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Penraemesie 3anauu

* Hay4yurtbscst ocHOBaM rpau4ecKoro
IpOrpaMMHUPOBAHUS

* Bosmoxxnocte npuMeHeHus LabVIEW s
CO3JaHUsI COOCTBEHHBIX IIPUJIOKCHUN
- COop, aHaIN3, 0OTOOpaKEHUE U COXPAHCHUE JaHHBIX

— Ilouck 1 ucnoap3oBaHue (PYHKUIHUN aHAINW3a U
00padoTKH

— Mcnonbp30BaHue pa3IMUHbBIX TUIIOB JAHHBIX

— 3anuch 1 1e4yarh pe3yJIibTaroB



I’ papuueckas cpena pazpadorku LabVIEW

* Cpena rpau4ecKoro nporpaMMHpPOBaHUS

* Mcnonuenue koaa Ha pa3nuuHbix OC U yCTpOUCTBAX

* [Ilupokny nquanaszon NpUIOKEHUN
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[IpunoxxeHust Ha 0a3e BUPTYyaJIbHBIX IPUOOPOB

Pa3padoTka

— (OO0paboTKa CUTHAJIOB U
BUICOM300paKEHUM

— BcTpaeBaemMble mporpaMMUpPyEMBbIE

CHUCTEMBI | . Proto ty
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— IlocTpoeHne IpOTOTUIIOB U pe
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— MHoroe apyroe LACRCACRCR

l\Q_ -
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— ABTOMAaTHYECKOE YIIPABICHUE RS a

JVHAMUYECKUMH CUCTEMAMHU CRCRCRCNCN

— MexarpoHukau poOOTOTEXHHUKA
— MHoroe gpyroe
N3mepenus
— DIIEKPOHUKA U DJNEKTPOTEXHHUKA
— (OCHOBBI UBMEPHUTEIIBHBIX TEXHOJIOTUHN
— MHoroe apyroe
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Cpena LabVIEW

A. Coop ganubix npu nomoiu I1K

» Data Acquisition Devices
— NI-DAQ
— Cumynarop coopa JaHHBIX
— 3BYKOBas KapTa

B. Cpena rpadguyeckoro nporpammupoBanus LabVIEW
JIuneBas manens / biiok guarpamma
 [lanuTpa QyHKIIUN ¥ HHCTPYMEHTOB
C. Kommonentsl npuiiokeaud B LabVIEW
Cozmanue mox BII
* ['paduyueckoe MOCTpOECHUE KOAA

D. JIonoJIHUTENEHOE KOHTEKCTHOC MEHIO ITIOMOIIIH

* [louck QyHKIHM
* Ocobennoctu padotsl B LabVIEW



Hactpoiika 000pynoBaHus

* YcrpoiictBa coopa maHHbx (DAQ) s P
— Kaptel USB, PCI, or PXI Device
— Configured in MAX

e Cumyisatop yerporcta (DAQ)

— Cumynsmus DAQ ycrporcTBa
— Configured in MAX

* 3BYKOBas Kapra
— Berpoennas Bo maorue 11K
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TexHuueckue XapakTepUCTUKH YCTPOUCTB
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Yrto Takoe MAX?

« MAX - Measurement & Automation Explorer.

* MAX KOH(pUTYpUPYET U OTOOpaAKaeT BCE YCTPOMCTBA
National Instruments- DAQ, PCI/PXI instruments, GPIB,
IMAQ, IVI, Motion, VISA, and VXI devices.

e OKHO JJ14 KOH(PUT'YpallMu U TECTUPOBAHUSI .

Hangure nKOHKY
Ha Pabouem crToste
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@ Devices and Interfaces - Measurement & Automation Explorer

File Edit Yiew Tools Help

Configuration

A

= 8 My System
+ Data Neighborhood

- &3 Devices and Interfaces

- (@8 NI-DAQmx Devices
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+ (@ Software

+ YI Logger Tasks

+ @ Remote Systems

'D Create New...

Devices and
Interfaces

What is Devices and
Interfaces?

The Devices and Interfaces category
lists installed and detected CAN,
DAQ, FieldPoint Serial Controllers,
GPIB, IMAQ, IV¥I, Motion, Serial, VISA,
and ¥XI hardware,

If you do not see your
devices...

l=/oles

? Category Help I




Hactponka ycTpOUCTB

* Ucnonb3ynre MAX niii :

— KondurypupoBanus u tectupoBanus Banien
KapThl cOopa gaHHBIX (DAQ)

METX
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+ (@ Software
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® Category Help

™ Create New...

Devices and
Interfaces

What is Devices and
Interfaces?

The Devices and Interfaces category
lists installed and detected CaN,
DAQ, FieldPoint Serial Controllers,
GPIB, IMAQ, IVI, Motion, Serial, VIS4,
and VXI hardware.

If you do not see your
devices...




Hactporka ycTpoucTB

* Ucnonb3ynre MAX njis :

— KondurypupoBanus u tectupoBanusa Cumyssitopa
KapThl coopa aaHHBIX (DAQ)
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Devices and
Interfaces

What is Devices and
Interfaces?

The Devices and Interfaces category
lists installed and detected CAN,
DAQ, FieldPoint Serial Controllers,
GPIB, IMAQ, IVI, Motion, Serial, VISA,
and ¥XI hardware.

If you do not see your
devices...

® Category Hel;ﬂ




Hacrporka ycTpOUCTB

* Ucnonp3yure Windows njis :

— TectupoBaHust 3ByKOBOM KapThI
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Otkpoute u 3anycture LabVIEW

IIyck »IIporpammei»National Instruments LabVIEW

Startup Screen:

Hauyarts ¢ HoBoro VI /
(V) ‘g V1 from Template
Hosein VI .

NJIN

Hauyartb ¢ npumepa:
Examples»Find
Examples...

m » 13 MNational Instruments LabVYIEW 8.0

{3 Getting Started

File Tools Help

Training Courses




IIporpamma B LabVIEW Ha3zbiBaercs
BupryansabiM nipuoopom (BII)

Kax et BI1 umeet 2 okHa (13 stide Example.vi o
File Edit V¥iew Project Operate Tools Window oy
JluneBasi maHes b — Gl
* uTepdelic moap3oBaTens de
— DJIEMEHTHI YIIPABJICHUS =
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— HMupukaropsl = Beixoasl

{3 Slide Example.vi Block Diagram >4
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DJIEMEHTHI YIIPABICHUS U WHIUKATOPHL

YucaoBblie 3JeMEHThI
ylnpaBJIeHUS:

?{, Search

o g

» Modern
P System
P Classic

/

7 N\
13 Slide Example i E]@
File Edit Yiew roject Operate Tools Window

ngp @/ n 2 l@'
Humeric Slide tad
o
-

$ Express

o
rfe

Mum Ckrls

Mum Inds

2
w
o

00 10

Graph Indicét. 0

b .NET & ActiveX

Select a Contral...

\ Bun

MAJUTPbI

Buttons'

—

YucsoBbie njM CJIaua0BLIE:

NHANKATOPbI



[TanuTpa Bcex QyHKIIMN

Functions )
Q, Search ‘ o Vi
| » Programming

> Instrament 10 Pa3Memarcs Ha 0JI0K- AMarpamMmm

| » Mathematics

| » Signal Processing
| » Data Communication

| » Connectivity - .
I~ Express 13 Slide Example.vi Block Diagram B [=1><
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IlanuTpa HHCTPYMEHTOB

* Pexomenayercs: BKIo4nuTh onmuio « ABTOMaTHY€CKUN

BBIOOp MHCTPYMEHTOBY
 [TaguTpa MOKET OBITh JOCTYIIHA Ha JIMIIEBOM MAaHEIN U

i Ha OJIOK Auarpamme
2% & | Aytomatic Selection Tool

Clhdis
[m-'
3

@I
AN

JIOCTyIIHBIE HHCTPYMEHTHI Oy <« ABTOMAaTHYECKUN HHCTPYMEHTOB BBIOOD)

9% Operating Tool
l;  Positioning/Resizing Tool
A Labeling Tool

Wiring Tool
> g




YnopapieHue nporpaMMor U OJIOK-AuarpamMmbl
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e Retain Wire Values Button
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Co3manue BII

OKHO JUIIeBOH MaHeJ I

Hoag Example.vi Front Panel *

Operate Tools Window Help

File Edit View Project
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IloTouHBIM METON IPOrPaAMMHUPOBAHUA

e licionHeHnue xkona

— 3aBHCHUT OT HOTOKA JJaHHBIX %I‘sp —
— Kopa na 01ok-guarpamme HE a
MCTIOJTHSIETCA C JIEBA HA MPaBO El‘}"gb' )
» Kox ucnionusercs mo Mepe —
IIOCTYILICHHNA BCCX TAHHbBIX HA
BCE€ BXOJIHbIE TEPMUHAJIbI dy| —

2- —

* OTOOpaKE€HHUE MPOUCXOIUT MO

MEPE NOCTYIUICHUS BCEX JAHHBIX |4y
=G
Ha BCE BBIXOJIHbBIC TEPMUHAJIEL.

—_—>

Simulate Signal

Waveform Graphl

Sine

»




Texdauka oTIaaKku

e [Touck omuoOOK

> Haxatp Ha KHONKY 3amyck
[ToSIBUTCSI OKHO C OITMUCAHUEM OIITHOKHU.

* BusyasabHas oTi1aaka

@ e Haxars Ha kHONIKY Execution Highlighting;
BusyanbHas nepeada JaHHbIX . 3HAYCHUS
0TOOpa3ATCs Ha MPOBOJHUKAX

* Probes
3 . IIpaBblli KHOIIKA MBIIIH 10 TPOBOAHUKY IS
Humeri OTOOpaKEHUS MHIUKATOpa MPOOHNKA
— p it pa 11p
D




COop JaHHBIX ¢ UCIIOJIb30BaHuEM DAQ

* Ucnons3yss LabVIEW :

— Ouudpyem curHan Ipu
oMo DAQ ycrporcTBa

{3 Exercise 2 - Acquire (Track A).vi Front Panel

=S

File Edit Yiew Project Operate Tools Window Help
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COOp MaHHBIX CO 3BYKOBOM KapTHI

* Ucnonp3ys LabVIEW wu crangapTHOe 000pygoBaHuE

13 Exercise 2 - Acquire (Track C).vi Front Panel * @@

File Edit View Project Operate Tools Window Help  |Ges

o> | ()| I | 13pt Application Font a2 [T .n.vl
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OKHO KOHTEKCTHOU IIOMOIIH

 Help»Show Context Help, naxxars <Ctrl+H>
 [IepemMecTuTh Kypcop K OOBEKTY A1 OOHOBJICHHUS

Extract Single Tone Information.vi

JlonmoJIHUTEIbHASA N
fr=—————==exported signals

time signal in === detected frequency
export signals = @ detected amplitude
H O M O m ]) error in (no error) == . Lndetected phase (deq)
advanced search error out
measurement info

- Hp aB aﬂ KHOHKa MBIH_II/I HO Takes a signal in, finds the single tone with the highest amplitude

or searches a specified frequency range, and returns the single
tone frequency, amplitude, and phase. The data type you wire

I/IKO HKe B H I/I BBI 6p aTI) :g ltJi;Z .time signal in input determines the polymorphic instance

Detailed help -

Help, v — :
— BriOpats “Detailed 7

H el .” Ha KOHTGKCTHOM :ﬁ Single Tone Information. vi

OKHC




[opstune kinaBuimu B LabVIEW

— <Ctrl+H> — AxtuBanus/neaxkruBanus okHa Help
— <Ctrl+B> — Ynanenue o00pBaHbIX IIPOBOJIHHUKOB

— <Ctrl+E> — IlepekitoueHue MexX1y JIMIICBOW ITAaHEIbIO U
OJIOK -IuarpaMMmoit

— <Ctrl+Z> — OT™meHa nencTBun
— Tools»Options... — Hactpoiiku B LabVIEW

* VI Properties— koH(purypamus coiicts BII u T.1.



DJIEMEHTBI TUIIOBOU IIPOTrPAMMBI

A. HHuknbl

* 1o ycioBuro
 C 3aJaHHBIM YHCJIOM UTEPAIUH
B. ®yukuuun u noa Bl
* Buapl pyHKIMH
» Co3ganue coocTBeHHbIX (yHKIUM (SubVI)
 [lamuTpa PyHKIMNH U HX IOHUCK
C. IIpunsiTre pemeHui U BBOJ, / BEIBOA, (DaMIOB

Ctpykrypsl CASE
* Be10op
* BBox u BeIBOJ (haitna



[ Kb

While Loop

* [lo ycimoBuro

[i] — iHWuauxkarop TeKyIen nTepanuu

— Bcerpga 3anyckaercs Kak
MHUHUMYM OJIMH pa3

— MHMcnomHsercs A0 ITOCTYIUICHHS Ha
TCPMHUHAJ YCJIOBHA BbIXO/JA

e C 3aJJaHHBIM KOJHUYECTBOM

[i] - 1HMaauxkarop Texyiueun urepanuu

— HcnonHgerca coniacHO 3HAYEHUTO
cuetyuka N Ha TepmuHale {N




IIponecc 3aKkaroueHus B LUK

2. O0OBecTH BOKPYT 3aJaHHOIO Kojaa

‘ UITIBYIC

=W

1. BeiOpath n3 « CTpyKTypb»

Functions D

Q Search ' Qe WIEW
| » Programming

J] » Measurement IIO
| »  Instrument IfO

7}7Mat7l13matlcs ____________________________________________ rG

| > signal Processing 3. Wnu nepeMeCcTuTh KO BHYTPb IIUKJIA
| » Data Communication =

_) Connectlwty 41 3aBepHII/ITB COGI[I/IHGHI/IC HpOBOHHI/IKOB
| ¥ Express

L Execution Control

3 iy Plumeric]
gl A
- B
While Loop Flat Sequence  Case Structure el

B |

Time Delay Elapsed Time

‘~1 > Favorltes
Select a VI




Bunasl pyakmnuii ( Functions Palette)

Dkcnpecc : OyHKIUN ¢ UTHTEPAKTUBHBIM OKHOM KOH(PUTYpPHUPOBAHHUS
(ros1y0asi MKOHKA)
A

Tone
Measurements

’ Signals
Amplitude  »
Frequency

CraggapTHbi€ : MOIYAbHOTO THIa BII ¢ BO3MOXKHOCTBIO
IIePEKOH(UTYPUPOBAHHUS

Extract Single Tone Information. vi

L

AMF.
Freg.

bazoBbie : ocHOBHBIE 0a30BbIic PyHKIMU LabVIEW; 6e3 nuieBoi
MaHeIM 1 OJIOK JuarpaMmel (3KeJIThIi LBeT)

Multiply

oo



Kakne Buibl PyHKIMU JTOCTYITHBI?

e BBoxa u BeiBoaa [TamuTpa Ikcnpecc-OyHKInm

— MonenupoBaHus cOOpa U Te€HEepalluu JaHHBIX

— (COopa ¥ reHepaluu peaabHbIX CUTHAJIOB MPHU IMTOMOIIU
DAQ

— VYnopasnenus npudopamu (nocieaoBarenbHblid 1 KOIT
(GPIB)

— Bb3oB ActiveX KOMIOHEHTOB JIJISI CBSI3U C IPYTUMHU
[porpaMmMamMu

e AHajau3a M 00padOTKH

— AHanuza 1 00pabOTKM Pa3IUYHBIX TUIIOB CUTHAJIOB

C{,Search l S Wiew ]
Programming

— CTrarTuCcTUuKH

Instrument IjO
Mathematics

Signal Processing
Data Communication

— PazangHbIX pa3aciioB MaTCMAaTHUKHU

Connectivity

{vvvvvwvy

— I[OHOJIHI/ITCJIBHBIX BPCMCHHBIX

Express

> =] »
’ COXPaHeHHH H 3aHHCH In?% Signa;‘::;‘lgsis O%L
— BBogma u BEIBOga (haiiioB I ™ T

Signal—r:'lanipu... Exec Control  Arith & Compar

» Favorites
Select a VI...




Kak HauTH (pyHKIUHU B MaJIUTPax?

QL search | & view
e [TanmuTpsel cogepxar COTHU QyHKLIHAN T
Instrument IO
Mathematics

Signal Processing

* Haxxatp KHONIKY «search» Ha cTpoke
NAJIMTPhI U BBECTH Ha3BaHUE

(byHKLIIUU
* Haxxars u BEIOpaTh HYKHYIO g8 @] Y

Signal Manipu...  Exec Control  Arith & Compar

(OYHKIMIO U3 CITMCKA o

Select a VI...

Data Communication

v v v v v v w

Connectivity
¥ Express

5 2 %

Input Signal Analysis Output

o JIBa)K/1bI HAXKATh HA UKOHKY (DYHKIIUM

11 OTOOPAKEHMS HOAIATUTPEI v ven]

tone

° He eTa I/ITB H }KH I_O HK I/II'O Ha Basic Multitone with Amplitudes. vi
p I—H y y y I—I Basic Multitone. vi
Extract Multiple Tone Information.vi
6H O K_I[I/I al"p aMMy i\ Extract Single Tone Information. vi
Multitone Generator.vi

Tone Measurements [NI_ExpressFull.lvlib] < <Signal Analysis>>
m Tone Measurements [NI_ExpressFull.lvlib] < <Waveform Measurt

Tones and Moise Waveform.vi

Tones and MNoise, vi

[ Search Options [ Help




Co3znmanue nog BIT (SubVI)

* Brigenurts Koa Ha OJIOK-auarpaMmme i co3manus nox Bl
« Briopars u3 Menrw Edit « Create SubVI»

/2] Slope = Rise/Run |

[Slope = RisefRun |




[Topssgok padotel pyHKuMi B BII

Function Pseudo Code
function average (in1, in2, out)

{
out = (in1 + in2)/2.0;

}

Calling Program Pseudo

Code
main

{

average (in1, in2, pointavg)

}

ITox BII Ha 0s10K- auarpamme

inl.r

e
: 1123[> [> l> phaz)
in2| |

Gy ol

Bu13oB BII Ha 0J10K-
aAUaArpaMmmMy

2pt

.23



AHann3 JaHHBIX

* HMcnons3yem PpyHKIMU DKCIIpECC AJIs:
reHEepali U OTOOPaKEHMSI aMILJIUTY/Ibl M YaCTOThl CUTHAJIA

13 Exercise 3.1 - Simulated.vi Front Panel {_._J'LE]
File Edit View Project Operate Tools Window Help lﬁl’i
&[] @[] [ 130t application Font |~ A (2o [ Ga~ 21 [€5+ 2|
N
Waveform Chartl Sine -
Frequency In| amplitude|
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3L S 7 S |0.130791
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Time STOP
v




AHanun3 JaHHBIX

* Mcnonp3yem (pyHKLIMIO DKCOPECC JJIS:
— COopa n 0ToOpaKeHUsI aMIUIMTYAbl K YaCTOThI

CHUI'HAJIa {3 Exercise 3.2 - Data (Track C).vi Front Panel

File Edit Yiew Project Operate Tools Window Help .
&[] @[] [ 130t application Font |~ [ B A oo |22 i

Filtered P4
Waveform Graph | ) - } Amplitu de
Gl 10.00041:
0.01- Frequency |
Ko
e 1172569
e
O
s J
q-D.UDS
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IIpunsartue pemenuii B LabVIEW

1. Crpykrypsl «Case»

(a) (b)

2. ®ynkuwus «Beroop»
E—

Booﬁﬂ Select 52 Lif
.......................... §
TF I3

B— (0




MdalI0BbBIN BBOI/BBIBOI

File I/O — nepenaya naHHbIX B/U3 (panion
« @aiinpl MOTYT OBITh B BUJIC OMHAPHBIX, TECTOBBIX MJIN TAOJIHUIL
« 3anucwe/Utenue LabVIEW Measurements file (*.1lvm)




IIpuHATHE pEIICHUN U COXPAHECHUE JTaHHBIX

* Mcnonb3yeM CTPYKTYpPY «Case» IJIA:
— CoxpaHeHUs JAaHHBIX IIPY BBIITOJIHEHAN

OIIPCACICHHOI'O YCIOBHA
'ﬁ Exercise 3.3 - Decision Making and Saving Data (Track A&B).vi Front Pa... EJ@

Operate Tools Window Help

File Edit VYiew Project
<& @) 1| | 13pt Application Font |« {| §ov || s0a~ || 22~ | | €5~ 2
N
wWaveform Chart | Voltage J

: 1,225 Frequency |

Do 1.2- 1141.759

230 300 1.175-

: Amglit_udel

10.00180¢

150 sl s
b 2 v 1.15-

100-F "\ -400 3

50 450 glie
< N ct 1.1_

0 500
1.075-

1.05-

1.025-} ]
3.211568E+9 3.211568E+9




3anuce/4TeHUE B /U3 (paiiia

OpenjCreate/Replace File|  [Read From Text File Close File Simple Error Handler . vi

& ) k)

Write to Text File

£




OT1oOpaxeHne pe3yIbTaToOB

A. OToOpakeHHe NJAHHBIX HA JIUIEBOM MNaHEIIH
e DJIEMEHTHI YIIPABICHHUS U HHIUKATOPHI
* ['padpuxu
* BpeMEHHBIE 1IUKIIbI
B. O6paboTka curHaion
* MathScript ( MaTeMaTH4eCKHUE CKPUIITHI)
* MaccuBbl
* Kitactepsl

e DJIeMEHTHI CUTHAaJIa



THUIIBI 3JIEMEHTOB YIIPABJICHNA 1 HTHINKATOPOB

e YpuciaoBble TUIILI JAaHHBIX HaJmTpa SJICMCHTOB
— BBoa 1 oTOOpakeHne YNCI0BBIX
JTAHHBIX
— Cnauzgepsl U pydKHd Q, search l O iy
e Jlornuexkue THNBI JAHHBIX ) Maders
— TMEPEeKJIFoYaTeId U JUOABI o
e MaccuBbl U MATPHUIIBI 5
— YucnaoBeie | b Classic
— TI'paduxu nuarpamm v Express
— I'paduku ocuumorpamm ‘}"jf 1 s > »
— I'padyiki ”THTEHCUBHOCTHU 24
— I'paduku 06B§MHHX H30§pa>KGHHﬁ, Mum Ctrls Buttons Text Ctrls
MIOBEPXHOCTEHN U Mojiesei =T N >
e JlexopaTHBHbIE AHEIH P J abe]
— Ilepeknroyaemble TTaHEIN '
MNum Inds LEDs Text Inds
— Crpenku :
e Jlpyrue 3jieMeHTBI M THIIbI JAHHBIX in
— CTpoYHBIE ¥ TEKCTOBBIE JTaHHEIE =
— Kaprunkw/oto6paxkenne dpororpauii | Graph Indicat...
— Kommonentsl ActiveX b MET & Activey
Select a Contral. ..




[’ pacdukm guarpamm

I'papuku AuarpamMm — Cneunanbﬁbm YUCIIOBOM MH/IMKATOD,

~AAnl~aa A~~~ A~ vr~ww -~ A TeamAAw FA~Aw

oToOpay-~ """

OOHOB:
TePMUH

Oynkuum»Ikcnpece»Graph Indicators» Chart

100 HN

aveform Chart|

il

Time Delay

QSearch l o Miew ' ! I

» Modern

P .NET & ActiveX

\Waveform Chart

Amplitude

Select a Contral...

Graph




[’ padpuxu ocumIorpam

I'padyku ocun/IsIornam — CrieliMalibHbINA YUCIOBOU
VHIAKAT(

* OOHOBII
oydepus:
e [{ukit mMc

Functions» Express»Graph Indicators»Graph

Time Delay

QSearch | o Miew ' ! I

\Waveform Graph

» Modern
P System
| B Classic
¥ Express
L Graph Indicators

=0 =

Chart XY Graph

P .MET & ActiveX
Select a Contral...




Co3/1aHMe MaCCUBOB C UCIOJIb30BaHUEM 1InKiioB

e [[uKIIBI MOT'YT
AKKyMYJIMPOBAaTh MAaCCUBBI
Ha TpaHULIAX

( aBTOMHIEKCAI)

* B mukne For Loops
aBTOUHJIEKCALIUA T10
YMOJYaHUIO

* |IpaBas KHOIKA MBI 11O
I'paHUIIE [IUKJIa AKTUBUPYET/
JICAKTUBHUPYET UHICKCALIUIO

ABTO- MHJIEKCALIUSA

BKJ/JIIKOYCHA
E_ N IIpoBogHUK cTaJ TOJIIIE
1D Array Indicator
i T
nn - pDBI
i 1D Array
ABTO- mmelccaumlo 12345
OTKJIIYCHA
TonmuuHa MpOBOAHUKA HE
N W3MEHUIACh

l Mumeric Indicator

& ——{vom

i o \ OTtoOpaxaercst TOIBKO

3HAaYEHUE NOCIIEIHEN
5 ATEepauu




Co3ganne MaccuBa

Brioupaem ¢ naautpel ControlsyModern»Array, Matrix,
and Cluster NKOHKY KOHTEMHEPA MaCCHBA.

{Controls

| & search ' o iew ‘
| ¥ Modern
L Array, Matrix & Cluster

[#] ITomemaem Ha JTULIEBYIO MAHEIb

Array Cluster RealMatrix.ctl

5 F

ComplexMatri... Error In 3D.ctl  Error Out 3D.ctl

1l System
| » Classic
1> Express
| > MET & Activex
1| select a Contral...




Co31adgne MaccuBa

1. B KOHTEMHEP MacCHBa MOMEIIAEM HYKHBIM HAM 3JI€MEHT
YIPABJICHUS WA UHIUKATOP

| Controls

| Q search f & view |
[ '» Modern

[ > sSystem

[ » Classic

| » Express

Mumeric Controls

Mum Ctrl Fill Slide Pointer Slide

10- 10 8
5- 5-
o= 0-

Fill Slide Pointer Slide Knob
3
Dial Color Box

[ > .MET & ActiveX
| select a Contrdfl.

6 E £ o o © . e o Eo—C, co— [



J1J1s1 4ero Hy>XK€H BPEMEHHOM 1TUKII?

1. 3amepkka BpEMEHN UCIOJTHEHUS KOJIA

» Hactpoiika Time Delay Express VI niis paboTsl Kojia ¢ orpe/ieIeHHbIM
mpoMeXKyTKoM BpeMeHu (padota ¢ For and While nukiamn).

2. BpeMeHHOM UK

« Hactpoiika BpemeHnHoro uukiaa While loop a5 3amanHoro dr.

'Numeric|

umeric

DEL

{5' 123
e

- [E)

Time .Delay

m =5 ap—
3azep>KKa BpEMEHHU BpemenHoM UK




CBOMCTBA 3JIEMEHTOB YIIPABICHUS U UHJIUKATOPOB

» CBOMCTBA XapaKTEPU3YIOT HACTPOUKH OOBEKTOB

* [Ileauok mmpaBoOM KHOIIKOM MBIIIM 10 OOBEKTY

e CBOUCTBA OOBEKTOB:

‘Waveform Graph P!ot o '.

—pasMep

—IIBET

Amplitude

i3 Graph Properties: Waveform Graph

Appearance Format and Precision Plots Scales | Cursors | Documentation

—HACTPOUKHU IIKAJI

Label Caption
Wisible [ visible

Waveform Graph

—IBET HIKaJ

Enabled State
(3) Enabled

(O Disabled
K y p C Op () Disabled & grayed
T [[]show graph palette [ show cursor legend
—H T./.

Show plot legend
Auto size to plot names
1 £ Plots shown
[]show x scroll bar
[]show scale legend

[ OK ] [ Cancel ] [ Help l




AHaju3 CUr”Hajia

* Mcnone3ys Kkypcop rpapuuecKoro HHAUKaTopa:

— M3MepuTh 4acToOTy U aMIUIUTYAY CUHYCOUIbI

{3 Exercise 4.1 - Manual Analysis.vi Front Panel

File Edit Yiew Project

Operate Tools Window Help

o> I@I : ‘E | 13pt Application Font

ha [ [ N e

Frequency In|
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Waveform Graph
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Time
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Sine

I
0.099

|

& Cursor 0

4 Cursor 1

0.024398 O
0.045043 O

&z

Amplitude
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E R EEEW

Mathscript LahVIEW

MathScript Node

LabVIEW MathScript i

Y=fft(X);
PowerY=abs(Y).~2;

* B03MOXXHOCTH pa3pabOTKU
IPUJIOKEHUM 00paOOTKHU CUTHAJIOB,
aHaJIM3a U MaTeMaTUYeCKUX
ypPaBHEHUM B TEKCTOBOM KOJE CPEIbI
LabVIEW

— bonee 500 BcTpoeHHBIX PYHKIIMI

— CHMHTaKCHUC CX0XKHUU C MOMYJISTPHBIMHA
A3bIKAMU MATEMATUUYECKOTO
MOJIETUPOBAHUS

— Bcrpoennbie B LabVIEW ocHoBaHHBINM Ha

OPUTHHAJIBHOU CpElIe MATEMAaTU4ECKON
pazpabotku MATRIXx

069100




Maremarnueckue ckpuntel B LabVIEW

* MHTErpanus CymecTBYOMUX CKPUIITOB JIJIsI OBICTPOM
pa3pa0bO0TKu npuiiokeHui B LabVIEW

e IHTEpaKTUBHOCTH U JIETKOCTh Pa3padOTKH,

* Pa3paboTka MareMaTuueCcKUX aaropuTMoB, 00padoTKa
u ananu3 B ogHo cpeae LabVIEW

* BO3MOXHOCTh UHTETPALIMU MAaTEMaTHYSCKOI0O U
rpa)4eCKOro CuHTakcuca B ogHom BII

Iognep:xuBaeMbie MHTEP(eEHCHI:

VY3en MathScript script node MathSoft software
Mathematica software ~ MATLAB® software
Maple software Xmath software



Maremaruueckuit kog B MathScript Node

* BBeneHne ypaBHEHHM B TEKCTOBOM (popMare

* BXoaHbI€ M BBIXOJIHBIE IEPEMEHHBIC HA TPAHULIAX [TUKJIIA

e CHHTAKCHUC CXOXXHM C MATEMAaTUYECKUMH TEKCTOBBIMHU
A3bIKAMHU

* boraras 0MOJIMOTEKA TOTOBBIX PEIICHUI

| ength
= T Length Waveform Graph Plot O J
, ' Jumstatair n=0:len R - el
1230 x=cos(2?*‘pi* a*n); Mtaveform Graph| '3}; 200
— L z
Bl %M A
I iz A
H1.23p r_ﬂ 0.04
i

Amplitude

(Functions >> Programming >>
Structures >> MathScript)

I I I I 1 I I 1
0 25 S0 75 100 125 150 175 200
samples




uaTepakTnBHOE OKHO MathScript

* brIcTpas pa3pabOTKa ¥ aJITOPUTMBI OTIAAKH

13 LabVIEW MathScript (=]
 Co3nanue n
Qutput Window Variables Script | History
—U.8UY9Uu2 —U.Y951Ub =k ~l
—0.95106 -0.80902 -0.58779 = - e
e aKI [/l OBaH [/le —0.320902 —3.1847e-015 0.30902 FPartioplvarisble _____ Dinension_ Type o]
0.58779 0.80902 0.95106 ot
1 0.95106 0.80902 - Local
0.58779 0.30902 -2.456e-016 f 1x1 double array
—0.30902 -0.58779 —0.80902 n 1x201 double array
—-0.95106 -1 —-0.95106 X 1x201 double array
—0.80902 -0.58779 —0.30902
—3.4296e-015 0.30902 0.58779

0.80902 0.95106 1
0.95106 0.80902 0.58779

0.3090 ; -0.30902 He eMeHHI)I
* OroOpaxenue B 1D, 2. OKHO R P

8 3050 1 e
0.9510 0.58779
2D, u 3D . i BoiBoga %

1 Graphical first? Graph
-0.587 —3 9194 —
01s U.ausue U.90775 = [[JLegend?
0.80902 0.95106 1
0.95106 0.80902 0.58779 L - i K rfh R
030902 4,8916=-016  —0.30902 075 }'{ } ﬂ )\ M M /1 }'l }| |
-0.58779 -0.80902 -0.95106 T 1 il |
558779 T2 30502 i Tedse = !
=, =05 —4. o=
015 0.30902 0.58779 Dy OTOﬁpa)KEHI/Ie B |
0.80902 0.95106 1 - 0- )
P Mathseript Node -1 F ¢popmarax |
- Command Window S | | | | {
| =0 . : 075+ | \ \
.“1.23&} 2:505(29’};:" a*n); aveform Graph r=cos(2%pi*f*n) ~ oy \_.‘ U I U HJ I.J‘ V U ‘.J J
'l - 1 1 1 1 1 1 1 1 1 1
| s " 2 1] 20 40 60 80 100 120 140 160 180 200
El lenath | ; .r_%M lCOIﬂMaH)IH()e - B0 I e —— 0

8.0rcS

n'c“n Idle
(LabVIEW >>Tools >> MathScript
Window)

"' m-file script



LabVIEW u Simulink
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Mcnonab3oBanue Script

Hcnonsays y3en MathScript and MaTEepakTHBHOE
OxHo MathScript a1 00pabOTKH U COXpaHEHUS

JTaHHBIX.

L Exercise 4b - MathScript.vi Front Panel

o> I@l IE] | 13pt Application Font

Operate Tools Window Help

[N [ N e

File Edit View Project
Frequency In| O
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30 [ "‘ 7
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107 ~a0
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Waveform Graph
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g C
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AZ 1
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Ti'EF o
Cursors:  |x (¥ | |
& Cursor 0 0.011199 1
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Frequency

preve v vers — el

1100




O030p TunoB gaHHbIX B LabVIEW

Eoolean

umeric 1

[Double Precision Number |

Ilnteger Number |

[Complex Number |

[1D Array of Doubles |

o020

CIZENS
o

T [2D Array of Doubles |

Real Matrix

:Strin

[ aveform Cluster |

ib(I

aveform Graph|

Error Cluster

rror in (no error)|

source

e

YV VvyVYyYVYyYwy

Sirmulate Signal

|D;rnamic Datal

Sine

hd

[Matrix of Doubles |

E]Dx)()x:(:Ka(:K:(:x:K:x:()x:xlx):)xa:)x:x)x:x)x:x)xxl

4]
o

gz

XXX
XXX
XXX

DEL




KoMmImiiekc BO3MOKHOCTEH

13 Exercise 5 (Track A).vi Front Panel

File Edit View Project Operate Tools Window Help "
o |@| [E | 13pt Application Font | ]|gpv]lf[]:v ”g‘-”z’ﬁv} 1
A
Time Domain Voltage
1.4- Frequency Limit Settings
1.2- 800 1090 1200 Detected Peak Hz
600 =i 1400 204,185
L] W s
oeli=
2 400~ 1600 i
a i Over Limit?
Z 0.3- - £
< U, 200 1800
Ve N
0.6~ 0 2000
0.4 1 I I 1 1 1 I 1 1 1
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Time
Filter Settings
FFT - (RMS) Yoltage (FFT - (RMS))
= Lower Cut-Off Upper Cut-Off
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300 % sm 1200 V% 1600
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J1oIOJTHUTEIbHBIE BO3MOKHOCTH

A. I[OHOJ’IHI/ITCJ'II)HI)IG THUIIbI JAHHBIX

» Kiacrepsl

B. YnpaBsieHue mOTOKOM JIaHHBIX
e COBUTOBBIEC PETUCTPHI

* JlokasibHbIC IEPEMEHHBIE

C. Pa3zpaboTka O0NBIIMX OPHIOKECHUN

e OKHO HaBWUTAIIUU
 IIpoekt B LabVIEW



Kiactepsl

OObeaUHSICT pa3JIUYHbIC TUIILI JAHHBIX
AHanoruda ¢ struct B 13b1ke C

MoryT ObITh TpylIamMy 3JIEMEHTOB YIIPABJICHUS WU
UHJIMKATOPOB

CXO0KH ¢ MHOTOXHJIBHBIM IPOBOJOM

IHopaaok 3J1eMEHTOB B KJacTepe OUeHb BAKCH

/7774




Co3maHue Kiiacrepa

1. BriOparh KOHTEHHEpP KjIacTepa C MaJIUuTPBl.

Controls»Modern»Array, Matrix & Cluster

Functions 6]

Rl o] 2. BcTaBuUTh Xej1aeMbId

L Cluster & variant o
B B = OOBEKT B KOHTEMHED.
Unbundle Bundle Unbundle By ...
T =H = =
Bundle By Name Build Cluster ... Index &Bund... P P P P P P P Rt P APttt d et

Cluster To Ar... Array To Clus... Cluster Const...

Lol 322

ToVariant  Flattened Stri... Yariant To Data

o (o)
‘L-; Attr

Variant To Fla... Yariant Attrib...

| » Measurement IjO
|» Instrument IjO

|| »  Mathematics

|| » signal Processing

|| » Data Communication
[ »  Connectivity

| '» Express

R R AR AR R AR R R R AR R AR RN R RN
PSR G G G CR CR G G CR CR CR G CF o0

v’
’
’
’
’
’
’
’
’
’
’
’
’
’
’
’
’
’
’
’
’
’
’
’
’
.
.
.
.

e

| » Favorites
| selectavr..




OyHKIIUN KIIaCTEPOB

* Mecrononoxenue Cluster & Variant, nogmanurpa
Programming

e MoryT ObITh IOCTYIIHBI IIPH IIETYKE MPABON KHOIIKH
MBIIIIH 110 TEPMUHAITY KJacTepa

component 0 —3 s
—H». ke ClUster L]
component 1 ~Bks
. Switch 1
\ (Terminal labels —
................. : tput clust
reflect data type) m L i“ie' &ws =
Bundle o s =
ol clusteluE g original cluster|
LA J1abel & Etriné control| ﬁ)
new component | 4 owned labe e |
new component B~ owned label B H‘noulput cluster 'T —a fuew cluster]
............ [Switch 2 [mpeees %_"l
|Bundle By Name| x
O0bearHeHue B KJacTep 1o

HMCHHU



M cronp30BaHre MacCCUBOB U KJIACTEPOB

WaveForm Graph Plot 0 _
5_

OtoOpakeHre Ha rpaduke

* t0 = HavyanbHOE BpEMA

» dt = Bpemsa MexXay OTCUETaMH
e Y =MaccuB IO OCHu Y

JIBa crmoco0a co3maHue Kiactepa rpauKkoB

t0 @
00:00:00.000 PM E
MMIDDJYYYY Build Waveform - -
Waverorm Gra |
t_AEI) 2 Eond) Waveform Graph 2
0.001 =, A 0.001 undle
0 jdt | ia'n T4 '—+ w
- =

0 _Jlof1f2i3i4i5:0 0 _Jlof1f2i304/5i0

Co3nanue rpaguka (a0COJIOTHOE BpeMA) Kaacrep (OTHOCHTEILHOE BpeMs )



CIOBHUTOBBIM PETUCTP — AOCTYI K IPEABIAYIIMM UTEPALHSIM

 JloCcTyneH Ha mpaBoOi U JIEBOM I'PAHUILIE IIUKIIOB

* [IpaBasi kHOIIKa MBIIIK 110 IpaHulie 1 BbIOOp U3 MeHI0 Add Shift
Register

* [IpaBbIll TEpPMUHAJ COXPAHSAET MAHHBIE MIOCIECIHEN UTEPALIUA

* JIeBbIil TEpMUHA COXPAHAECT JAHHBIC MIPEABIAYIIEH UTEPALIUA
JUJISL HaYasa CICAYIOIEH.

J1o Hauana llepBast Bropas
BBITIOJTHEHUS nTCpalni ATCpanua [Tocaemuss
[HUKJIA uTepanus



JlokalibHBIE IEPEMEHHBIE

» JIokasibHBIE IEPEMEHHBIE 00ECIICUNBAIOT MEepeIady JaHHBIX MEXITY
MapaJuICIbHBIMA ITUKJIAMHA

e 3HAYCHME DJIEMEHTA YIPABICHUS I HHIUKATOPhI MOXKET ObITh
CUYMTAHHO WJIM 3alIMCAHO B PAa3HBIX MECTAX MPOrPAMMBI B
HECKOJIbKMX MECTAX

Plumeric
1 pmmm e rewas Seer]
== Visible Items >
Find Control
Hide Control
. Change to Indicator
Chart 2| Change to Constant
PDBL | Description and Tip...
—a Numeric Palette | 3
Create » ! Constant
Data Operations 4 Control
Advanced > Indicator
Representation > ‘ Local Variable
View As Icon ‘ Reference [:§
| Property Node »
Properties ‘ Invoke Node  p




OxkHo "Hasurammu B LabVIEW

D A N I o e il K, S G A A A S N A o R A o= ) s \( ™
E"B’Ou'ncing Cube in an XY Graph.vi Block Diagram L:JL@JW

File Edit Yiew Project Operate Tools Window Help l@
E{)'{gﬂ @12"@]@'%]@’@ 13pt Application Font  [|l&
wi b A ki w1 Hu ) ¥ wi ) ¥
. s W Ay s HC H==nis “ Ll i
i
[ B * OtoOpaxaer TeKymun
> Y4aCTOK HPOIPaMMEI
| | Bbout 2| — erspective|—— e U 6
b oo v | e | J€AITBHO JIJIA OOJBIITNX
HT] 2UiEes Skl = I
ITPUITOKCHHUN
e Py P
ry

[Translation] [[55 ’;D
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IIpoektnl B LabVIEW

[’ pynnupyet v opranusyet Bl

Y1ipaBjieHUE anmnaparabIMu ‘ )
' Vi
CpencTBaMu {3 Project Explorer ... [_.._JE]JU

File Edit View Project Operate Toc

YrpaBieHUE U 3arpy3Ka Ha |
:Jli o \
pasJInYHbIe TIAT(HOPMEI [Kel=1t IR Xl
= led, Project: Untitled Project 1
= 8 My Computer

E

Co3nanne OUOJIMOTEK U
MCIOIHSIEMBIX (DaiiIoB

- ), test.vi
YnopapieHue O0JIbIIUMU . "' Dependencies
npuioxenusmu B LabVIEW a - Buld Spectications

(LabVIEW»Project»New)




IIporpamma ceprudukanuu LabVIEW

Architect

* Mastery of LabVIEW
» Expert in large application development LabVIEW
« Skilled in leading project teams Architect

Developer

» Advanced LabVIEW knowledge
and application development Certified LabVIEW
experience Developer

* Project management skills

Associate Developer
* Proficiency in navigating . .
fied LabVI
LabVIEW environment Certified LabVIEW Associate
» Some application
development experience

Developer

*Pre-Certification Skills Test



NuaTterpanus Multisim ¢ LabVIEW

1. Create Schematic

- PHASCONT - Multisim - [PHASCONT °]

2. Virtual Breadboard

- APPMOD - Mulisim - [30 View - AMPMOD-BrcadBionrd *]

[ e tn vew B P ———— S e B gew tods Govens Tamter sinin Hep.
DE JEREBRI G HAQGE
TR AP BB GuE e W
- 15
Phase controfied rectifier circuit =
w -
L ey =
(~, ot -
h =
[ L)
+ i
Aot 2
L E -LAG 12 %
if 3
Aot
<
BRcrars + ERPrwscont * [Byorrma | By aue stov_s | B ceno_nstmonts _erchist * o
o el press L Jra: 0.5 Lo

3. Simulate

>

< '
Ty ves+ Eprwcon | B wara | B] e 3 [E) s poverers s |

ATITTIT

4. PCB Layout

| Y e £ Yo Ploo Toh Wb Heb
| %1%
| muntg, {1 [Eanomads Pais =)

6. Compare

e

D9 TR ey 1)
i

0=
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