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CbabpKaHue

- Onpegenexne 3a BrpageHn cMctemMm
- OCHOBHU NOHATUS
- XapaKTepuUcTuKu

- Noaxoa v npouec npu npoektnpaHe Ha BCC
- CtaHgapt IEC 61113

- [Mporpammpyem norndeckn KoOHTponep
- OCHOBHU e3uun
- lNoBeye 3a Ladder diagrams
- Cuctemun 3a peanHo BpemMe
- OnepaumoHHn Cuctemun 3a PeanHo Bpeme (OCPB)
- 3aga4dn Ha OCPB
- Apxutekpypa Ha OCPB
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Pa3npocTpaHeHne Ha BrpaaeHuTe
CUCTEMWU

~1%

® PaboTHu cTaHunMmM  ® BrpageHu npouecopu



BrpageHn cuctemu, YCU 5

PasnpocTtpaHeHne Ha BrpageHuTe
CUCTEMW

Total Market, Processors in Embedded Applications,
Modeled Unit Shipments, 2008-2013
{Units in Billions)

2008-2013 CAGR: 6.38%
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BrpageHn codotyepHn cuctemun (BCC)

- BkntousaTt ronam Habop, pa3nuyHm rno pasmep
KOMMKOTbPHN CUCTEMU
- Manku — codTyep 3a ynpasrieHMe Ha OOMaKNHCKU ypen (neparHs,
Kadoe-malunHa n T.H.)
- [onemn — bopaoBu KOMMOTLP B MPEBO3HO CPEACTBO
- YnTpa ronemu (BKNIOYUTESTHO U Ha HAKONKO HMBA) — YNpaBrneHne Ha
TEXHOSTOMMYHK MPOoLEeCU B LSS 3aBOA



NedvHnuma Ha BCC

- HegpbopmanHo: noytn BcAka KOMMNOTbPHa CUCTEMA,
pasfn4yHa OoT HaCToMNeH KOMMNITbP, 1anTon UM CbPBbLP

- CmeceHa xapoyepHa/cogbmyepHa cucmema, Kosimo e
rnpedHa3Ha4yeHa 3a cmpo20 crieyugbuyqyHoO rnpusioxXeHue U e
yacm om ro-2osiima ¢gpusu4decka cucmema, ¢ Kosimo e
cebp3aHa (MoHe f102uyYeckU) u peaaupa Ha HeuHume
cbbumus.



BrpageHn cuctemu, YCU 8

BrpageHu cncremu

- KpntnuHm cuctemmn/Cucrtemmn 3a peanHo Bpeme
- Cuctemu c obuio npegHasHadveHue

KpuUtn4iHm
cucremu/
CUCTEMMU 3a
peanHo
Bpeme

BrpageHu

cncremm
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Hakon xapaktepuctmkn Ha Hsakom BCC

- Huckn xapayepHu pecypcu (namerT, YyecTtoTa Ha
npouecopa v ap.)
- PaboTta B peanHo Bpeme
- KpuTnMYHOCT No oTHoLeHne Ha Be3onacHocTTa (Safety-
critical)
- Bucoka HagexxHocT

- Obnbr nepnog Ha ynotpedba Ha cuctemara
- TpyQHOCT Npu N3BbPLUBAHE HA MPOMEHM

- XapayepHaTta apxuTtekTtypa Ha nnadopmarta, KbaeTo ce
pa3paboTBa cuctemaTa MoXe [a € pasnmyHa oT
apxuTekTypaTta Ha nnatdopmaTta, KbaeTo Lie ce
N3MbrnHABa



XapakTtepuctukm Ha BCC

OBMKHOBEHO BrpageHUTe cuctemm paboTart 6es
npekbcBaHe (HAma shutdown)

B3anmoaencTtBnMeTo ¢ 0OOKPBbXEHUETO HA cucTemara
(Opyrn cuctemm, xopa, MallUnMHW) HenpegsManmo

Moxe oa nma orsnyeckn orpaHNYeHns], KOUTO Oa BIANAAT
Ha OM3anHa Ha cuctemarta

Hanp. MoOunHuTe ycTporcTBa MMaT U3NCKBaHe 3a HaMarneHa
KOHCYMaLMA Ha eHeprusi, KOETO MoXe [a AoBeae A0 OrpaHMyaBaHe
Ha nepudepHnUTE YCTPONCTBa W/Unn n3dop Ha KOHKPeTHa hamunus
npouecopwu

[ToHsKOra ce Hanara gUMPEKTHO B3anMoOeNCTBUE C
xapayepa

3nckBaHUATA 3a HAaJeXXOQHOCT 1 6e30MacHOCT BIUSAAT Ha
An3anHa Ha cuctemarta
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[lpoekTMpaHe Ha cuctemara

- EQHOBpEemMeHHO ce npoekTupar u anapaTtHoTto (hardware)
N nporpamHoTO (software) ocurypsisaHe

- PewwmeHnaTa no gusanHa ce B3nmart Ha ba3arta Ha
HeYHKLMOHANHUTE N3NCKBAHUS

- Moxe fga ce usnonsea cneuyanuanpaH xapayep

- Mo-BMCOKa NPOM3BOANTENTHOCT, HO MO-Markm Bb3MOXHOCTM 33
npomMsHa
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ba3oBa apxutekTypa Ha BrpageHa
cuctema

@ | Actuator ’

Stimulus Response

Sensor Data Actuator
Control Processor Control
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Knacmdecko (xapayepHO) UHXEHEPHO
peLleHne

[MpuHUMN Ha obpaTHaTta Bpb3Kka (Control Loop)

e(t) X(t)

Controller Process
R(1) 4:@—> SN > Y(1)

- M(t)

Measure-
ment device
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O0b00LLEH MOOEN Ha cUCTEMA 3a peariHo
BpeEME

cegpes

Real-Time
Control System

Responses

( Actuator ' l Actuator '

Actuator Actuator
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Pa3paboTtka Ha BrpageHu

COPTYEPHU CUCTEMW

- Mpouec 3a paspaboTka Ha BrpageHn CoPTyEepHN CUCTEMMU

- HanaraTt ce HAKOW NpOMEHU B CpaBHEHWE C TPaAULMOHHUTE
MOJENM Ha npouecu 3a paspaboTka Ha cucTemu ¢ obLLo
npegHa3Ha4YeHne
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[pouec 3a paspaboTka Ha codTyep

AHann3 Ha N3NCKBaHUATA
RELIIEINES))

IOun3auH (design)
Peannsauus
(Implementation)

Banuoaunsa n Bepudukaumngd
(Testing, Verification, Validation)

[Moggpbxka
(Maintenance)
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- AHanNnM3 Ha N3NcKBaHUATa

- OCHOBHO 3Ha4YeHne nmaTt Ka4yecTBeHUTEe N3NCKBaAHUA
- InsanH

- CbBMECTHO Ce NpPoeKTUpaT xapayepa u codpryepa
- Pa3spaboTka Ha cuctemara

- CneuunanHa pasBonHa cpega
- E3num ot H1cko HmBo (acembnep, ANSI C n gp.)

- TecTBaHe
- Moxe ga ce nsnonssar cumysnaTopu
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Pa3paboTka Ha BrpageHn cuctemm

EQHOYMNOB MUKPOKOMMIOTBLP
(Single-chip microcomputer)
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Single-chip microcomputers

- LlennaTt komnioTbp ce Hamupa BbPXY €4UHCTBEHA
NHTEerparnHa cxema (4un)
- [lpouecopuTte
- Nametta (ROM and RAM)
- Benukum BxogHo-mnaxoaHu yctponctsa (Video, serial, etc)
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Cuctemun 3a ynpasnexue (go 1980)

240V AC
+ + -
Power circuit for
24V DC a field Motor.

O
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[porpamupyemMm fIorM4eckn KoHTponepu
(PLC)

i B
N
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BrpageHn copTyepHu cuctemu 3a
yrnpaBneHue

CONTACTOR

MOTOR

g 122
L1

FIELD WIRING

PLC
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Pa3paboTka Ha cuctemm 3a ynpasrieHne

- Nporpamupyemun nornvyeckn KoHtponepu (PLC)

- Ctanpgapt IEC 61131. BkntouBa Habop OT nporpamHu
eanum 3a (PLC)
- Instruction lists
Structured text
Ladder diagrams
Function block diagrams (FBD)
Sequential Function Chart

- MN300pbT Ha KOHKPETEH NPOrpamMeH e3nk 3aBnucK OT
NoAroToBKaTa Ha MHXXeHepa U Buaa Ha 3ajadyaTa,
KOATO ce pelluaBa



IEC 61131-3

Instruction List (IL) - A low level 'assembler like' language that is based on
similar instruction list languages found in a wide range of today's PLCs.

Structured Text (ST) - A high level textual language that encourages structured
programming. It has a language structure (syntax) that strongly resembles
PASCAL and supports a wide range of standard functions and operators. The
standard includes a formal syntax definition of ST

Function Block Diagram (FBD) - A graphical language for depicting signal and
data flows through function blocks - re-usable software elements. FBD is very
useful for expressing the interconnection of control system algorithms and logic.

Ladder Diagram (LD) - A graphical language that is based on the relay ladder
logic - a technigue commonly used to program current generation PLCs.

However, the IEC Ladder Diagram language also allows the connection of user
defined function blocks and functions and so can be used in a hierarchical design.

Sequential Function Chart (SFC) - A graphical language for depicting sequential
behaviour of a control system. It is used for defining control sequences that are
time- and event-driven. This is an extremely effective graphical language for
expressing both the high level sequential parts of a control program as well as
programming low-level sequences, e.g. to program an interface to a device.



Ladder diagram

SL | @ |
| Q

Coil

~ |
S2 S3

Coil = S1 OR (!S2 AND S3)
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M3nbnHeHWe Ha nporpamMa Ha

Ladder diagram
Power flow
Left power rall —_— Right power rail
/ Rung 1
/ Rung 2
/ Rung 3
— > | Rung 4

| END End rung
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-[1porpamHa peanusaumsa c Ladder
diagrams Ha cxemarta c en. Motopa:

Positive Rail I ! ! {: Neutral Rail
Switch Motor Coil
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Cuctemun 3a pearnHo Bpeme

- lednHnyms
Cucmema, 3a KOSSmMO KopeKkmHocmma Ha
pabomama, 3agucu He caMoO om pe3yrimamume,
HO U OmM 8pemMemo 3a KOemo me3u pesyrimamu
ce riofly4asam.
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A general model of an embedded
real time system

Stimuli
Real-Time
Control System

~/,_

Responses

Actuator ( Actuator ' l Actuator ' Actuator
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Cuctemu 3a pearnHo Bpeme

- Knacungukauua cnopen BpeMeTo
- CUHXPOHHU cncTEMM
* ACUHXPOHHU CUCTEMMU
- CmeceHun cnctemu
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OCHOBHW NMOHATUSA

- 3agadya (task)
- EQHOHULWKOBK
« MHoroHuwkoBu

- NpnoputeTn Ha 3agaynTe

- BpemeBa rpanuvua (deadline)

- dncneunpusmpeare (scheduling)
- NapanenHo n3nbnHeHne
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[lporpamMHu cnctemm 3a peanHo BpeMe

- Bcsika 3apayva TpsbBa ga cnasu BpemeBaTa cu rpaHuua

- ObnacTt Ha NpunoXxeHne

- KpUTNYHM CUCTEMM C BUCOKU N3UCKBAHNSA 3@ CUTYPHOCT U
Oe3onacHoCT

- CucTemMm B KOCMUYECKUTE M NETaTENHN anapaTtu
- Cnctemu 3a ynpasrneHue n ap.

- PazynTa ce Ha T.Hap. onepaymoHHU CUCTEMM 3a peasiHO
Bpeme (OCPB)
- Ha anrnuincku - Real Time Operating System (RTOS)
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OnepaumoHHK CUCTEMM 3a peariHO BpeEME

- Pernctpauusa Ha BbHLWHN CbOUTUA
- MIamepBaHe Ha Bpeme

- NapanenHo n3nbnHeHne
- CnMHXpoHn3auus
- KomyHuKauus

- YnpasrneHue Ha 3agaJyunTe
- Soft real-time
- Hard real-time
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OnepauyoHHN CUCTEMIN 3a peariHO Bpeme

- Knacudgounkauma cnopeq KpUTUYHocCTTa:

- Hard Real-Time - Bcekn nponyck Ha BpemMmeBarta rpaHuuia Moxe ga
nma KatactpodpanHu rnocrneacTeus

- Firm Real-Time - Bceku nponyck Ha BpemeBaTta rpaHuiua sBogm o
HeXernaHo HamansgBaHe Ha Ka4eCcTBOTO

- Soft Real-Time - [Nponycknte BbB BpeMeBUTE rpaHnLM ca
O0MNyCTUMU U HaManaBaHEeTO Ha Ka4YeCcTBOTO Ha cuctemara e
NpPMeMnmBO

- Non Real-Time - Hama namncksaHusi 3a cnassaHe Ha BpEMEBUTE
rpaHnun
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[ToumepHa apxutektypa Ha OCPB

External interrupt

r

are Adaptation Layer (HAL)

Task Manager

ent Manager
Ime Manager

Nronization and communication
subsystem

Communication HAL
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CbCTOSHUA Ha 3agadynTte

- Active (TeKkyLLOo n3nbliHgBaHa)
- Suspended (brnokmnpaHa)

- Preempted (npekbcHaTa)

- Ready (rotoBa)

- Passive, Dormant (nacusHa)
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/ Pening /
P>

! Active /
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Task Execution Patterns

- CUHXPOHHO M3NbIHEHUE

- ['NoHWXeHa peaKkTUBHOCT

- NpenckasyemocT

- [No-cnoxHa peanuaaumsi OT aCUHXPOHHUTE CUCTEMU
- ACUHXPOHHO M3NbJIHEHUE

- [NloBuLLeHa peakTUBHOCT

- [No-HuCcKa npeackasyemMocT Ha cuctemarta

- No-necHa peanusauns oT CUHXPOHHUTE CUCTEMU

- CMeceHO n3nblriHeHune



L
CUHXPOHHU CUCTEMMU

[ /
) TS RTT TS| RTT | TS RTT | TS RTT ‘
/ J

Timer IRQ

- RTT — PeanHo BpemeBa 3aga4va (Real Time
Task)

- TS — [Hducneyep Ha 3agaynte (Task
Scheduler)



L
ACUHXPOHHO N3MbIHeHWe

(
s ISR TS RTT ISR TS| RTT |TS RTT |ISR|TS RTT |
/ )

Interrupt
event

- ISR — lNporpama 3a 0bpaboTka Ha NpeKkbCBaHe
(Interrupt Service Routine)

- Moxe oa n3BukBa nnu ga He N3BUKBa Aauncrieyepa Ha
3agayvyunTe
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CTpaTternm 3a gucrnedmpmsnpaHe

- He npekbcBaemo (Non pre-emptive)
aucnednpusnpaHe

BeOHbX cneq KaTo e ctapuparn, NpouecsT ce
N3NbIIHSABA AOKpan Unn gokaTo He ce briokunpa rno
HSKakBa npuynHa (HanpuMep n3vyakBaHe 3a KpuT.
cekuuns)

- [lpekbcBaemo aucnevmpusnpaHe (Pre-emptive
scheduling)

M3nbnHeHneTo Ha gageH npolec Moxe ga obae
NPeKkbCcHaTO OT MO-BMCOKOMNPUOPUTETEH NPOLIEC



BrpageHn cuctemu, YCU

YnpaBneHue Ha pecypcute

- KpntnyHun cekymu
- [lIBONYHM cemadpopwu
- Cemadhopu
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[1Bon4yeH cemadoop

'-__..__-_§‘
P Fe ~
-

tAccessTask 1

Shared

tAccessTask 2

Binary

Semaphore *~.
(Initial value = 1)

-~ -
\§ ”’
-
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[TpyHUMN Ha paboTa Ha cemadpopa

Acquire
(value =0)

Available
Release

(value = 1)

Initial
value = 0

Initial
value = 1

Unavailable
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Cemadopu

control »
information -

/
cour'iting ,/'
semaphore -~
e
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[lpoLiec 3a NnpoeKkTupaHe Ha CUCTEMU 3a
peanHo Bpeme

- WpeHTndukauma Ha ceoutusaTa, KouTo TpsioBa
na ce obpaborsar

- edunHupaHe Ha HeobxogMmMuTe peakuun Ha
cbouTuaTa

- 3a BCSKO CbOUTKE N peaKkuusa ce onpenensar
BPEMEBUTE OrpaHnNYeHus

- ObegunHABaHe Ha cbOUTUATA N peaKkunnTe B
naparnesniHo N3NbIHABAHM NPOLIECH
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[lpoLiec 3a NnpoeKkTupaHe Ha CUCTEMU 3a
peanHo Bpeme

CbcTaBdaT ce anroputMun 3a obpabdboTka He
pasfnMYHUTE BNOOBE CbOUTUSA U peaKkLnmn, KOUTO
TpsibBa Aa NocpeLlHaT 3aJaJeHNUTe BPEMEBU
OorpaHNYeHuns

[poeKkTupa ce cuctema 3a gucnedmpusmpanHe,
KOATO MMa 3aJaya Ja cTapuTpa BCEKU npoLec
HaBpeme

NHTerpupa ce Bcuyko 4ype3 OCPB
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BpemeBun orpaHnyeHuns

[ToHsIKOra n3mckBaT cumynaumm nnm
eKkCnepuMeHTun 3a Bannaauus

OrpaHunyaBaT NMPUNOXeHNETO HA HAKOW LLUMPOKO
pPasnpoCTPaHEHU NOAX0oAM 3a NPOEKTUPAHE

- 0014

- ApxuUTeKkTypa, OpueHTUpaHa KbM ycnyru

OT cbobpaxeHus 3a NPon3BOANTENHOCT
HanaraT ynotpebara Ha nporpamHun e3uum ot
HUCKO HMBO



