Kpaiihn astomatu Stateflow/Simulink, HIL cucremu
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OcHosHu aecbunnun
Stateflow
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OCHOBHMN NoHATUSA
Etann Ha mogenmpaneto
BwamoxHocTu Ha Simulink Ha oTaenHuTe etann
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Kpalitn aBToMaTy
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Kpalitn aBToMaTy

OcnosHn gedpuHMLMN
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KpaiiHun aBToMaTn

Len Ha agucymnnunHaTa

Astomat (FSM - finite state machine) e 3a mogenupaxe Ha cuctemu,
KOMTO MOraT Aa Ce OnuMWaT KaTo KOMOMHALMSt OT KpaiiHO MHOXeCTBO
CbCTOSIHUSI B KOWTO Te MOraT Aa 6baaT, KakTo U YCNIOBMSATA 3@ NPEXOS,
MEXAY TsIX. TakMBa CUCTEMMU CE€ HAPUYAT PEAKTMBHU.
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Kpaiihn aBTOMaTU

Len Ha agucymnnunHaTa

Astomat (FSM - finite state machine) e 3a mogenupaxe Ha cuctemu,
KOMTO MOraT Aa Ce OnuMWaT KaTo KOMOMHALMSt OT KpaiiHO MHOXeCTBO
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MEXAY TsIX. TakMBa CUCTEMMU CE€ HAPUYAT PEAKTMBHU.

WN3nonseaT ce 3a MOAENNPAHE Ha!

Enektpnyeckn Bepuru: npOMEHINBNTE Ha CbCTOSIHMETO Ca HaMpPEXeHue
Ha KOHJAEH3aTOp 1 TOK MpPe3 MHAYKTUBHOCT uan rpadose
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Len Ha agucymnnunHaTa

Astomat (FSM - finite state machine) e 3a mogenupaxe Ha cuctemu,
KOMTO MOraT Aa Ce OnuMWaT KaTo KOMOMHALMSt OT KpaiiHO MHOXeCTBO
CbCTOSIHUSI B KOWTO Te MOraT Aa 6baaT, KakTo U YCNIOBMSATA 3@ NPEXOS,
MEXAY TsIX. TakMBa CUCTEMMU CE€ HAPUYAT PEAKTMBHU.

WN3nonseaT ce 3a MOAENNPAHE Ha!

EﬂeKTpVI'-ieCKVI BEPUTN: MPOMEHJINBUTE HA CbCTOAHNETO Ca HAaNpPEeXeHne
Ha KOHJAEH3aTOp 1 TOK MpPe3 MHAYKTUBHOCT uan rpadose

Codpryep: Ypes Universal Modeling Language (UML gnarpama Ha
CbCTOSIHUATA).
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KpaiiHun aBToMaTn

Len Ha agucymnnunHaTa

Astomat (FSM - finite state machine) e 3a mogenupaxe Ha cuctemu,
KOMTO MOraT Aa Ce OnuMWaT KaTo KOMOMHALMSt OT KpaiiHO MHOXeCTBO
CbCTOSIHUSI B KOWTO Te MOraT Aa 6baaT, KakTo U YCNIOBMSATA 3@ NPEXOS,
MEXAY TsIX. TakMBa CUCTEMMU CE€ HAPUYAT PEAKTMBHU.

WN3nonseaT ce 3a MOAENNPAHE Ha!

EﬂeKTpVIHeCKVI BEPUTN: MPOMEHJINBUTE HA CbCTOAHNETO Ca HAaNpPEeXeHne
Ha KOHJAEH3aTOp 1 TOK MpPe3 MHAYKTUBHOCT uan rpadose

Codpryep: Ypes Universal Modeling Language (UML gnarpama Ha
CbCTOSIHUATA).

Uundpoeu cuctemun: ChcrosHuATa Ha Bepurata ce NOMHSAT OT
NOC/E0BATENHOCTI JIOFNYECKN enemMeHTu (Tpurepu, nameTn)
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Bunose KpaliHu aBTomaTty

AsTomat Ha Moore - nsxoga y Ha cuctemaTa € dpyHkuus f ot
CerawHoTo cberosiHue X.

y =f(X)
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Bunose KpaliHu aBTomaTty

AsTomat Ha Moore - nsxoga y Ha cuctemaTa € dpyHkuus f ot
CerawHoTo cberosiHue X.

y = f(X)
Astomat Ha Mealy - naxoga y Ha cuctemata e cynkums f ot
CEralHOTO CbCTOAHME X U CEralHuns BXo4 U.

y =f(X,u)
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3a ga ce onuwe FSM e neobxogumo (S, sp,6, F, )

Bnagnmup Oumuntpos (TVY- Codus) MANrnc: Cem 5 11 okTomepu 2018 . 7/31



3a pa ce onuwe FSM e Heobxogumo (S, sp,0, F, ")

S- MHOXeCTBO OT CbCTOsIHUS [red,yellow,green]
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Onwncanune

3a pa ce onuwe FSM e Heobxogumo (S, sp,0, F, ")

S- MHOXeCTBO OT CbCTOsIHUS [red,yellow,green]
Sp - MbPBOHAYAIHO CHCTOsIHME [green]
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Onwncanune

3a pa ce onuwe FSM e Heobxogumo (S, sp,0, F, ")
S- MHOXeCTBO OT CbCTOsIHUS [red,yellow,green]
Sp - MbPBOHAYAIHO CHCTOsIHME [green]
F - MHOXeCTBO Ha KpailiHuTe cbCTOsiHUA [red)]
(5 - MHOXXECTBO OT YCJIOBUSA, KOUTO ONpPEAENAT NPEMNHABAHETO B
OTAENHNTE CbCTOAHNA
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Onwncanune

3a pa ce onuwe FSM e Heobxogumo (S, sp,0, F, ")
S- MHOXeCTBO OT CbCTOsIHUS [red,yellow,green]
Sp - MbPBOHAYAIHO CHCTOsIHME [green]
F - MHOXeCTBO Ha KpailiHuTe cbCTOsiHUA [red)]
(5 - MHOXXECTBO OT YCJIOBUSA, KOUTO ONpPEAENAT NPEMNHABAHETO B
OTAENHNTE CbCTOAHNA
[green[e]— > yellow, yellow[e]— > red, red[e]— > green]
>~ MHOXeCTBO Ha W3MOM3BAHUTE CUMBOAU 33 npexopuTe [
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[a ce cbcTaBu guarpama Ha CbCTosiHUSATa Ha D Tpurep.

[a ce cbcTaBn undposa cxema u guarpama Ha CbCTOSIHMSITA MO

X
AB| 0 1| 4
00 |00 011
npeactaeeHaTa Tabnuua Ha uctunHoct 01 01 10| 1
10 |10 11| O
11 |11 00| O
A*, B*
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Kpalitn aBToMaTy

Stateflow
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OcHosHuTe enemenTn B bubantexa Simulink/Stateflow

S8 Simulink Library Browser

<« pwim -
stateflow

Discontinuities -

Discrete:

Logic and Bit Operat

Lookup Tables

Math Operations
el
Chart: 3a cb3gaBaHe Ha Anarpama Ha ot o

CbCTOSAHUATA, KOSATO C€ CBBP3Ba KbM =il

Fuzzy Logic Toolbax.

Message Viewer

i e

State Transition Table Truth Table

i

. . HDL Coder
Simulink mogen - ocHosen meTof o
Instrument Control Toolt|
Model Predictive Control

Truth table: 3a 3agasane na Tabnunua Ve 15D

Neural Network Toolbax

‘OPC Toolbox

Ha NCTUHHOCT, KOATO Prased Aray System To
! Report Generator
Robotics Systern Toolbox|
Robust Control Toolbax:
SimEvents

SimRF

Simscape

Simulink 3D Animation
Simulink Coder

Simulink Control Design
Simulink Design Optimizi
Simulink Design Verifier
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[unarpama Ha CbCTOAHMETO

Default Flow Condition  MATLAB Condition State  Superstate  Substate  History
transition graph function action actions junction
Check_in

Checked_in

entry:
move_bags =0,
¥ = expenses(x) on
Senvice++,
foe = (semvi
[room | 1] {fee = 150 Executive_sute
g Bedroom Dinng_area
Front_desk
ro fee = 100 Family_sute
exit )
move_bags = == - —

Single_raom

{ Waiting_area ]

Transition ~ Connective
guarded by junction
input event

V- Codpus) AMrNC: Cem 5

State with State with
exclusive (OR)  parallel (AND)
decomposition  decomposition
Bnagumup Jumuntpos
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OcHoBHuTe enemernTn B Chart

1- State - gobass HOBW CBHCTOSHUSA

2- Junction - 3a cb3paBaHe Ha KOHCTPYKL MK =
if-then-else, for. a
3- 3apaBaHe Ha HayaseH Npexod KbM
CbCTOsIHNE

HeHSGE O O

5,6,7,8 - 3agaBaHe No anTepHaTUBEH HAYWH -
nsnbvaHsieane ot Matlab ckpunt, Simulink
daiin, Tabnuua Ha NCTUHHOCT Unu rpacpuyHa
dyHKumnA

9 - 3anoMHsIHe Ha MPeAnLIHO CbCTOsIHME

5

10,11 - 3a ykpacsiBaHe C onucaHue uau
KapTUHKa
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CuHTakcuc Ha baok cbCTosIHUE

|

[u<=0]
State1 %State Name YA: [transition condition){action} (State2
entry: y =-1; % entry action =
% during:

[u>0]

entry - Npn BAN3aHE B CbCTOAHUNETO

On - NpuW HacTbNBaHe Ha cbbUTME event _name wam npn NocTbNBaHE
Ha CcbobLieHne message name

bind - ykasea, 4e CbOTBETHOTO CHCTOAHME € EAUHCTBEHNS Bb3MOXKEH
M3TOYHWK Ha CbbuTME X.

CobcTosHuaTa morat Aa 6'b,£l,aT €KCKJIY3NBHO N3NbJIHABAHE (ﬂOFI/I‘-IECKO

= o - o ~ o o ~ /l - -~ .
Bnagnmup Oumuntpos (TVY- Codus) MANrnc: Cem 5
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|

[u<=0]
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% during:

[u>0]

entry - Mpu BAN3aHe B CbCTOSHNETO
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CuHTakcuc Ha baok cbCTosIHUE

|

[u<=0]
State1 %State Name YA: [transition condition){action} (State2
entry: y =-1; % entry action =
% during:

[u>0]

entry - Npu BAW3aHE B CbCTOSIHUETO

during - gokaTo cMe B CbCTOSHUETO

exit - Mpy U3AU3aHE OT CbCTOAHUETO

On - NpuW HacTbNBaHe Ha cbbUTME event _name wam npn NocTbNBaHE
Ha CcbobLieHne message name
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M pexoan Mmexnay CbCTOAHNA

1 [u<=0]

State1 %State Name YA: [transition condition){action} (State2
entry: y =-1; % entry action =
% during:

[u>0]

CuHTakenc:

event or_message[condition]condition action/transition _action.
event or message - Noka3Ba CUrHanbT KoiiTo Bbu fosen o npexog
[condition] - Bynes n3pas 3a curHa, KONTO ako € UCTUHA CE MPaBM
npexoaa
condition _action - [lelicTBue, KOETO C& U3MBJIHSIBA NPU YCAOBUE, YHe
[condition] e nctmuHa v npegmn fa e U34UNCNEHO CAEABALLOTO CHCTOSHUE.
transition action - [lelicTBue, k0eTo ce U3NBLAHSBA NpW YCAOBKE, Ye

Condltlon e NCTNHA N C/1ed KaTO € onpeaesneHo CAenBauloTo
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Kpaiiin asTomatn B Stateflow

Mpwn aBToMaTuTe Ha Moore peiicTBMSITa Ce 3BBPLUBAT CamMo B
ChCTOSIHUATA, JOKaTo npu Tesn Ha Mealy camo npu npexoan.
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Kpaiiin asTomatn B Stateflow

Mpwn aBToMaTuTe Ha Moore peiicTBMSITa Ce 3BBPLUBAT CamMo B
ChCTOSIHUATA, JOKaTo npu Tesn Ha Mealy camo npu npexoan.

WN3xopa Ha nsyucneHmeto e goctbneH no-paHo npu Mealy

Moore aBTOMaTUTE HEe Cb3AABAT aNredbpuYHU KOHTYpU npu
N3MON3BaHe Ha TAXHUTE N3XOAU B 3aTBOPEH KOHTYP
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Mpumep 1
[a ce cbCTaBu gnarpamMa Ha CbCTOSIHMSITAa Ha KOMMapaTop. X,y fa ca

CBOTBETHO BXO4 M n3xod. [pexoga mexay CbCTOAHUSATA fa CTaBa CbC
ycnosue 3a X. Ha Bxoga ga ce nogase CUHYCOMAANHA HaNpeXXeHMe.

[Mpumep 2

[a ce cbcTasu guarpama Ha cbCTosiHusiTa Ha D Tpurep ypes Stateflow.
Bxogosete ca clk, d, reset. ViaxonnTe ca q n ginv. Mpexoaa mexay
CbCTOSIHUATA Aa cTaea npu cwbutue clk.
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Mognen basnpano [lpoekTupane
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Mopgen basnparo [lpoekTupane

OCHOBHUM noHATUSA
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KoHuenunaTta model-based design e npouec, koliTo nossonsea 6-p3a
paspaboTka Ha AMHAMWUYHU CUCTEMU, BKAOYBALLM MUKPOKOHTPOAEPN.
ﬂpm TE3IN CUCTEMUN MOAENDT Ha CUCTEMATA € B UEHTBHPA Ha
pa3spaboTkaTa, KaTO TOli C& peann3npa Ha HAKONMKO eTana.

I comooooooooooooosaamasmas - Realization
C Requirements Definition ) C Validation >
\ | Hardware-in-the-Loop Simulation |
Deskiop Modeling and Simulation /’
\ Processor-in-the-Loop Simulation
‘ Rapid Control Prototyping ‘ f

‘ it the-Loop Simulation ‘
\ 7

‘ Code Generation ‘
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Mopgen basuparo [lpoekTupane

Etanu Ha mogenupaHeTo
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MIL (Model in the Loop) - npoekTupane cbC npegasaTenHu
XapaKTEPUCTUKN WK ANarpaMa Ha CbCTOSIHUSTA Ypes
Simulink/Stateflow. V13sicHsiBane Ha koHuenymsTa
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MIL (Model in the Loop) - npoekTupane cbC npegasaTenHu
XapaKTEPUCTUKN WK ANarpaMa Ha CbCTOSIHUSTA Ypes
Simulink/Stateflow. V13sicHsiBane Ha koHuenymsTa

SIL (Software in the Loop) - npoekTupaHe Ha codbTyepHaTa YacT u
HeliHoTO TecTBaHe ¢ nomowTa Ha Simulink. Bb3amoxHocT 3a
reHepupaHe Ha C kof oT npoekTupaHaTa Stateflow gnarpama
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MIL (Model in the Loop) - npoekTupane cbC npegasaTenHu
XapaKTEPUCTUKN WK ANarpaMa Ha CbCTOSIHUSTA Ypes
Simulink/Stateflow. V13sicHsiBane Ha koHuenymsTa

SIL (Software in the Loop) - npoekTupaHe Ha codbTyepHaTa YacT u
HeliHoTO TecTBaHe ¢ nomowTa Ha Simulink. Bb3amoxHocT 3a
reHepupaHe Ha C kof oT npoekTupaHaTa Stateflow gnarpama

PIL (Processor in the Loop) - TecTBaHe Ha codpTyepHaTa 4YacT B
peaneH npouecop, KoWTo komyHukmpa ¢ Matlab/Simulink.
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MIL (Model in the Loop) - npoekTupane cbC npegasaTenHu
XapaKTEPUCTUKN WK ANarpaMa Ha CbCTOSIHUSTA Ypes
Simulink/Stateflow. V13sicHsiBane Ha koHuenymsTa

SIL (Software in the Loop) - npoekTupaHe Ha codbTyepHaTa YacT u
HeliHoTO TecTBaHe ¢ nomowTa Ha Simulink. Bb3amoxHocT 3a
reHepupaHe Ha C kof oT npoekTupaHaTa Stateflow gnarpama

PIL (Processor in the Loop) - TecTBaHe Ha codpTyepHaTa 4YacT B
peaneH npouecop, KoWTo komyHukmpa ¢ Matlab/Simulink.

HIL (Hardware in the Loop) - TecTBaHe Ha peasneHn mMoayn CbC
CUMYAMPaHE Ha YaCTu OT OCTaHanaTa nepudpepus
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Hardware-in-the-loop (HIL) e cumynauus 8 peanHo speme. Mpu Hes ce
CUMy/Mpa peakunsaTa Ha NPOEKTUPaHNs pearynaTop B peaaHO Bpeme, npu
PEANMCTUYHN BXOAHU CUTHANN.
KomnioTbpbT (pa3eoiiHns xapayep) cbabpxa mMogena, paborewy B
peanHo Bpeme Ha obekTa 3a peryaupaxe.

WNHTtepdpeiic 3a Bpb3ka ¢ npouecopa, paboTely B peasHO Bpeme Ha
KOWTO Ce ChbABbP)KA peasiHus Kog,.
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Bb3morxkeH e BaprnaHT KOMMOTBHPa CamMo A3 BU3yanusupa, a npouecopa
Moaenupaly obekTa Aa e oTheneH.

Desktop Comuputer
(Development Hardware)

e
| Control System Model

Uyonppliaton |
i Low Med High !
i i Real-Time Processor
i i (Target Haraware) ponworer
i
H i o
i e ! :
i ! | Software jon | | :
i ; - Controller |
. i »  ofPhysical System | | i
! @ < ! (Plant) b Soiware
i i i !
i e i d
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CobluecTByBaLLmM XapAyepHU peLleHus
https://www.opal-rt.com/
https://www.typhoon-hil.com/
http://www.plexim.com/products/rt_box

http://www.ni.com/hil-simulators/
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https://www.opal-rt.com/
https://www.typhoon-hil.com/
http://www.plexim.com/products/rt_box
http://www.ni.com/hil-simulators/

[a ce page npumep 3a paspaboreaHeTo Ha cunos npeobpasyeaTen.
3axpaHBaHe
Cxeuaps Cunosa cxema / Tosap

ynpasnexve /
KOHTpOnep.

npeoGpasyearen

O6patHa Bpb3ka

ANrnc: Cem 5
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Gaim
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Mopgen Basnparo [lpoekTupane

Bb3amoxHoctn Ha Simulink Ha oTaenHuTe eTann
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3a MIL cuctema - Simscape, Simulink, Stateflow 6ubaunorteku, kouto
n3nonseaxme 4OTYK

3a SIL cucrema - Embedded Coder
3a PIL cucrema - 6ubnnotekn Ha pazinyHUTE NPON3BOANTENN,
Hanpumep

Microchip PIC- Simulink Blocks
ARM
TI TMS320
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S8 Simulink Library Browser 8 S S8 o s
<« Enterscachtem v A v B~ 9 +| = @

MPLAB® 16-bit Device Blocks for Simulink®

4 Simulink

Commanly Used Blocks|

Continuous

Dashboard

Discontinuities Analog 10 BUS 12C
Discrete

- . e a1 08 UAT
System Configuration: OcHosHu Brokose 3a =]
M3NON3BAHMA KOMNUAATOP U HACTPOIKM 3a Py =N

Ports & Subsystems
Sinks Digital 10 Profiling

Sources

n3n0n3BaHNA npouecop User-Defined Functions

Additional Math & Discr|
» Aerospace Blockset
 Audio System Toalbox Pulse Input/Output PUWM 10

Analog - 3a nacTpoiika Ha AUIT n komnapatop || ¢
> Computer Vision System To -
BUS 12C,BUS SPI - 3a HacTpoiika Ha el et

Data Acquisition Toolbox
> DSP System Toolbox

CBHOTBEHUS nHTepdeiic o5 e T 0.5

> Fuzzy Logic Toolbox

o e System Functions ~ System Info

BUS Uart - HacToiika Ha uHTepdbeiica, HO 1 o
Instrument Control Toolbox
KOMYHMKaLMATA C KOMNIOTbPA. B

e
Digital 10- BxogoBe n nsxogu, HacTpoiiku e
Digital 10

Pulse Input/Output- 3a Input Capture nnn e lini

Output compare mogyna &

System Configuration

System Functions

PWM - 3a LLUNM mopyna e

User Functions

> Neural Network Toolbox
OPC Toolbox

» Phased Array System Toolb:
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[a ce pemoncTpupa 3a ynpasnenuneto Ha ceetogmog ¢ LLIVIM.
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Ha koroto my ce 4eTe BKbLUY . . .

MATLAB: An Introduction with Applications.

An Engineers Guide to MATLAB.
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