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EBOsIOLIA BUMIPIOBAJIBHUX CUCTEM
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Figure 1.7 Tesling and monitoring sattelite thrust engine using PC's.
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Figure 1.9 Pulmonary function test setup.
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[MpUKNaan BUKOPUCTAHHA aBTOMaTUYHMUX BUMiIPHOBAJIbHUX
cucTem
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OBDII - On Board Diagnostics system
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TpaauuinHa BUMiptoBasibHa CUCTEMA




BumiptoBanbHi cuctemm

OCHOBHMM 3aBAaHHAM BCiX BUMiPIOBa/IbHUX CUCTEM € BUMiptoBaHHSA Ta / abo
reHepauisa peanbHUX Gi3MYHUX CUTHANIB. BUMiptoBanbHI npuaaan 4ONOMaratoTb
OTPUMYBATU, aHaANI3yBATU | NPeACTaBAATU pe3y/IbTaTu BUMIPIOBAHb.
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TunoBa NocniAOBHICTbL onepawuin nig Yyac BUMiproBasibHOIO
eKCnepumeHTy:

ETann oTpMmaHHA OaHUX

anpokcumauin
CTaTUCTUYHMI aHanNI3
YACTOTHI

BuxigHi AaHi XapaKTEPUCTUKM
MaTemMaTU4yHa
obpobKa...

[laHi, WO MOXKHa
IHTepnpeTyBaTn

npono3unyia ¢isndyHOT YN MaTeEMATMYHOI moaeni aKTy um
06’eKTy, WO cnocTepiraBcs

MNpeacraBneHHA faHUX:
Bisyanizauia — rpadiku
TabanyHa popma

nepeTBOPEeHHA BUMIPAHUX 3HAYEHb B €/1eKTPUYHI CUTHANU
NnepeTBOPEHHA CUTHaNIB A0 NOTPiIOHOro cTaHaapTy
(niHeapu3sauisn, nocuneHHa, ¢inbTpauiaiT.g.),

36MpaHHA AaHUX (MyNbTUNAEKCYBAHHA, NepPeTBOPEHHSA B
unposy dopmy),

0bpobKa curHaniB gaHux

Bi3yani3auia pe3ynbraTiB abo nepenaya AaHUX Yepe3 Mepexy
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[MpuKnag Komn' toTePHOT BUMIPHOBANbHOI CUCTEMM
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OCHOBHI KOMMOHEHTMN BUMIPIOBA/IbHOI CUCTEMMU
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MynbTunnekcopHa 6aratokaHasibHa BUMiptOBasibHa CUCTEMA
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Komn’toTepnsoBaHa BMMiptoBasibHa cUCTEMA
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Komn’toTepHa BUMIiptOBaJibHA CUCTEMA - 3a3BMYAN MatOTb HA YBa3i CYKYMHICTb
IHCTPYMEHTIB, MeToAiB i onepaL,in (nporpamHoro 3abesneyeHHA Ta anapaTHOro
3abe3neyeHHs) NpPM3HaYeHOro AnA 34iMCHEHHA onepalii, HeobXiaAHMX ANA BUKOHAHHS
BMMipIOBaHb: HaNalITyBaHHA 30yArKeHb (KOHTPONbHUX onepaLin), 36ip AaHUX BUMipIOBaHb,
06pobKK AaHunX, nepenadi JaHUX.



Po3noaineHa sumiptoBasibHa cUCTeMa
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OCHOBHI KOMMOHEHTMN BUMIPIOBA/IbHOI CUCTEMMU
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[1PpUCTPOI KOHTPO1O NPOoLUEeCcCOM aBTOMATU3ALIT

MepcoHanbHUM Komn'toTep (npouecop)

MiKpOKOHTpoONEp YM UMbPOBUI CUTHANIBHUIN Npouecop (cneuianizoBaHmI
MiKPOKOHTpoONEp)

Cnctemu peanibHOro Yacy — cneljiasbHe anapaTtHe 3abe3neyvyeHHA | onepauinHi
cuctemm (QNX, iRMX)

BuMiptoBanbHi / KOHTPONbHI CUCTEMM AN1A KOHTPOIO BUPOOHMUMX TEXHONOTIYHUX
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Tpw cTpaTerii ceHcopiB

CmapT-ceHcopU

[1BOKOHTAKTi TpaHCMiTEPU (BUXig MOCTIMHNIN CTPYM)
Lindposunin TpaHCmiTep

BumiptoBanbHi cuctemu 3i 36epexkeHHAM aaHux (data

loggers)

Sensors
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the Ethernet interface (for distances
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CMapT-ceHcop — ceHcop 3 BbyaoBaHUM iHTepdeicom.

PO3BUTOK MIKPOTEXHIKU | MIKPOENEKTPOHIKU A03BOJIAE BBECTU €/IEKTPOHHI CXemMun Ao
ceHcopiB. TaKi CEHCOpPU 4acTo HA3MBAOTb CEHCOPU abO iHTEeNeKTyaNbHi AaTYMKW.
Taki CEeHCOpU MOXKYTb MICTUTU CXEMM HOpPManisauil curHany, nNiHeapusauinHi
CUCTEMU, CUCTEMM KOpPEeKLUii MOMWNOK, MOCNiA0oBHUM iHTepdenc abo HaBiTb
mepexesmn iHTepdenc. OnAa 3abeneyeHHA UET GYHKLIOHANIbHOCTI 4acTO MICTATb
MIKPOKOHTpOEpMW.

TemnepaTypHMUN CMapPT-CEHCOP:

T-> 8 6iTHUN UNPpPOBUN CUTHAN
(36eperkeHHA AaHUX Y BHYTPILWMHIN nam’aTi
4yn nepepaya no RS-232)

:F"H _____________ | c 3-0CbOBUIN CMapPT-CEHCOP

| | .

l— He ! | MarHITHOro nonda — 3a 4O0NOMOTOL0
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et s N ETa~ B yA9BaHOFO Konl.ﬂponepa

| . [ | peanisye pyHKUii unPppoBoro

| ' | IT Komnaca

I I EPROM

, SEnsors




TpaHCcMmITepU

lpes !

CeHcop Ma€ 6yTn geweBnm i NPOCTUM => NOTPIOHO
CMPOEKTYBATM YHIBEPCA/IbHUMN MPOMIXKHUN 0OPOOHUK AaHUX -
TPaHCMITep, Lo NoTim nepegace aaHi gani (RS-232, USB, LAN,
CTpymoBa neTns)
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TpaHcmiTep. MNpuKnag - metTeocTaHUiA

. . . Nepenaya gaHux no RS-232, RS-485,
1 — BUMIP NapameTpIiB BITPY RS-422. SDI-12

2 — BUMIp onaais
3 — BUMIP TUCKY
3 — BUMIP TUCKY | TemnepaTypu




[laTta-norepu

lpen !

[aHi 36epiratoTbca B NPUCTPOI (MOXKAMBO 0bpobnatoTbes) i
nepioaAnYHO 34UTYIOTbCA 30BHIWHIM MPUCTPOEM YK
nepenarTbCca Ha Komn'toTep.

Jlorepu peanbHOro yacy
Jlorepu, Wwo NpauoTb CAaMOCTIMHO
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Po3noaineHa mepeXKa gaTta-norepis
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BipTya/ibHI IHCTPYMEHTH

Productive
Software

Virtual Instrumentation
Essential Technologies for Test,
Control and Design

Synchronizing
Platforms

Modular
/0

BipTyanbHuin  iHcTpymeHT (VI) — ue
Komn’'toTep, WO BiANOBIAAE Trany3eBUMm
CTaHOApPTaM, OCHALWLEHWU 3pydyHUM AnA
KOpMCTYBaya NPOrpamMmHMM
3abe3neyeHHaM, €KOHOMIYHO
edpeKTUBHUM anapaTHMM 3abe3neyeHHAM,
HeobxiagHMMKM AparBepamMmu, WO A03BONSE
LbOMY KOMNNEKCYy epeKTUBHO BUKOHYBATU
YHKUIT TPaAULINHNX IHCTPYMEHTIB.
ImiTOBaHI i3MYHi NnpuaagmM Ha3MBaAKOTbCH
BiPTYa/IbHUMMN IHCTPYMEHTAMMU

(Vis).

BipTyanbHe nporpamHe 3abe3nevyeHHs

[03BOJISIE 3abe3neunTun FHYYKICTb,
CKOPOTUTU Yac pPoO3pOobKM | AM3anHy
NPOAYKLUii, AocarHyTm 6inbl  BMCOKOI
AKOCTI, | 3HU3UTM CBOI BUTPATU Ha

MPOEKTYBaHHA.



BipTyanbHUW npunan,

BipTyanbHuiA npunag,

BipTyasnbHa
(nporpamHa)
4YacTUHA

PeanbHa 4acTuUHa

* nnaTta 36opy AaHuUX * O6pobKa AaHUX
* [HCTPYMEHTH, WO * Bisyanisauia gaHux
KOHTPONOIOTLCA

BigNOBigHNUMM iHTepbencamm

Komn’toTep




Tunu BipTYaNbHUX NPUNAAIB

BipTyanbHa BipTyanbHa
(nporpamHa) (Mporpamta)
4yaCTUHa HaCTvid

AL / LA

Mpwunag [Mpunag Mpwunag

BumiproiBaHi BeIMYUHMU BumiptoiBaHi BeIMUYUHMU




3pa30kK BIpTyanbHOro npunaagy
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BumiptoBasibHI cnuctemu
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ETann po3pobKku BipTyaabHOro npuaaay

Design Verification

Product Verification

VR A= M

Research/Modeling

Design/Simulation

Verification/Validation

Manufacturing

w w ‘w/

Figure 1.14 Simulation test plays a critical role in the design and manufacture.




[pansepu

[JpanBep npwunaay AsnAe coboto Habip nignporpam, fAKi  ynpaBAAlOTb
NporpamoBaHuUM npuaagom. KoxHa nignporpama BUKOHYE MNEBHY onepaLiito,

HanpuKknag, KoHoirypyBaHHA npwuaaay, 34MTyBaHHA 3 npuaagy abo 3anuc B
npunag, 3anycKk npunaaay.

[lpaiBepun CnpoLLyoTb YyNpaBaiHHA NPUAAAOM i CKOPOYYHOTb Yac pPO3PObKMU
nporpam BMnpobyBaHb, HE BUMarato4m npu LibOMy BUBYEHHS

NPOrPamHOro NPOTOKONY AN KOXKHOIo npunaay

omniorep




Moaenb AgpanBepa aBTOHOMHOro npuaaay
(Ha npuKknagai Labview)

Application Programs Getting Started VI
| I

Functional Body

Application Vis

Initialize Close

: Action & s
Configure Status Data Utility

Component Vis

l |

Support Vis VISA
Application Programs - npuknagHi nporpamu; Data - gaHi;
Getting Started VI - VI ans novatkoBoro 3anycky;  Utility - ytunitu;
Functional Body - ¢pyHKLioOHanbHe aapo; Close - 3akpuTTA;
Application Vis - VI goaatka; Component Vls - VI KOMNOHEHTIB;
Initialize - iHiuianizauis; Support Vls - VI niaTpnmku;
Configure - KoH}irypyBaHHS; VISA - Virtual Instrument Software Architecture -
Action & Status - pob6oTa i cTah; apXiTeKTypa NporpamHoro 3abesneyeHHa BipTyasbHUX

BUMIPIOBA/IbHUX NPUIaAiB



Onuc TmMnosux GyHKLUIN Apansepy Y1

VI Application — B1COKopiBHEBI NPUKAAAN KOMMNOHYBaHHA GYHKLLIN HU3bKOTO PiBHA
AN BAKOHAHHA TUNOBUX onepauin nporpamyBaHHA NpUaaais.

VI Application moxyTtb mictnutn VI ana ynpasniHHA KOH$irypauismum, wo Hanbinbu
4aCTO BUKOPMCTOBYIOTbCA MNpUAaAAMM UM 334al0Tb MNEBHI PEXUMU | CAYXKaTb
NPUKNAAAMN BUKOHAHHA TAaKMX CTAaHAQPTHUX onepauin AK KOH@irypauisa i 3anyck
npuaaais, BAKOHaHHA BUMIPIOBAHb.

VI Initialize — BUKAMKAETbCA NepLUMM, BCTAHOBAOE 3B'A30K 3 NPMAAA0OM, Kpim TOro,
BiH MOXXe BMKOHYBATU AeAKi HeobxiaHi Aii 3 ycTaHOBKM npuaaay B No4aTKOBMM CTaH
NPW BKAOYEHHI }XUBIEHHA nNpunaay abo B iHWKWN cneujiaibHUIM CTaH. Y 3araibHOMY
Bunagky VI Initialize HeobxigHO BMKAMKATU TiNbKM OAMH Pa3 Ha NOYATKYy poboTH
nporpamu.

VI Configuration — Habip nianporpam KoHirypyBaHHA NpuaaaiB 18 BUKOHAHHS
HeobXxiaHOI onepauii. 3aneHo Big TUNY NpuUAaZy MOXKe iCHyBaTU KinbKa VI
Configuration. lMicnha sukanky umx VI npmunag rotoBuin 4o BUMIipiB abo GopmMmyBaHHIO
CTUMYNIOOYNX BNANBIB HA CUCTEMY.

VI Action — 3anyckatoTb abo 3aBepLlytoTb Taki onepauii, AK ynpaB/iHHA 3anyCKom i
reHepauia ctumyniotodoro snamey. VI Action — BigpisHAatotbea Big VI Configuration
TUM, WO BOHW HE 3MIHIOIOTb HaNaWTyBaHHA nNpuaagdy, a AaloTb KOMaHAY Ha
BMKOHAHHA Aii, nepeadbayeHoi NOTOYHO KOHIrypaui€to.

VI Status —4ynTatoTb NOTOUYHUM CTaH Npuaagy abo BUKOHYBaHIK onepauii.



Onuc TMNnoBux GyHKLUIN apansepy Y2

VI Data nepepatotb AaHi B npunag abo 3 npunaay:
* 3YUTYBAHHA BUMIPAHOI BEIMYMHU 3 BUMIPIOBA/IbHOIO npuaaay
* MACUBY 3Ha4YeHb CUTHANY 3 BUMIPIOBAIbHOIO Npunaay
* 3aBaHTAXKeHHA CUrHaniB abo UMPpPOBMX NOCNIAOBHOCTEN B NpUaaL,
VI Utility BUKOHYIOTb pi3HOMaHITHI AONOMIXKHI onepauii:
* CKMOQHHA
* CAMOKOHTPOb
* moamndikauia
* yepra NOMUNOK i NOBIAOMNEHHA NPO NOMUJIKY.
* KOPUCTYBANbHULBKI VI:
KanibpyBaHHA
36epeKeHHs
BiAHOB/IEHHA HA/lALWTYBaHb.

VI Close po3puBae nporpamHe 3'€agHaHHA 3 NPUNALOM i 3Bi/IbHAE CUCTEMHI pecypcu.

3BnyanHo Close VI BUKAMKAETbCA TiNbKM OAMH pa3 B KiHLUi nporpamm abo npwu
3aBepLUEHHI 3B'A3KY 3 NPpUIaa0oM .



Tunu npunaais

ABTOMaTM30BaHa BUMIpIOBa/sibHa CMCTeMaA Ha 6asi nepcoHanbHOro Komn'totepa
MOXX€ BUKOPUCTOBYBATU HAMPISHOMAHITHILWI TUNW BUMIPHOBAaNbHUX NPUNAAIB:

MOAY/IbHUX, NPUAAAIB 3 NOCNIAOBHUM i NapanenbHUM iHTeppencom, npunaais 3
iHTepdencamm GPIB i PXI, Ethernet, CAMAC, CAN, FieldBus i iHLui.

HeobxigHa iHbopmauis:
* Tun po3'emy (KOHHEKTOpA) i Npn3HaYeHHA BUCHOBKIB

* Tun Kabento (HyNb-MOAEMHWNIA, BUKOPUCTOBYBAHE YMC/IO0 KOHTAKTIB, TUM KOHTAKTIB
- BU/IKa / po3eTKa)

* BignoBiaHi enekTpuYHi BNacTMBOCTI (PiBHI CUrHanNy, 3a3eMNeHHs, obmerKeHHA Ha
NOBXUHY Kabento)

* BukopuctoByBaHi npoTtokonu 3B'A3Ky (ASCIl komaHau, ABIMKOBI KOMaHAMW,
dopmat AaHmX)

e [locTynHi BepCii NporpamMHux gpamnsepis



IHTepdencu, WnHm

Tunosi onepauii mixk npunagamm:
* HaacnnaHHA AaHUX
* OTpMMaHHA AaHUX
* HagumnaHHA KOMaHA, iICHTPYKL,iN
* CMHXpOHI3auin

IHTepdeiic - cTaHgapTU30BaHe ob6nagHAHHSA Ta Nporpamm, NpuUsHadeHi ana 38'a3Ky mMixk gsoma (abo
6inble) He3aneKHMMN KOMN'IOTEPHUMU NPUCTPOAMM.

IHTepdenc cknagaeTbca 3 anapaTHUX 3acobis (Kabeni, BUNKK , PO3ETKK)
Ta NporpamHoro 3abesneyeHHA (MOBM i KOAM ), WO iIHKOAM HAa3MBaAOTb MPOTOKO/IOM.

MpoToKon - 3aranbHMt Habip NpaBMA, WO PEryaooTb 0OMIH AaHMMKU MiXK NepeaaBadYem i
NPUMMAYEM B MEpPEKi 3B'A3KY.

EnemeHTM cuctemu 3'eiHaHi 3a ,ONOMOTOIO Kabenis.

IHTepdencHa WKHa - niacucrtema NiAKAOYEHHA , AKa Nepeaac AaHi MiXK KOMN'IOTEPHUMM
KomnoHeHTamu. LLUnHa cknapaetbea 3 aoTiB. Lie moke 6yTn HaBiTb 04NH NPOBIA,.

[aHi, npeactasnieHi B uMPOBOMY BUIMALI MOXKYTb NepeaaBaTUCb NOCAIA0BHO abo napanenbHo.



Knacudikauisa iHTeppencis 4.1

MocnigoBHi iHTepdencu:
RS-232C
RS-485
USB
FireWire
NapanenbHi iHpTepdencu
LPT (Line Print Terminal) IEEE 1284
GPIB interface (IEEE-488/IEC-625)
besapoToBun iHTepdenc
IrDA (Infrared Data Association),
Bluetooth
WUSB (Wireless Universal Serial Bus)



Knacudikauisa iHTeppencis 4.2

MobinbHi TenedoHHi cnctemm

GSM and UMTS
Papiocncrtemm

ISM bands (Industrial, Scientific and Medical)
Komn’toTepHi cuctemm 3 BUKOpPUCTaHHAM LAN i IHTepHeT
Cneuiani3oBaHi iHTepdencu:

CAN

12C

MicroLAN

SDI-12

AHanorosi i ribpngHi iHTepdencu
MocTiHnm ctpym 4 — 20 mA
[i6pnaHnim HART (Highway Addressable Remote Transducer)



Knacuoikauia iHtepdencis 4.3

Mpomuncnosi iHTepdencu
Fieldbus
Profibus,
SCADA
MoaynbHi cuctemum
CAMAC system (Computer Aided Measurement and Control)

VXI (VME Extension for Instrumentation) (VMEbus - VersaModule Eurocard
bus)

PXI (PCI Extension for Instrumentation).

CTaHaapTHIi KOMaHaM anAa BumiptoBaHb - Standard Commands for Measuring Devices
- SCPI



