Tema 4.
PABOTA C CUTHAJIAMU B CPEOE SIMULINK

-MoHsaTtne curHana. ATpmbyTbl CUrHaANoOB
-[INCKpeTHbIe 1 aHanoroBble CUrHanbl
-INpencraesneHue curHanoBs comMniamMmm n gpenmamm
-OgHoKaHarbHble 1 MHOroKaHarsbHble curHarnbol
-Co3gaHue curHanos 1 paboTta ¢ HUMKU

4.1 NMoHATHMe curHana. ATpubyTbl CUrHaNoOB.

CurHanom HasblBaeTCcHa U3MEHSIOLLAsACS BO BPEMEHUN BENUYNHA,
onpeaeneHHas B Nobon MOMeEHT BpeMeHW. [onb3oBaTtenb MOXET 3a4aBaTb
aTpubyTbl CUTHANOB, TakMe Kak UMs1 curHana, Tun gaHHbIX, TMN Ynucna
(OEeNCTBUTENBHOE UMW KOMMSIEKCHOE) U pa3MeEPHOCTb.

BonblUMHCTBO 6OKOB MOryT NPUHUMAaTbL UM BblAaBaTb CUrHanbl N60ro
TMna gaHHbIX (8 6uT, 16 6UT 1 T.4.), TMNAa Ynucen u pasmepHocTn. OgHako
HeKoTopble BI0KK AoMycKatloT CTPOro onpeaeneHHsble atpmbyTbl CUrHanoB, ¢
KOTOPbIMM OHWN paboTatoT.

SIMULINK onpegenseT curHanbl Kak BbIXOAHble NapaMeTpbl ANHAMNYECKOW
CUCTEMBI, NpeacTaBneHHoOM 6riokamm mogenu n/unu Bcen Moaensbo B LIENOM.
JTnHMn Ha Bnok-cxeme oTpaXkatoT MaTeMaTuyeckme 3aBUCUMOCTU MeXay
curHanamm, onpegensieMmble 6rok-CXeMoWn.



Co3pgatoTcs curHarnbl ¢ NOMOLLbI BNOKOB, NpeAcTaBNsAWMX NCTOYHUKN
curHana. Hanpumep, cuHycomgansHO MEHSOWMNCA CUrHan MOXXHO co3aaTb,
nepetawms 6nok Sine n3 GuMbNMoTekn B Moaens.

CwurHany MoXeT 6bITb NPUCBOEHO MMA ABOWNHbBIM LLENYKOM MO
COOTBETCTBYIOLLEWN NTUHUN,

Tpe6OBaHI/IFI K CUHTaKCUCY 3aBUCAT OT TOro, Kak npeanofiaraercad
NCrosib3oBaTb UMS cUrHana B JanbHEenLeM:

1. Curnan HasblBaeTcsi Takum obpasom, 4Tobbl OH Mor BbITb Npeobpa3oBaH
B SIMULINK Signal object. B atom cny4ae nmsa gosmkHo 6biTb
naoeHtndgukatropom MATLAB.

2. CurHan HasblBaeTcd UMEHEM, KOTOPOE NO3BOSISIET pacrno3HaBaTb CUrHan
n obpallaTtbca K HeMy npu obpadoTke curHana. o cpaBHEHWUIO C NEPBbLIM
BapuUaHTOM MOXET AONOSTHUTENBHO codepKaTb Npoberbl U NnogYepKUBaHUS.
3. M5 curHana ncnonb3yeTcs TONbLKO Ans NOACHeHNA BrnoK-cxembl U He
ncnosnb3yeTca npu BolumcneHnax. OrpaHMyeHnn B 3TOM criydae Her.



Signal Type

Scalar and

Line Style

Description

Simulink uses a thin, solid line to represent a

Nonscalar diagram’s scalar and nonscalar signals.
Nonscalar When the Wide nonscalar lines option is
ﬁ . : . % .
enabled, Simulink uses a thick, solid line to
represent a diagram’s nonscalar signals. See
also “Using Muxes” on page 10-16.
Control S Simulink uses a thin, dash-dot line to

represent a diagram’s control signals.

Virtual Bus

Simulink uses a triple line with a solid core to
represent a diagram’s virtual signal buses.
See “Using Buses” on page 11-3.

Nonvirtual

Bus

Simulink uses a triple line with a dotted core
to represent a diagram’s nonvirtual signal
buses. See “Using Buses” on page 11-3.




4.2 INCKpeTHble CUrHanbl

Mogenu B cpege SIMULINK moryT paboTtaTb Kak ¢ ANCKPETHBIMU TaK N C
aHanorosbiMu curHanamm. OgHako HeobxoAnUMO yyYnTbiBaTb, YTO OONbLLUMHCBO
Mofenen, cosgasaemMble ¢ ncnosb3oBaHneM Signak Processing Blockset
npeagHa3Ha4vyeHbl Ansg o6paboTKn TOMbKO AUCKPETHbLIX CUTHASOB.

[CKpeTHbIN cUrHan npeacTaBnsieT cobon nocneaoBaTerbHOCTb 3HAYEHUN
COOTBETCTBYOLLUMX onpeaefieHHbIM MOMEHTaM BPEMEHMN.

MoMeHTLI BpeMeHN, B KOTOPbIE onpeaeneH curHars, HasblBaeTcd MOMeHTaMu
BblpaboTkn curHana, a CooTBETCTBEHHO 3HA4YEHUSA BblipaboTkaMu curHana.

Kak npaBunio, AUCKPETHbIN CUrHan cYMTaeTcsl HeonpeaeneHHbIMU B
NPOMEXYTKM BPEMEHN MEXOY MOMEHTaMM BbIDOPKMU.

[na curHana, BbIGOPKN KOTOPOro cneayT Yepes paBHbIE NPOMEXYTKU
BpEMEHWN, BBOAUTCS NOHATUE Nepunoaa BblOopkn Ts, COOTBETCTBYIOLLUN
BPEMEHHOMY MHTEpPBany mMexay AByMsi BbibopKamum.

CkopocTb BbIOOpKN Fs — 0bpaTHO nponopumoHanbHa Ts — KONMYecTBO
BbIOOPOK B CEKYHAY.
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[Tpu cnegyroWmx napamMmeTpax KOHUrypauum QUCKPETHbIN CUrHamn HEMHOIO
OTNINYaEeTCs OT KI1laCCUYECKOro NOHATUA, paCCMOTPEHHOIO BbIle, TEM YTO
COXpaHseT onpeneneHHoe 3Ha4YeHne Mmexagy MoMeHTamMm BblIbOpKu:

Type Fixed-step |Solver: Discrete| Fixed-step size: auto |Tasking mode: Single
tasking|

B MOMEHT BbIBOPKN CUrHAN MOXET MEHSTb CBOE 3HaA4YeHMe, COXPaHss ero
mexay Bblibopkamu. Kak cnegcrteme, SIMULINK gonyckaeT Takme onepauuu,
KaK CITOXXEHUE CUrHaroB C Pa3HbIMU CKOPOCTSIMU BbIDOPKM.

[Tpu napameTpax koHdurypaummn Fixed-step, Multitasking, AnckpeTHble
CUrHarsbl He onpeaerneHbl B UHTEpPBanax Mexay MOMEHTamMm BbIDOPKMU.
SIMULINK BblgaeT coobuieHne o6 owmnbke, korga npon3BoamTca rnonbiTka
obpaTnTbCca K HeonpeaeneHHOMY y4acTKy CUrHana, Kak n npu CriokeHum aByx
CUrHanoB C pasHbIMU CKOPOCTSIMU BbIOOPKW. [pn ncnonb3oBaHUU ANCKPETHbLIE
CUrHarsbl OCTaroTCs onpeaeneHHbIMN Mexagy MOMeHTaMu BbIOOPKU.

[Mpun BoIBOpe Auto setting, SIMULINK aBTOMaTn4yeckn yctaHaBnumBaeT
PEXNM, COOTBETCTBYIOLLINIM 3aa4e, PYKOBOACTBYSICb 3apaHee yKasaHHbIM
Kputepuem. Kak npaBuno, ona mogernen ¢ HECKONbKUMU KpUTEPUAMN BbIOOPKN
yctaHaenmneaeTtca Multitasking mode.



4.3 AHanoroBble CUrHanbl

XoT4 60MNbLUNHCTBO CUrHANoOB ABNSAKOTCA AUCKPETHLIMU, MHOIME 6Grnoku
gonyckarT paboTy ¢ aHanoroBbIMmM CUrHanamu, 3Had4eHust KoTopbIx
HenpepbIBHO MEHAIOTCA BO BpeMeHW. [lepunoa BbIBOPKK AN TakKnxX CUrHanos
paBeH Hyno. N3o06paxatloTcs YepHbIM LBETOM Ha Bnok-cxeme. lNpumepamu
anatTca Signal Generator n Constant.

Korga 6rok-McToMHUK CUrHana noakniyeH K AUCKPETHbIM briokam,
Heobxoaumo ncnonb3oBaTb Zero-Order Hold 6nok anga guckpetmnsaumm
curHana. Heobxogmnmoe 3HadyeHne nepunoaa BbIDOPKN yCcTaHaBIMBAETCS C
nomoulbto napametpa Sample time B Zero-Order Hold block. bnoku, He
ABNAKOLMECH UCTOYHMUKAMU, KaK NpaBusio, Bbl4aloT Ha BbIXOAE CUrHanbl TOro
Xe Tuna, YTo U Ha BXoAe, Hacrenys nepuon BblIOOpKM BXOAHOIO curHana.
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4.4 NpepctaBneHne CUrHanoB camMmmnriamMmum

CurHanbl B cpege SIMULINK moryT 6bITb NpeacTaBreHbl Boibopkamu nnm
dbpenmammn, ogHoKaHaNbHbIMU NN MHOFOKaHaNbHbIMM.

Ecnu curHan pacnpocTtpaHdaeTcs no Moaenun nocrnegosarternbHo, BbiIbopKka 3a
BbIOOpPKONM, a He rpynnamMmun BolbopoK, OH Ha3biBaeTcsl Sample-based. OH Tak xe
SIBMSIETCS OAHOKaHarbHbIM, NOCKOSbKY NpeacTaBnseT cobon oaHy-
€QMHCTBEHHYIO HE3ABUCUMYIO NOCNEeaoBaTeNbHOCTb YNCen.

Sample-based MHorokaHanbHbIE CUrHanNbl NPEeACcTaBAATCA C NOMOLLbLO
matpuy. MxN sample-based martpuua npencraensgetr MxN He3aBUCUMBIX
KaHanoB, KaXabl U3 KOTOPLIX COAEPXKNT OQNHOYHOE 3Ha4YeHne. Kaxabin
ANleMEHT MaTpuubl NpeactaBnseT cobom BuIOOPKY.

KaHan 1 obpa3oBbiBaeT nocrnenoBaTenbHOCTb

Ha npakTuke BbIGOPKM curHana 4acrto nepegarTcd rpynnamMmm, Unm
dbpermamu, N HECKONbKO KaHanoB JaHHbIX NepeaatTca OAgHOBPEMEHHO, ANs
yCKOpEeHUs1 cumynaumn. [loatomy 60MbLLINHCTBO CUTHAsOB SABMSAETCS
Frame-based n MHOrokaHanbHbIMW.



A sequence of sample-based
matrices. Each of the 24

elements in a given matrix
represents asingle channel
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4.5 NpeacrtaBneHne curHanos penmamu.

Ecnu curHan pacnpocTpaHsieTcsl B Moaenu rpynnamm BblboOpok, OH
Ha3blBaeTcs frame-based.

B cpene Simulink Frame-based curHanbl npeactaBnstoTcs ¢ NOMOLLbIO
BekTOpoB. Mx1 frame-based BekTop npeactaenser M nocnegoBaTesibHbIX
(CMeXHbIX) BbIDOPOK OQHOro KaHana, Kaxgasi CTpoka Matpuubl NnpeactaBnser
cobon ogHy BbIGOPKY, NN MOMEHTaNbHbIA CHUMOK, OQHOIo OTAESNbHOro KaHana.

MHorokaHanbHble frame-based curHanbl NpeacTaBnsAlOTCA C NOMOLLbIO
matpuu. MaTtpuua MxN npeactaensaer M nocnegoBaTenbHbIX BbIDOPOK KaXKaoro
n3 N He3aBMCUMBIX KaHarnoB. Kaxkgasa cTpoka maTpuubl npeacraBngeT coboun
OOHY BbIDOPKY, NN MOMEHTarbHbI CHUMOK, N HE3aBUCUMBbIX KaHanos, u
Kaxkabin cTonbeu matpuubl NnpeactasnseT M nocnegoBaTenbHbIX BbIDOPOK
OQHOro KaHana.
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[MpencrtaBneHne curHanos dpenMmamu MNo3BOSISAET YCKOPUTL MpoLecc
00paboTkM curHana, Kak B pexxume peasribHoro BpeMeHu, Tak 1 rnpu CUMynaumn.

AnnapaTypa cbopa OaHHbIX 4YacTo paboTaeT Mo NPUHUUNY HaKOMMeHud
bonbLworo KonmyecTsa BbIDOPOK B cUCcTeMy 0DOpaboTKM B pearibHOM MaccuBe
BpeMeHN B Buae 6Oroka gaHHbiX. B pesynbraTe Bo3pactaetr adpdeKTUBHOCTb
00paboTkn: KOPOTKME WHTepBasnbl BblIOOPKM pas3gdensTca  OnuTernbHbIMU
NHTepBanamn obpaboTkM npepbiBaHUS HE 4Yepe3 Kaxayr BbIOOPKY, a vepes
Kaxabl openm, cogepkaLimm MHOro BbIOOPOK.

Bo3moxxHoe KOSIN4eCcTBO BbIOOPOK onpegensaeTcs O0nyCTUMbIM
3anasgblBaHMEM ncxoas N3 0COBEeHHOCTEN KOHKPETHOW CUCTEMBI.



Sample-based operation
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Creating Sample-Based Signals Using the Constant Block
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Create a new Simulink model.

1 To add another sample-based signal to your model, copy the block diagram

From the Signal Processing Sources library, click-and-drag a Constant you created in the previous section and paste it below the existing
block into the model. sample-based signal in your model.

,Frtoui}:he Sifnlal Processing Sinks library, click-and-drag a Display block 2 Double-click the Constantl block, and set the block parameters as follows:
mto e model.

L] ' ! A =
e ok, Constant value=[1 2 3 4 5 6]

e Int t ; q -D==Ch i
Double-click the Constant block, and set the block parameters as follows: nECEpretvector parametersias 1 D eck this box

e Constant value=[1 2 3; 4 5 6] . Sample time =1

* Interpiret vestor paramicters s 1-1= Cléar this checke box 3 Save these parameters and close the dialog box by clicking OK.
e Sampling Mode = Sample based ) ) )
4 Run the model and expand the Displayl block so you can view the entire

e Sample time = 1 ;
signal.

Save these parameters and close the dialog box by clicking OK.

From the Format menu, point to Port/ Signal Displays and select
Signal Dimensions.

Run the model and expand the Display block so you can view the entire
signal.



Creating Sample-Based Signals Using the Signal From Workspace Block
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1 Create a new Simulink model.

2 From the Signal Processing Sources library, click-and-drag a Signal From
Workspace block into the model.

3 From the Signal Processing Sinks library. click-and-drag a Signal To
Workspace block into the model.

4 Connect the two blocks.

5 Double-click the Signal From Workspace block, and set the block
parameters as follows:

e Signal=cat(3,[1 -1;0 5],[2 -2;0 5],[3 -3;0 5])
e Sample time = 1
e Samples per frame = 1

¢ Form output after final data value by = Setting to zero
6 Save these parameters and close the dialog box by clicking OK.

7 From the Format menu, point to Port/Signal Displays. and select
Signal Dimensions.

8 Run the model.



Creating Frame-Based Signals Using the Sine Wave Block
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1 Create a new Simulink model.

2 From the Signal Processing Sources library, click-and-drag a Sine Wave
block into the model.

3 From the Matrix Operations library, click-and-drag a Matrix Sum block
into the model.

4 From the Signal Processing Sinks library, click-and-drag a Signal to
Workspace block into the model.

5 Connect the blocks in the order in which you added them to your model.

6 Double-click the Sine Wave block, and set the block parameters as follows:

e Amplitude = [1 3 2]
¢ Frequency = [100 250 500]
e Sample time = 1/5000

e Samples per frame = 64

7 Save these parameters and close the dialog box by clicking OK.

You have now successfully created a three-channel frame-based signal
using the Sine Wave block. The rest of this procedure describes how to
add these three sinusoids together.

8 Double-click the Matrix Sum block. Set the Sum over parameter to
Specified dimension, and set the Dimension parameter to 2. Click OK.

9 From the Format menu, point to Port/Signal Displays, and select
Signal Dimensions.

10 Run the model.



Creating Frame-Based Signals Using the Signal From Workspace Block
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1 Create a new Simulink model. T

2 From the Signal Processing Sources library, click-and-drag a Signal From .

Workspace block into the model. ﬂl’St matrix Output
3 From the Signal Processing Sinks library, click-and-drag a Signal To 6 Save these parameters and close the dialog box by clicking OK.

Workspace block into the model.
7 From the Format menu, point to Port/Signal Displays. and select

4 Connect the two blocks. Signal Dimensions.

5 Double-click the Signal From Workspace block, and set the block 8 Run the model.
parameters as follows:

e Signal=[1:10; 110011001 1]
e Sample time = 1
e Samples per frame = 4

¢ Form output after final data value by = Setting to zero



