur
position

error in (no error)l@ »

E| error out

by name [ new msgl{source =pk:
T e 5 T o .
by position new code %+,

unbundle bundle/modify



LabVIEW edition

m View Project Operate Tools

i Undo Window Size 8Z
Make selected values default Paste -
Select All BA

Make Current Values Default
Reinitialize Values to Default

Dark Blue Frame

_____________________________________

R max G max B max ) s N .
Visible llors > Pour tout les éléments de I'UI a la fois
. . -> Make Current values default
Find Terminal

Change to Indicator
Change to Array

Make Type Def.
Description and Tip...

Create

»
Replace >
»

l’lg ht'CI |Ck Data Operations Reinitialize to Default Value
Advanced > Make Current Value Default

Fit Control to Pane

Cut Dat
Scale Object with Pane R
Copy Data

Reorder Controls In Cluster... Paste Data
AutoSizing » |

Properties



LabVIEW edition

Create a sub-vi from a main vi in 2 clicks

=7 FETTmTmT T
Kﬁﬂ I H
H |
1 1
1 1
1 1
! ¥ | Sum
: :—.E
' i
1 1
1 1
! i
_ i ¥ | product
= i |1 yoL] —a
= 1 H
= H i
1 1
! i
: ______________ :
—

reate VI Snippet from Selection
Create SubVI

Create Simulatinn Subcyctem

[© .00 United s Gub) Fromepanel = ____
|¢ |@l [@| n | l 11pt Application FOME

) < >.g

number:0to 1 Numeric 2
4o 0
number: 0 to 4 Numeric
4o o
number: 0 to 3
do
number: 0 to in
Jo
a
v
<« € . RIS

® O O uUntitled 5 (SubVI) Block Diagram *
[>]®]@[n][@][25][wa[=[2][ 110t Appli %
:
= 2

DBL K

a
3
<> — =)« » 2§
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LabVIEW 3

* String

* Array

o Cluster, Matrix, (Waveform)
e Affichage

e Acquisition de signaux



Strings

Les strings LabVIEW sont comme des string
en C/C++.

Les strings peuvent étre redimensionnée

dynamiquement, LabVIEW se charge de la
gestion de la mémoire, elles ont une taille ¢ -
limites de 232 ~4Miillard de chars Gibek

Les strings LabVIEW connaissent leur taille

Un caractere est une string d'un élément,
un caractere peut étre représenté comme
un unsigned 8bits Integer ou [U8].

Les strings peuvent étre employées comme
des streams de bytes

C

typedef struct
LVString {

long size;

char[] string;

or C++

String string;

13



String functions

Initialize Strings

1Pabc String S[] = '\r';
v String S[] = 'Hello World';
Hello World Pabe]
array of Bytes UInt8 A[]l = {1,2,4,3};
"i__" -
A < B H B E gl Pabe] String S[] = (String)A;

Display formats
P normal
\t "\' code
g~ password
509 hexadecimal

14



String functions

String Length Hello World B el

Pibc |

Concatenate

W Hello World
String Subset |—

&
| ORI -y
L]

W Hello World Pibc
L€
Match Pattern space Bw--r ut m m Pabc ]

space

Search & Replace

return

Length = 11

wn
1

S = "lo Wo"
S1 = "Hello"
S2 = "World"
S = "Hello
World"

"Hello World"

Length = sizeof("Hello World");

S =S + "Hello " + "World";
strcat(S,"Hello ");

strcat (S, "World");

S = StrSubset("Hello World",3,5);

S[2] = SplitStr("Hello World","\s");

S = ReplaceStr("Hello World","\s","\r");

15



String functions

Format Into String

sprintf(S,"Result :%d, %6f",
S = "Result : 135, 32.089000" 135.32.089) :

5

8.0.0 Edit Format String
Right — click la fonction
Current format sequence Selected operation (example) . .
Format string [Format fractional number (12.345) s Format |nt° Strlng pOUf
Format decimal i.nteger Options ed/ter prec/sement /e
Output exact string istificaton [Righbiust ﬂ .
s ¢ format de la conversion
Padding |Pad using spaces ﬂ
( Add New Operation B # Use minimum field width: 6
Remove This Operation N "] Use specified precision: 0
Corresponding format string
%s %d, %61
OK Cancel Help \
%s %d, %6f String format will be

automatically added to

E*%?Etmww{ Pabc | the node



String functions

Scan from String

\s'

[5f %['A-Za-2) %s %d}

B3.14is pi 2 TRUE

Default values

Error = "Scan From String (arg 4) in Strings.vi"
D =3.14

S = "is pi"

B = FALSE

D Error because the last two
elements are inverted

5 Right — click la fonction

Format into String pour
éditer précisément le
format de la conversion

I=0
8.0.0 Edit Scan String
Current scan sequence Selected operation (example)
Scan number |Scan string of characters in set
Scan stng o characters in s Options
Scan decimal integer =
N String:
Scan string
A-Za-z
Add New Operation
( Remove This Operation
Corresponding scan string
%f %[ A-Za-z] %d %s
OK Cancel Help

Use %s for a single string (no delimiter like \s, \r, etc) otherwise specify the allowed
characters in [], in the above example \s A-Za-z]

cin > D >> S >> B >> I;

If (cin.fail())

sscanf (S, "%f %[ A-Za-z] %s %d",
&D, S, &B, &i);
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String functions

Array to Spreadsheet String

format Double A = {{4.3, 5.6} {1.8, 2.2}};
S = "4.300 5.600 String F = "%.3f";
1.800 2.200" S = ArrayToSpreadSheetStr(A,F);

%.3f -> double with 3 digits after .

Spreadsheet String to Array

String S "4.3, 5.6\rl1.8,2.2";

format String F = "%d";

l delimiter

A={{4 6} String D

PIBI {2 21}} A = SpreadSheetStrToArray(S,F,D);

A %d -> convert into integer (IEEE 754)

18



String functions

Example of string parsing

long blabla before the interesting part that needs to be removed first!! sulftng Lo = "Loig BLALE Jevere wlie
interesting part that needs to be

time: 12.1.2012 - 15:13 removed first!!\rtime: 12.1.2012 -

g:green 15:13\rc: green\ri: 123"
ii 123

MatchPattern(LS, "time:\s",
NULL,NULL,After);

S ="12.1.21012 -15:13"
MatchPattern(After, "c:\s",
S,NULL,After2);
C = "green"
MatchPattern(After2, "i:\s",
B = TRUE C,NULL,After3);
B = (C=="green");
I =123 atoi (After3,I)

Decimal String to number
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String functions

Example of string parsing

long blabla before the interesting part that needs to be removed first!!
time: 12.1.2012 - 15:13

c: green
ir 123
S ="12.1.21012 -15:13"
C = "green"
B = TRUE
I =123

Decimal String to number

// -- c++ version --

string LS = "long blabla before the
interesting part that needs to be
removed first!!\rtime: 12.1.2012 -
15:13\rc: green\ri: 123"

int P, I, B;
string T,S,C;

P =LS.find("time: ");

T = LS.substr(P + 6,LS.size());
P=T.find("c: ");

S = T.substr(0,P);

T = T.substr(P + 3,T.size());
P=T.find("i: ");

C = T.substr(e,P);

B = C.compare(0,5,"green") ;

T = T.substr(P+3,T.size());

I =atoi(T.c_str());

20



Tableau array

Tableau (Array) -> structure contenant des éléments du méme type

Tableau vide ‘:‘E.D 1D array
0 est grisé v

1 visible

Tableau vide Ho D—[@] 2D array
Os sont grisés S0

4 visibles

0 5D array
3 éléments 50: |:|
4 1 vide S0
6 4 visibles 0
m oo




Initialize arrays

o |1l2l3
0 _lalsle
1

Array functions

»oBL] (cst_array

poeL] |dbl_array

»OEL] [rand_array

const dbl cst_array[2][3] =

{{1,2,3} , {4.5,6}};

dbl dbl_array [2][3] =

{{-1’_1’-1}’{-1’_1v_1}};

dbl rnd_arrayl[]I];
for (r=0; r<2; r++)

for (c=0;c<3;c++)

rand_array[r]l[cl=rand();
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How big an array ?

In LabVIEW 2013 32bit In LabVIEW 2017 64bit
» 100M 2GB
100’000°000 pts x 8 Bytes ~ 800 MBytes 2147483647 = MaxInt = 231-1 ~ 2 GBytes
FYeYe
LabVIEW: Memory is full.
The top-level VI "Arrays.vi" was stopped at
FrontPanelDataController "100M" on the block diagram LabVIEW 201 7_64bit can handle SUCh Size

of "Arrays.vi".
Refer to the VI Memory Usage topic in the LabVIEW

Help for suggestions on monitoring and improving VI
memory usage.

+ Utilisez quand c'est possible des primitives in-place qui ne travaillent directement sur les tableaux sans les copier
* Check the Buffer Allocations, Tools»Profile»Show Buffer Allocations




Array functions

Les tableaux LabVIEW connaissent leur(s) taille(s)

o | e elen

3 | 5 row
=2 0 colum

Les tableaux LabVIEW sont dynamiques

) 5—{sz]|elem

E}' $152]|elem +1

A4

Build array

int A1[3] = {1,2,3};

elem = ArraySize(Al);

int A2[3] = {{1,2,3},
{4,5,6}};

row = Get(ArraySize(A2),0);

Colum = Get(ArraySize(A2),1);

int A3[3] = {1,2,3};
elem = ArraySize(A3);
Ad4= BuildArray(A3,4);

elem_1 = ArraySize(A4);

25



Array functions

Acces aux éléments du tableau équivalent aux [ ] en c

1
| 3
0 F:r——- AlT={12 int Array[6] = {{1,2,3},
T 0 112131 G 3]+ By * A [I={{2,3},
0

.t {5,6}} {4.5,6}};
45|60 | Bhj=

i
I.
>
I}

1,3);

» B BlI={4,5,6}

Unconnected inputs are set to default (see help window for default values)

GetSubArray(Array,def,all,

B = GetIndexArray(Array, 1,

» e e=6 all) :

poBL || f f=0
e = GetIndexElem(Array, 1, 2);
f = GetIndexElem(Array, def,
2);

26



Delete/insert/replace array elements

A S

Array functions

delete

&

"

insert

o

=t
o

]

replace

[ |
~J oo
P Ll (s u s
.(‘

Cll1=A{1,4}

D[] = {2,3}

E[] = {1,9,4}

F[i = {8,9,4}

int Array[4] {1,2,3,4};

Delete(Array,2,1,C,D);

Insert(C,1,9.0,E);

Replace(E,0,8.0,F);

Replace(F,3,7.0,F);

27



Array functions

Ex: sort in 2 arrays positive from negative values

_All
| True vp
]
Pos
Neg

double Pos[] {}:

double Negl[]

{}:

double _A[l;

for (i=0; r<1000; i++)

_Alil]l=rand() * 2 - 1;

for (j=0; j<size(_A),j++) {

if (_ALjl12 0)

AppendArray (Pos,
_ALID);
else
AppendArray (Neg,
_ALID);

28



Array functions

Ex: sort positive from negative values, alternative solution double A[188]:

(values indexes differ)
double B[100];

double Neg[], Pos|[];
Double T=0;

int 1i;

GenRand (100, &A);

Sort(A, &B);
for (i=0, i<SizeArray(B), i++){

if (B[1]1<T) && (B[i+1]>=T))

100 cjag " O break;
fhyﬂﬁ g %

i++;

}

Split(B, i, &Neg, &Pos);

29



G data types - Matrix

ISR

AE 3] 0
HHEE

0.0 00

............. KJBL] matrix

[1E] Fosi] |A

_]T[gggg]}KJBL] B

—I0EY%os | c

fo 11213l ¢
10 _Iralsfel
=0 l1f2]3] c
Ho ]|l

=0

=0

.,,,i][;g]]u‘)m] D
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Matrix functions

ity ¥ 2] pons
Identi }_[...]:‘:'l ,,,,,,,,,, Jeaeacacacacacacs ‘ 6] || o]

[#: ] eond

[#: ] eond

]

}— [ [][][]|

[:] [

ABDB

[#:]eond

[#: ] cond

| Real '_ﬂ 1 xxxxx [B“g]?* row

= 132 ]| col [“h]l’

el

[=]Za;

[#:]cond

] ,,,,, [E][‘“"] -=Moe1] | T1 L] cn
: Xii Xi| [5351'1

[::] e
. | [E i

Y[

[#]

[#:]eond

[#:]cond

[#:]eond

F T -=fiosd | T2 ?]TUI

FRénd

A=zUsyT
I[ase]['-.][ess]

KE xxxxx [::]ewn n‘)BL] Inv. 2 Tl

[#:]cond

[] A=0LS07

it e wAE

[#:]ewn

[ ewn

E()iH)x 63 [0 u‘)Bl.] SQR |68 [0

- N [][] Ax=ax

Ax=aBx

PograN
[*2]

| AT-A]
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SR ‘v:\\\\\irw
v

il

GUI - display data

graph

x-y graph




Chart

Ajoute une (set de) valeur(s) a la fois, i.e. a chaque iteration/appel

1024

Utilisez un attribute node pour

. . remettre le charta 0
Number of data points in chart

history buffer

1024

( OK ) [ Cancel ) [ Help




Graph

Ajoutes n plots a chaque appel/itération, le graph est renouvelé chaque fois

Si les données connectées sont au format waveform, I'échelle des x s'adapte automatiquement

Ploto [
Plot 1 [y |
[HR
@l = Y. -
B 2wl | = T
200 g [>
[i]

Probléme de
mise a ['échelle ?

* Ajoute une nouvelle échelle des Y
* Assigne chaque plot a son échelle respective

36



Graph - customization

Amplitude

Click ou right-click pour
accéder ou modifier les
propriétés du grap

37




Graph - customization

= rand
M*rand

0.8 J Plot Visible
' Common Plots  »
o -06 3 Color b
c - )
o :,- Line Style »
194 Line Width >
Anti-Aliased
-0.2
Bar Plots 2
-0 Fill Base Line 3
Y AutoSca.Ie Y 40 60 80 100 lati )
v Loose Fit Time Interpolation
v Visible Scale Label Point Style 3
Swap Sides X Scale 2
Duplicate Scale YScale [, ong
Delete Scale \ ) | . Export rand 2
Properties Cree une nouvelle échelle puis lui

assigner un plot/courbe
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Graph - customization

rand

0-} 1 ] 1 ] 1 1 ] 1 ] i~ 0
30 32 34 36 38 40 42 44 46 48 50
Time

R

Les curseurs peuvent étre libres (free) or
attachés (attached) a un plot donné

&1

Cursors:

| X

| Y

Cursor 0

M*rand

44
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Similaires aux Graphs pour afficher une courbe paramétrique ©

X-Y Graph

I I I I
-2000 -1000 0 1000 2000

The famous first vortex recording, cars race

I
3000

car 1 -

car 2 -

X1

iy P

- ?g;;;[gkz'w.-;]
Y2
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LA nano cars' race

* Acquisition, supervision & control via LabVIEW.
* Nano car: ~10 cm long, max speed ~4 m/s.
* 16 cameras give absolute car's positions and angle.

41



X-Y Graph - an example

42



X-Y Graph

Similaires aux Graphs pour afficher une courbe paramétrique ©

.......

.....

,,,,,
......

160.584-

I I I [ I I
-2477.53 -2400 -2300 -2200 -2100 -2039.33

The famous first vortex recording, cars race
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X-Y Graph - an example

Trace lenght "',) 2000 h [ms] .'3} 1 speed mul. 'r') 50 car width i}) 50 car lenght :‘) 100
trace 1 -
- carl
> X]: speed 1
Dl : :),m trace 2 -
Yl car 2
70 o) -1590. speed 2

Car 2
X2
i ‘
) 0 ) 671.72¢
Y2

= -
0 ol-1325.

- I I I I I . .
Race -3000  -2000  -1000 0 1000 2000 3000| HEB® ] "



X-Y Graph - an example

“draw” the cars and the tails

N
EETrace lenght
F:l
X1|[pBLY &—15}
trace 1
Y1|[0BLM L
Car
X2|[pBLY S
trace 2
Y2 :Ill-l | = Car
car width (D51 ¥
speed mul.| DEL »
Race
Race
71 — 7T car lenght|[D5L » J :
p Max
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X-Y Graph - an example

“draw” the car and the speed given 2 pts

Car trace

ot [ H

car width »

@ ™ back left pt‘”‘“‘EE
Get PSP back right pt“EE

@ == front left pt"“EE

Get Ptsp= front right pt“EE

car Lenght »
@ center front Pt e
Get Pts‘Em center back Pl
e
im_ 8 angle
speed [> -
Speed mul. »

............... = speed start pt“EE
Z

G(;}-'Ptsm speed end pt‘EE

Car

oooog [0oooo
R I EEER:

—
10| |Crrrrirn
%

: EE Lﬁﬁkx boa i)

i 2]
<[H

i
'

oo
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X-Y Graph - an example

Compute the car’s points, given angle and radius

center [0z Hemp [ Cx

A

front

|—H-0|m{| front

VAV

left

angle|[DEL » o
|::> cos

radius | DEL ¥ I> sin

cos

center

back right

NVAVARARVARVAV
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Intensity chart

0
0
3
0
0

OlwWw O W o
Wi O O w
OlWwWw O W o

OO W O O

GUI - display data

-10

2D picture

10

40

3D picture

|5 "+ SceneObject

—')D_l|

Set Drawable

._.r

Drawable ’
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Demo

The famous Jean-Hubert's image
selection problem

Staring:
 Displaying Image
* Image computation
* Graph
* Cursor

49



Intensity Graph

X-Y graph with Z as a color
User can switch Color Look Up Table

80

60-

> 40-

20—

0= v v 0 T
0 10 20 30 40 50 60 70 80
X

N\

............. »ColorThl

80-
60-

> 40-
20-

0-

o b
0 10 20 30 40 50 60 70 80
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2D Picture

The best way to draw fully customized element in the front panel,

can be tedious!

* Index image can be 1, 4, 8 bits/pixel with color table

« RGB image are 24 bits/pixel

* You can programmatically compose your picture

* You can programmatically access any pixel

* Many image primitives are provided, still tedious

RGB (24bit) pixmap

8bit image + gray CLUT

00 —»

Coordinates !

1bit image

51



2D Pictu

Many image primitives are provided, especially for chart/graph

PNG

(31

picture

image type

f

image depth

image

|0 8]
+ 43
BEB

mask

N
H
&

re

pixmap

colors

Rectangle

Rectangle.right

Rectangle.bottom

image data

Unflatten pixmap

top left
24-Dit pixmap
!-*E 8-bit pixmap

NN

: 4-bit pixmap
w7 - DIt pixmap
colors

mask

= -+ [= -] [+ - 1 .ploﬂ
| O— [~ -| | mplot3
iy [N AV aplotz
] ~[E=]" 2] B 2|

T -.-»E b
EEEE
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2D Picture

Chart/graph primitives

101

o5l I> PPt o
‘ og

~25.00 A

[F]

<<<<< i
25.00 [> [> ;s—‘l‘}
Fabte

» 24

Map Data -->

Prepare Plot Style -->




2D Picture

AR
AL

e [,

Object plot 2D primitives

\}'1
: .//
s o

2D Compass
0
D 2D Feather Comp £0BJ]
0 |[0.063652 e N g e
Helper IPIot Helper (Vector) '"

5o |[o77s01] 2;; b
]

Yector
Helper

|Plot Helper (Percentage) 'ﬂ

IPIot Helper (Vector) 'ﬂ




2D Picture

Use to display video image
no more IMAQ controller on OSX

Res. 0-

Fps. 0

CameraID-—l_rl: :'!"’D?
EVE Start

Use the LVsOCV or QTLib for additional video related functionalities on OSX!
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Cars race revisited — 2D picture

Car 1l
X1
£ “T £ :
T I,j 695.79:

Car 2
X2
4 ’(T £ :
T I,—jG?l.?Zt
Y2
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2D Picture

Build image as stacked layers

Frame color|[u32

Car color|[u32}
picture- 7@..
N
. [l
Car + Speed[=0=l [T eaHe = — Ot
-t
-t g |V
N
i )g | [
X offset| DBl '—L:; —F XF i
Y offset|@ » ] g [0 = OE

scale|[DEL»

Speed Color|[u32

|§[ N
= &
2
" |[L2Solid ¥  Solid ¥

picture + car

57



Cars race revisited

Background + Pub

LA's £ Lap 396%/ 75000
S ramous car race car 1 speed 2.04 [m/s]
car 1 speed 2.58 [m/s]

|§‘
........................... ab(}
I'A's famous car race|
| User-specified Font ¥|
EI L |
Trace lenght
)]
X1
Cars
Y1|[nmg Im]
Lap %d / %d
;" car 1 speed %.2f [m/s)
car 1 speed %.2f [m/s)
X2|[pBL Im]
-
Y2 b car_| F%
BOCT —8
E|
DE
[ carwiotn[Ts - scale[51 8-
speed mul.[[T5 ¥ Y offset 050
X offset|[DEL» . .
car lenght[051 b —— Live info
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Trace lenght 9! 10

Car1l
X1

Jo v

Yl

Jo [ ees

Car 2
X2

50 671724

Y2

J° e

Cars race revisited

Lap 3966/ 75000

LA's famous car race car 1 speed 2.04 [m/s)
car 1 speed 2.58 [m/s]

h [ms] @] 1 speed mul.@‘ 100 car width 9! 60 car Ienghta\ 120
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3D Picture

Similar to 2D pictures but in 3D
can be tedious!

3D picture can be displayed in
« 3D picture indicator (scene)
* 3D graph
« External window (much faster display)

Build and animate your 3D world a-la VRML

B o]

f{o_ 5 "# SceneObject 5

Set Drawable

Drawable ’

40 J@—f’

You can move the camera interactively or programmatically
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3D Picture

Ex: animated solar system

ACamera Controller
Scene Display
0 Setup Camera bCameraController Type,
0 amera Position AutoProjection
~100 Target S t
Up Direction et camera
-
. 5 "+ SceneWindow | b= SceneWindow H
Bulld Our scene Setup Camera d AutoProjection
A Camera Position ] ‘WinBounds
Target PCameraController AutoRedraw
L Up Direction
0
J4[[0] Timeout b X

% = SceneTexture |

P ApplyMode

OO0000000000000000000000000IIII0000000000000I00000000000000000No000000000000000000000008

PHorizontalWrapMode SconeWindow Do
§ = SceneWindow
— Scen
Move Earth and Rotate Earth and Rotate Earth around  Rotate Earth Move Moon away  Rotate Moon
{8 = SceneObject 5} %% SceneObject RI [R "+ SceneObject | Moon off origin Moon around Sun it's x-axis so texture around its from Earth W[True ~b]
[Fon ~]—Pspecials Texturing| [ Texture.Set Texture | | ObjectAdd Object | looks correct axis
P Texture B O Object o _{_\(_l TF e ri' | e = ,,}
m— f ‘ < [A] P State
| Loflf |

0 p— ol [ [*Open 7]
1 Hep o
o I8

!

P ApplyMode % "# SceneObject ) [}

Object.Add Object 0

r # SceneObject 5| | [ "+ SceneObject §I
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3D Graph

Replace the old ActiveX graphs

* Build with the 3D pictures in plain LV

* Many predefined graphs format

*  When you drop the 3D graph control a Plot Helper vi
is dropped as well

* Just need to feed data

« Can be animated same as 2D example

0.92

s

0eT

P

| €™

Plot | Digez]
Helper

I Plot Helper (Vector) ¥||

£
€

(A 2

@00E
BEB®
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Drone flight

=) I

X

[-397.628

Ex: Drone flight

3D Graph

3D Scatter
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Graph

Ex: Drone flight — easy as pie!

Drone flight

3D Scatter

-9999!

-5000C

-69.06

—

3D Scatter

lot

| ﬂglper

|Plot Helper (Vector) '"

| Category

Graph
Light
Axis
Value Pair
Format
Cursor
Scatter

2 Axis )

Name Label Marker Range
™ Normal visible ™ Normal visible ) Auto scale
# Opposite visible ¥ Opposite visible () Inverted

W Color M Color () Logarithm
Size Size Maximum

8 18] 3 18] 2000 18]
Text Minimum

Z Axis 0 8]
Grid Tick Tick Spacing

™ Major grid visible ™ Major tick visible Major tick count
() Minor grid visible @ Minor tick visible s 8]
W Major grid color M Major tick color Minonbecount
1 Minor grid color W Minor tick color 3 O

oK Cancel Help

3D Scatter

71 E— 71
(Vi Marker Size
[vie B Name Label Size
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Mesure en moins de 10 slides

* LabVIEW a initialement été créé pour faire de la mesure,
il a évolué en un environnement de développement
complet

* LabVIEW peut accéder a un grand nombre d'appareils et
d'interfaces de mesures (au travers de drivers)

* La puissance de LabVIEW vient du fait qu'il propose une
interface standard qui cache la partie compliquée de
I'acces au matériel

GPIB instrument DAQ card USB device cRio controller
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Choix d'une solution DAQ

Questions pour choisir une solution/hardware

* Nombre d'entrée et de sortie

 Types (digital/analogique) des entrées et des sorties

« Gamme d'utilisation des entrées et des sorties (volt)

« Résolution des entrées et des sorties (bits)

» Fréquence des entrées et des sorties (Hertz)

* Mesure (plusieurs points a la fois) ou control (un point
apres l'autre)

 Conditionnement du signal
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Du capteur au processeur

Le phénomene physique est acquis par le capteur, puis il est transmis au module de
conditionnement du signal afin d'étre amplifié. Il est finalement converti en un
nombre par le convertisseur analogique/digital situé sur la carte d'acquisition

Physical Signal Signal CPU
phenomenon Sensor Signal conditioning conversion memory

3FE8 A3D2 9162 BBBC
3FF7 37DD FDEA 5B9A
4006 B219 88D6 F5E7

400E A87C 5DO9E 8424
400D ECO2 8OFD Al83
4015 4330 3575 2CC2
4015 F6A1 A3C6 199C
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Capteur - types de signal

Analogue

— Forme
— Amplitude

— Fréquence

Digitale
— Etat
— Période

Les signaux digitaux peuvent étre
traités comme des signaux analogues
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Phase

Amplitude

A 4

A

Period

Frequency = 1/period



Conversion A->D

Convertir un signal analogique en une représentation digitale se fait en
deux étapes. La premiere étape est de prendre un échantillon du signal
analogique continu (sample and hold circuit). La deuxieme étape est de
convertir le signal analogue "mémorisé" en un nombre a I'aide du
convertisseur A/D). Ce processus est répété apres un certain temps
appelé période d'échantillonage sampling period (or frequency).

V4 . sample ;. , .
Le processus d'échantillonage est

aveugle entre les échantillons.
La période d'échantillonage est
généralement constante entre les
échantillons.

Sampling
period
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Echantillonnage du signal

La fréquence a laquelle le signal analogique est échantillonné doit
étre en pratique 10 fois (2 x en théorie) plus rapide que la fréquence
maximum que |'on veut observer. Sinon le signal peut ne pas étre
reconstruit correctement

Ex. Pour mesurer du 220v a 50Hz, la fréquence d'échantillonnage devrait
étre d'environs 500Hz.
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Conversion A/D

Le convertisseur AD (ADC) transforme le signal analogique en une représentation
digitale. La résolution du convertisseur défini le nombre possible de valeurs que
peut avoir le signal de sortie

[V] A
+ 10 T ,""[ N
‘ 11
~ ADe 10—(=10)
10 10, ——10=
0+ 10 2
01 (2*%5)—10=0[v]
00
-10 -

2 bits -> 22 =4 |levels
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Conversion A/D

Le convertisseur AD (ADC) transforme le signal analogique en une représentation
digitale. La résolution du convertisseur défini le nombre possible de valeurs que
peut avoir le signal de sortie

[V] A

+10

1111
| L. 1110
i k 1100
2 5 ADE 10 - (-10)
,J'J L-'L, 1010 1 O 1 0
I + - 1001 b 2
0+ - gt A am 1010 2

i i (10%1.25) =10 = 2.5[V]
L | 0100
5N e 0011

[ el 0010

Ly = 0001

_ 10 | | ESS—— 0000

~10 =

4 bits -> 24 =16 levels
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Conversion A/D

Le convertisseur AD (ADC) transforme le signal analogique en une représentation
digitale. La résolution du convertisseur défini le nombre possible de valeurs que
peut avoir le signal de sortie

[V] A
+ 10 T ,"i_ﬁ"-\ 11111111
& ADC
X 10-(-10
N\ 1@1@10011)#_10:
04+ | 10101001 2
= (169*0.078125)-10 = 3.20[ V]
10 L ~ s,

8 bits -> 28 =256 levels
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Windows — MAX & DAQ assistant

Configure tasks with
Measurement & Automation

4DAQ Assistant 1
Explorer (MAX) T W = =l
Test Add Channels Remove Channels Show Help
Show Datals ;“ Voltage Input Setup
Voltage Settings ‘2\ Calibration
Hax = Volts v
Min -10

Or use DAQ assistant Express VI

Terminal Configuration

Differential v
Ciick the Add Channeks button to "
add more channels to the task. Custom Scal lngl /j
<No Scale> |
v
6 Task Timing ﬂ' Task Triggering
»
O 1 5ample (On Demand)
L4 O Acoorophs (N Thae) Samples To Read 1000
& N Samples
' Maveform Graph| O Cortinuous Rate (2 m
DAQ Assistant
: Clock Type Active Edge
data — Internal % Rising v v
B

{mu Express Task | 2 Connection Diagram

0K Cancel




Data acquisition (DAQ)

Les opérations d'entrée/sortie LabVIEW sont basées sur des taches. Une tache représente
une opération sur les entrées ou les sorties. Les étapes suivantes sont nécessaires:

- Create

- Configure
- Start

- Read/write
- Stop

- Clear

Create Configure Start

{5 devl/aio ||

yz
1

+—
Juun AN

|A| Voltage v|| Analog 1D DBL -
NChan 1Samp

v Analog Input
Analoqg Output |[jnm »
Digital Input N—
Diagital Output 3
Counter Input AN

Counter Output Analog 1D DBL
NChan 1Samp

v v

...... > @

v

v

Write
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Slides suplémentaires
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Playing a sound

The sound DAs converter has some specificities:

the output rates is fixed (11025, 22050 and 44100 S/s)
the DA sample resolution can be set to 8 or 16 bit
two or more channels (mono, stereo)

the converter(s) is/are connected to speaker(s)

Jd K K ! 4

™, ™, at sy !

A A AT A
| | 4 |

U AU AN AN A

L ; . ; . ! 1 ! }
ST S AT S N S ST SR - buffer
‘0‘ + ‘0‘ ¢ L T L L TS
o ¢ v v y o] A
L 4 L4 | 4 | 4 | 4 C
e ] ' e | ® | * | left
VARV R ¥ Y right
¥ % ‘o: f f 8

>

sound samples \L \L

9 Next sample every 1/44100 sec

Analog signal
9/\/\/‘

One sample, 8bit

Speaker
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Playing a sound

Outputting a sinusoidal at a given frequency given the output rate of 44100 S/s.
Maximum theoretical playable frequency 44100/2 = 22050 Hz.
Human ear: baby ~20hz — 20khz, after 25y.0. ~16khz, computer speaker : 200Hz -12khz

Example:
Desired output frequency: 1000Hz -> 1000 sinusoidal per second
Nbr samples per sinusoidal for T000Hz -> 44100/1000 -> 44.1 samples per sinusoidal

How do we deal with the ".1" in 44.1 ?

Solution: generate more than 1 sinusoidal and shift the phase of the next sinusoidal

until the phase goes back to 0. In our example every 10 sinusoidals the phase
goes back to 0.

Note: in the project we'll define the number of samples, not the frequency, it will calculate80



Acquiring a sound

As easy as other DAQ operations © !

rContinuous Samples |

Device ID

o

2000
Number of Samples/ch

Configure Read Clear
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Playing a sound

As easy as other DAQ operations © !

PContinuous Samples ¥]

| 4 — -
(44100 [ 2= |, ® [|<¢
. ds| | <€ d| | <€
Configure Start Write Stop Clear

Note: similar set of Vs exists for sound input operations
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Talk to an Arduino

pin o'%;fl
,ZE[ [ 1
Py |
4- {
] ” f\ m (TUIT]
> 35 l f
= b W }
el |
. Y Y |
300 325 350 375 400 425 450 475 500 525 550 575 600
Time
Stop ‘
»0EL ||Chart

Arduino |[I70 K — \r

] B

..... e x| CLOSE % T‘;q

----- LIFA.ino

. lear
Configure Read Clea https://arduino.cc

LabVIEW Interface for Arduino

via VIMP LabVIEW community edition (free)
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