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AHAJIN3 U CPABHEHUE HA MEXK/YHAPOJIHUTE
CTAHJAPTH 3A JENATA HEHTPOBE

Pocen C. PangxoB

Pe3iome: Jleiita neHTpoBeTE ca MHOTO Ba)KHH 3a Ou3Heca. Te ocurypsBar yCiryru M MPHIIOKEHHS, KOUTO ce
W3MO3BAT KakTo OT (UpMHUTE Taka W OT rpaxaanute. [Ipu npoektupanero u uirpaxaanero Ha JLI tpsaoBa
Ja ce B3eMaT O] BHMMaHHE HE CaMO M3HCKBAaHUATa Ha OWM3HECHPOLIECUTE, HO W HM3HMCKBAaHUATA Ha
MEXIyHapOIHHUTE ¥ HAIIMOHAJIHY CTAaHAAPTH. BakHO € crienuanucTuTe, KOUTO NpoeKTupar u urpaxaar JL1,
Jla ca 3all03HATH ChC CHUIECTBYBAIINTE CTAHAAPTH U AOOPH MPaKTUKU. Ta3u cTaTHs aHAIM3UpPa CTaHIApTHTE
U OIpesess TSXHATa MPUIOKUMOCT MPHU PEIIaBaHETO Ha OTACTHUTE 3ajjaul, pelliaBaHu MPHU MPOEKTUPAHE U
m3rpaxane Ha J(11.

KirouoBu xymMu: 10CTBIIHOCT, O€30TKAa3HOCT, J€HTa LIEHThP, Bb3CTAHOBSBAaHE Ha OM3HECA, HEIPEKbCHATOCT
Ha OM3Heca, pe3epBUPAHOCT.

ANALYSIS AND COMPARISON OF INTERNATIONAL STANDARDS FOR DATA
CENTER INFRASTRUCTURE

Rosen S. Radkov

Abstract: Data centers are essential for the business today. They provide services and applications that are
used by both company and ordinary citizens. To build a DC infrastructure in order to meet the specifics of
the business processes it is needed to consider both its peculiarities, international and local standards. It is
important that the designers of DCs have knowledge of the ideas incorporated into the various standards and
knowledge of best practices. This article analyzes the indicators used by various standards that define the
requirements when designing a data center.

Keywords: Availability, reliability, data center, disaster recovery, business continuity, redundancy.

1. BLBenenune

Jleiira nentpoBete (/L) ca or chimecTBeHo 3HaueHue 3a (upmMuTe U maszapute. Bucokara
IMPOU3BOJUTCIIHOCT W BHUCOKATa AOCTBIIHOCT Ca OCHOBHHU H3WCKBAHHA KbM TAX, HE3aBUCHUMO OT
pa3Mepa um. Te TpsiOBa aa ca Ha pasnosiokeHue 24 gaca B JEHOHONIMETO W 365 JAHM B roguHAaTA.
CaMo0 HM3MOI3BaHETO Ha BUCOKOKA4YECTBEHO OOOpyABaHE HE € JIOCTAThYHO, 3a Ja Ce TrapaHTHpa
O6esnpobieMHaTa UM pabora. 3aMsiHaTa Ha ChHINECTBYBAIIUTE KOMIIOHEHTH C TaKHUBa, KOHWTO
OCUTYpSIBaT MO-BUCOKA MPOM3BOAMTEIHOCT, ChUIO € HEaJeKBATHO pelieHue. J[Hec HalIW4MeTo Ha
curypen u Haaexzaen /LI, xoiito pabotu edeKTHBHO, € KOHKYpPEHTHO MPETUMCTBO 3a BCsKa
komnanus. Excrnoaranumsta Ha JIL[ TpsGBa na oTroBaps Ha MEXIyHApOJIHUTE MPAaBHU HOPMH,
M3HUCKBAHUSATA 32 CUTYPHOCT Ha MHGOpMAIUATA U 1a OTTOBAPAT Ha CHEU(PUIHUTE U3MCKBAHHS Ha
KOMIIaHUsTA.

B HacTosimus MOMEHT ChIIECTBYBAT MHOKECTBO CTaHAAPTHU 3a MPOCKTUPAHE U U3TpaxaaHe
Ha JII] wim gacTu OoT HeroBata MHPPACTPYKTypa. 3aadata Ha Ta3u CTATHS € J1a OMPEIETH KO OT
CTaHJIaPTHUTE 3a IIEHTPOBE 3a JIaHHU TPsOBa J1a ce cle/Ba MPHU MPOSKTUpaHe U u3rpaxnane Ha 1]
WJTU 9acT OT HeroBaTta HHPPACTPYKTypa.

2. CtanaapTv 3a NpoeKTHpPaHe, M3rpaxIaHe U ekciioaranus Ha JI1{

AHanu3bT Ha JUTepaTypaTa IOKa3Ba, Y€ HbPBUAT ONUT 3a OOMEH Ha 3HAHHUA OTHOCHO
kputnuHata UT wundpactpykrypa (MUTUC) e nampaBen mpu cb3naBaneto Ha Uninterruptible

KOMIIOTHEPHY HAYKU U TEXHOJIOTUH 1 2017 Computer Science and Technologies 8



Uptime Users Group (UUUG) mipe3 noemspu 1989 r. Bogemusat npunnun Ha UUUG, 3a na craHe
o-KbCHO popyM 7x24, e "na ocurypsiBat GopyM 3a 0OOMEH Ha 3HAHHS 32 T€3U, KOUTO MPOEKTUPAT,
M3rPAKIAT, M3MOJI3BAT W NOAAbpKaT KputnuHu kopropatuBau MTHUC". Hskonko roauHu mo-
KbCHO, Tipe3 1993 1., pupmara The Uptime Institute Inc. cp3nmaBa caiira ,,Uptime Network* ¢ men
JUPEKTHO Ja aJpecupa M paspelid MpodiieMuTe, OTHACAIM ce A0 HelmpeKbCcHaTaTa paboTa Ha
uHopactpykrypara Ha Il (MommHOCT, oxlaxknaHe W enekTpuyecka cpena). Cien ToBa Te
nyonmkysat gokymenta "'Tier Classifications Define Performance Site Infrastructure White Paper”,
KOWTO CTaBa Hacoka 3a Ou3Heca 3a mpoektupane u usrpaxknane Ha JIL[. IIpe3z ampun 2005 .
Acomnuanuara Ha TelekoMyHUKannoHHata wuHAycTpuss (TIA) ceBMecTHO ¢ AMEpPUKAHCKHUSA
HallMOHAJeH WMHCTUTYT 1o ctaHgaptuzanus (ANSI) nmybmukysar cranmaprta TIA-942. [1o-kbecHO,
ollle OpraHu3aluy padoTAT B 00JIACTTAa HA MOJATOTOBKATa HAa CTaHIAPTH, MPENOPBKUA U Hai-100pu
IIPAaKTHKH 3a IpoeKTHpaHe u ekcrutoartarus Ha JILT [1], [2].

PasButnero Ha crangaprute 3a J{L] BB BpemeTo e mokazaHo Ha ¢urypa 1.

Uninterruptible Uptime Users Group

Uptime Institute ctaHgapTv3auuma

TIA / ANSI ctangapT

Syska Hennessy
Group ctaHgapTt

[ oo W isco W 1070 W o0 W ioo0 W 200 W 2010 W 2017 ]

CroTseTcrsa Ha Tierl -

Croroererea va ez
CvoTBeTcTBa Ha Tiers s

Cvotsertctaa Ha Tierd N

@ur. 1. Pa3Butre Ha cranmaptute 3a JI1 [1]

Bogaemu cranmaptu 3a npoexktupane Ha L[ vim yact ot cucremute B JI1[ B MOMeHTa ca:

2.1. Craupapt ANSI/TIA-942-A ,,Telecommunication Infrastructure Standard for Data
Centers” [3], [4], nyonukyBan npe3 mapT 2014 r. ¢ obem ot 118 crpanunmu nepunupa LI karo
Crpajia WM 4YacT OT Crpaja, YUETO OCHOBHO NpeJHA3HAYCHHE € Ja OCUTYPH 3aja 3a KOMIIOThpPHA
TEXHUKa W HEOOXOIMMHUTE CHITBTCTBANIM TOMENIeHUS. ToW cH mocTaBs 3a 1men Ja JepuHupa
M3UCKBAaHUS M HACOKHM 3a TpoeKTHpaHe W wu3rpaxaane Ha J[I[ mo oTHomieHuWe Ha Crpaaure,
KaOCTHUTE CHUCTEMH M MPEKOBUTE TOIMOJIOTHH. [IpeqHa3HAaYeH € 3a Te3HW, KOUTO Ce HYXKIASIT OT
3HAHHUA 32 IIOCTHOTO TpoekTupane Ha J[LI, BkirounTenHno crpaaute Ha J[L], kaGennara cuctema u
nu3aiiHa Ha Mpekara. CTaHmZapThT JaBa BB3MOKHOCT Ja CE€ HAMpaBU MYITHIUCIUTUTHHAPHO
MPOEKTUpAHE, OTUMUTAHKH OCOOCHOCTHTE Ha pa3NUYHUTE CHUCTEeMH, KOUTO TpsOBa aa Oblar
nmpoeKkTupaHu. BaxkHo € ma ce oTOenekd, 4e HACOKHTE Ce OTHACAT U KbM BH3MOKHOCTHTE 32
pasmmpsBane Ha [III, 3a 12 ce OTroBOpM Ha W3HCKBAHHATA Ha HOBUTE OM3HEC MPOIECH, KOUTO
TpsiOBa a ObJIAT OCUTYPEHH HJIM Ha IPOMEHUTE B OM3HEC MPOIIECUTE, KOUTO TEKYIIO c€ 00CTyKBaT.
JIOKyMEHTHT TMpeACTaBs TOMOJOTHATa Ha WHPACTPYKTypara 3a JOCTHI M CBHP3BAHETO Ha
OT/ICJIHUTE €JIEMEHTH, BIM3allN B cbcTaBa Ha J[1l, n3mos3Baiiku 3HaHUSTa U BAPUAHTUTE, U3BECTHU
KbM T03u MOMeHT. OOpbllla ce BHUMAHHUE U Ha PA3MOI0KEHHETO Ha €IEMEHTHTE B IOMEIIIEHUSTA OT
IJIeIHAa TOYKA Ha 0ajaHC MEXKIY CUTYPHOCT U YIPaBJISEMOCT, KAKTO W IUIBTHOCT Ha Pa3TOJI0KECHHE
Ha ChPBBPHUTE U KOMYHHKAITMOHHUTE IIKadoBe. CTaHIapTHT ompeens olmra kabemHa cuctemMa 3a
J11 u cBBp3aHUTE C HETO ChOPBKCHHS, YUATO OCHOBHA (DYHKIIHS € 00BBp3aHa ¢ HHPOPMAITHOHHUTE
TexHonoruu. Mma ce mpenBui, 4e MOMENICHHUATa W KaOelnHaTa cHCTeMa MOXKE Ja C€ M3MON3BaT
KaKTo OT eaHa ¢upma, Korato craBa ayma 3a yacteH [I1], Taka u ma Ob1aT mpeaocTaBeHH Ha MHOTO
¢bupmu, xorato craBa nyma 3a J[Il, mpemoctassiin xoctunr Hanmpumep. JI[ ce msrpaxkna, 3a na
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o0ciyBa OM3HEC MPOILIECUTE B MPOIABIDKEHHE Ha JeceTusaeTus. B To3u cMUCHI MPOEKTUPAHETO U
HAYMHBT HA WHCTAJIMPAHE BIUSAAT HA J>KU3HEHHMS] IHMKBI U YCTOHYMBOCTTA HAa EIEKTPOHHOTO
oOopynBane. Te BAUSAAT U Ha OKOJHATA Cpe/ia, MOpaau KOETO CTaHAAPTHT HachpuaBa MPOEKTAHTUTE
Jla OTYUTAT 0COOEHOCTUTE HA MECTHOTO 3aKOHOATEICTBO U HOPMH.

CtaHgapThT oONpenels JBe KaTeropuu HW3WCKkBaHus (kpurepuu) [4]: 3aabDKUTETHA
(mandatory) u xoncyntatuBHHU (advisory). 3aAbIDKUTETHUTE U3UCKBAHMSI ca 0003HAUEHH C JyMaTa
Tpsi6Ba (shall), a koHCynTaTUBHHTE ¢ MymuTe: npenopbuntenaHo (should), Moxe (may), sxemaTeaHo
(desirable). 3anbiKUTETHMTE W3WMCKBAHUS CE€ MpWJIAraT 3a 3allUTara, MPOU3BOIAMTEIHOCTTA,
aJIMMHHUCTPUPAHETO U CHBMECTUMOCTTA U yKa3BaT MUHUMAIHO HeoOxoaumure. [Ipenoppuntennure
M3HMCKBAHUS ca HACOUECHU KbM pa3UIMpsABaHe Ha o0laTa MpOU3BOAUTEIHOCT Ha KabemHaTa cucreMa.
[Tpoexrantute Ha Il TpsiOBa mAa WMmar mpenBui M BCUYKHU Apyru npuioxumu TIA cranpaprw,
KaKTO M JIOKaJTHH HOPMATHUBHH 3aKOHU, MIPABWIHUIM U HapenOu. B oTaennu pa3nenu Ha crangapra
ca ONMCAaHM HM3MCKBAaHMATA 33 HMBATa 33 KOMYHHMKAIIMOHHATa MHQPPACTPYKTYpa, apXUTEKTypara,
enekTpo3axpanBaHeTo u MexanndHoto (HVAC) oGopynBane. B monwinenne F kbM cTanmapra,
KOEeTO € MH(OPMAaTUBHO M HE Ce CUMTA 3a 4acT OT Hero, ce nmpasu kinacudukanus Ha L] cmopen
HuBoto (Rating) Ha ycTOHYMBOCT Ha HeroBata MHQpPACTpyKTypa. 3a KiacuduKaiusaTa ce HuMa
NpeIBUI HUBOTO Ha PE3EPBHPAHOCT HA KOMIIOHEHTHUTE, BB3MOXKHOCTTA 3a €JHOBPEMEHHA
MoAApBKKA U ekcruioaTauus Ha J{L[ u yctoitunBocTTa Ha OTKa3u. JlepuHupanute 4eTupu HUBA Ce
o3HauvaBar c: Rated 1, Rated 2, Rated 3 u Rated 4 (mo 2014 r. ca o3nauaBanu c Tierl, Tier2, Tier3 u
Tier4). Knacudukanusra ce otHacs 10 apxuTektypara (A), mexannyaure (M), enektpuyeckute (E)
n xomyHukauuonuute (T) wactm wa JIII. Korato /L] mma pa3nuyHO HHMBO 3a YETHUPHUTE CHU
KOMITOHEHTH, 32 HUBO Ha ycToitunBocT Ha JI1] ce mpuema HUBOTO Ha Hail-CllaOMsl KOMIIOHEHT.

2.2. Cranpapt EN50600-x

Crangaptst EN50600-x e pazpaboren or CENELEC, 3a pa amantupa BbIOpocHTE 3a
MIPOCKTUPAHETO, U3rpaKAaHeTO U noaapbxkkaTa Ha L] kM EBpomneiickute ycinoBus. OrpoMHUAT
Opoil BBIIpOCH, KOUTO TpsAOBa J1a OBbAAT pelieHH, € pa3zesieH B HAKOJIKO yacTu Ha ctanaapta: bJIC
EN 50600-1 - O6mu xouuenuuu [5]; BJC EN 50600-2-1 - Koncrpykuus Ha crpaau [6]; BAC EN
50600-2-2 - Pasnpenenenue Ha 3axpanBanero [7]; BJIC EN 50600-2-3 - KouTposa Ha OKOJHATa
cpena [8]; BAC EN 50600-2-4 - UudpacTpykTypa Ha TeJeKOMyHUKaIMOHHO okabensaBaune [9]; BJC
EN 50600-2-5 - Cucremu 3a curypaoct [10]; BAC EN 50600-3-1- Mudopmalust 3a ypaBiIeHHETO
u ¢yuknuonupanero [11]; BJAC EN 50600-4-1 - OO0 npersien ¥ oOIIH W3UCKBAHMS 3a KIIFOUOBU
nokasarenu 3a pesynrataoct [12]; BIC EN 50600-4-2 - E¢ukacHOCT Ha U3MOJI3BaHEe Ha EHEPTUATA
[13]; BJAC EN 50600-4-3 - Koedunuent Ha Bb30OHOBsieMa eHeprus [14]. TlomoOHO Ha apyrute
CTaHJIApPTH € MpeAHa3HaueH KbM HIMPOK KPBI JUIA, CBbP3aHU C YINPABICHHETO, KOHCYITHPAHETO,
MIPOCKTUPAHETO, JIOCTaBKaTa M WHCTalIMpaHero Ha obopynsaHe B [LI. [eraiinmsupa BBIpOCHTE,
KOUTO TpsAOBa Ja ObJAT B3€TH MpeABUA TNpU aHaIM3 Ha OW3HEC pPHCKa; W3MOJI3BaHaTa
TEPMHUHOJIOTHS; OOIIMTE aCTIeKTH, OTHACAIIH CE J0 CrpajuTe U MH(PpacTpyKTypara; nepuHupaHaTa
KIacupuKalMOHHA cXeMa; OOIMTe MPHHIMIUA 3a MpoekTupaHe. Ch3gaTenuTe H3THKBAT, ue
CTPEMEXBT UM € JIa Ch3JaIaT OM3HEC OPUCHTUPAH, a He puHAHCOB moaxoxn [15].

2.3. Crannapt ISO/IEC 24764 ,,Generic cabling systems for data centres” ot 2010 r. [16]
— B pamkure Ha 37 crpaHunu crneuuduuupa camo kabennara cuctema B JIIl. Jlepunupanu ca
M3UCKBaHMATA U Ca JIQJICHH MPEMOPhKH Kak 1a Obae u3rpaneHa kadbennara cucrema B J11, 3a na ce
HOJTy9H HE0OX0quMaTa IPOM3BOIUTEITHOCT.

2.4. Amepukanckust cranaapt Uptime InstituteTier Standard (TS) ot 2014 r. [17]-[20] ¢
o0eM oT 13 cTpaHuiy, KONTO HE € W3/laHWe Ha CTaHJapTU3Upalla OpraHu3alus, crnenuduImpa
M3HCKBAHUS KAaKTO 3a CrpajuTe, Taka U 3a uHppacTpykrypata. Uptime Institute cu mocrass 3a uen
Jla ch37a/ie OOEKTUBHA OCHOBA 3a CpaBHEHUE Ha (YHKIIMOHATHOCTTA, KalaluTeTa U HaJAeKIHOCTTa
Ha TomoJyorusTta Ha AaneH /L[ copsmo npyr /L] wnm 3a cpaBHenue Ha rpyma ot JLI. Uptime
Institute, ocaoBan mpe3 1993 r. ¢ nokanus B Canra ®e (Hio Mekcuko), ch3aasa ,,Data Center Site

KOMIIOTHEPHY HAYKU U TEXHOJIOTUH 1 2017  Computer Science and Technologies 10



Infrastructure Tier Standard: Topology” (TS:T) [17] u ,Data Center Site Infrastructure Tier
Standard: Operational Sustainability” (TS:0S) [18] kato 3a kpaTKoCT, ChbBKYIIHOCTTa OT JIBaTa III¢
o3HauuM ¢ TS, ¢ nen na 6paaT oOekTHBHA 0a3a 3a CpaBHSBAaHE Ha BB3MOKHOCTHUTE HA PA3TMYHU
TOIOJIOTMH, KAKTO Ha TPyIa OT CalTOBE.

TS:T onucBa GyHKIIMOHATHUTE W3UCKBAaHUS KbM WHKeHepHuTe cuctemu B J[II, komTo na
IIO3BOJISIT Ja C€ JOCTUrHAaT OW3HEC WEeNWTEe WM Ja C€ M3IbJIHU CcTpaTernyeckara Lel Ha
opranuzanusaTa. CTaHIapThT ONMUCBA KPUTEPUUTE 3a pasjeisHe Ha uHpacTpykTypara Ha L[ Ha
yetupu HuBa, Tier I, Tier II, Tier III u Tier IV, cnopen HUBOTO Ha pe3epBUpaHE HA AKTHBHHUTE
KOMIIOHEHTH U KOMYHUKALIMOHHUTE TPAceTa U Bb3MOKHOCTTA 34 €JHOBPEMEHHATA EKCILIoaTalus U
noaapexkka Ha [JIII. Knacudukanuara e cb3gageHa 3a  CHUCTEMaTHYHO ONUCaHUE Ha
uHpacTpyKTypara, HeoOxoauma 3a padorata Ha /[LI. B Hes He ce onucBaT XapaKTePUCTUKUTE HA
KOHKPETHHU CUCTEMH U MOJCUCTEMHU.

[Ipeanasznauenuero Ha TS:T e na npenocraBu Ha npoektantute Ha JL, oneparopute B L u
MEHUKBPUTE (HE TEXHUYECKH) CPEJCTBA 32 OOEKTHUBHO OIpeesiHE Ha OYaKBaHATa HaJEKIHOCT
Ha pas3nuuHuTe TomojorudHu crpykrypu Ha JIII. Cumra ce, ue paborata Ha JIIl 3aBucu oT
ycremHaTa ¥ CchIjlacyBaHa paboTa Ha €JIEKTPUYECKUTE, MEXaHWUYHUTE U JPYTUTE HHXKEHEPHU
cucremu. Beska enHa moacucTeMa U cucteMa TpsOBa na ObJe M3rpajieHa 1Mo TakbB HAYHMH, Y€ 1A
OTroBapsi Ha CTENEHTa Ha OTKa30yCTOMYMBOCT, ompejesieHa OT choTBeTHOTO HuBO (Tier). Haii-
BAXKHOTO, KOETO cOOCTBEHMLIUTE U mpoekTaHTure Ha JIL| TpsAOBa ga oTuMTaT mpu B3EMaHETO Ha
pellieHus, € Kak KOMIPOMHUCHUTE IIe OKakaT BiusHUe Ha pabortata Ha UT cuctemara B mpoieca Ha
eKCILIoaTalusl.

TS:0S [18] ompenens aaropuTMHTE U PUCKOBETE 3a BCIKO €IHO OT HHUBATa, KOUTO BIIUSAT 3a
nocrturanero Ha nenure Ha JI[ mnm pemaBaHeTo Ha OM3HEC 3aauynTe B JBJITOCPOUYEH ILIAH.
[Ipeqna3znauen e 3a coOcTBeHHMIIUTE, omeparopuTe W MeHWKbpuTe Ha JII[. Tol momara Ha
cooctBenunute Ha JI1] na moumar edexruBHOCTTA HAa MHBecTUMUTE cu B JIII. ChcTOUM ce oT Tpu
yacTtu: ympaBieHue u omnepauuu (Management & Operations); XapakTepUCTUKHA Ha CrpajuTe
(Building Characteristics); mscro na JIL (Site location). Besika enHa OT Te€3u TpH YacTH ce ChbCTOU
OT HSAKOJIKO KaTeropuu U KOMIIOHEHTH, C KOMTO Ca CBbpP3aHU ChOTBETHU AJITOPUTMHU U PUCKOBE.
OmnpeneneHnure B CTaHJapTa aJlfOPUTMH ca KIaCU(PUIMPAHU 10 MPUOPUTETU U Ca MPEACTABEHU B
TabyuIla, KOETO J1aBa Bb3MOXKHOCT Ha COOCTBEHHUIIUTE Ja C€ OPUEHTUPAT JIECHO U J1a OLEHST KOH OT
MIPOLIECUTE Ca CBBP3aHM C IO-BHCOKM DPHMCKOBE, 3a Ja IMpearnpuemMaTr ChOTBETHUTE JEHCTBUS.
HeiictBust TpsiOBa na ObJaT MpEeANpUETH MPH MPOCKTHPAHETO, MPU Mpexojia KbM eKCIUIoaTalus,
KaKTO U NpH camara exkcruioatauus Ha JIL{. B Tabnunure ca npencraBeHn Bb3MOKHHUTE allTOPUTMU,
a He KOHKPETHH W3HMCKBaHUS, ThH KaTO T€ MOrar Aa ObJaT pealu3upaHd MO Pa3iuyHUu HAYUHHU.
Baxxno e o0aue, BCHUKM aJTOPUTMH Jla C€ U3IIBIHIBAT €IHOBPEMEHHO U J1a ObJaT epeKTUBHH, 3a J1a
MOJK€E J1a c€ MOCTUTHEe ChOTBETHOTO HMBO Ha jaocThhHOCT Ha [III. EdextuBHoctra Ha TS:OS ce
oTpezesnsl upe3 TP IMPUHLHUIIA: IPOAKTUBHOCT, MPAKTUUECKO U3MOI3BaHe U MHPopMUpaHocT. Enun
QITOPUTHM C€ CUMTa 32 €eKTUBEH, KOTaToO ca MPEJICTaBEeHHU J0Ka3aTeNCTBa 3a U3MOI3BAHETO U Ha
TpUTe MNpUHUMIA. J[OKa3aTeiacTBO 3a ,,MPOAKTUBHOCT ca J100pe TOKYMEHTHpAaHU MpOLeCH 3a
BCUUYKHM CBIIECTBYBAIlM M MPEACTOSIIM JEHCTBUA, KAKTO W 3a MIPOLEIYypUTE 33 HENPEKbCHAT
KOHTpPOJ U OOHOBSIBaHE. BTOPUAT NpUHIMI ,,TPAKTUYECKO M3MOJI3BaHE ™ CIIYKH 3a MOTBbPXKACHUE,
Yye MpOLEeAYPUTE U MPOLECUTE CE U3MBJIHABAT BUHATU U T10 €IMH U ChII] HAYMH, HE3aBUCUMO KOU U
Kora TM Wu3MbIHsBA. ,,JIHGOpMupaHOCT® O3Ha4aBa BCUYKU CIY’)KUTEIM B OpraHM3alusTa Jaa
MPUTEKABAT HEOOXOIUMUTE 3HAHUS U YMEHHS 3a JIEHHOCTHUTE, KOUTO CE Hajara Wi MOXe Jia ce
HaJIOXH J1a M3MBJIHAT. 3a Ta3U IeJ1 BCEKU CIYy)KUTEN TpsiOBa na 3Hae: 1) ye mma mpoienypa, 1o
KOSTO C€ M3IIBJIHSABA ChOTBETHATA JEMHOCT, 2) KbJ€ Ja HaAMEpH IpolieaypaTa U 3) 4e UMa JOCTHII
1o Hest. TS:OS He BKIIIOYBAa MEPKH, CBBP3aHU C: YIPABICHHE HAa CUTYPHOCTTA, OXpaHaTa, OKOJIHATa
cpelia U IepcoHasa.

2.5. CtannapTtANSI/BICSI 002 “Data center design and implementation best practices”
[3], [21]-[25], ¢ nocnenna Bepcus ot 2014 r. 1 06eM oT 534 cTpaHUIM — CTaHAAPT, Ch3AAACH OT
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BICSI (Building Industry Consulting Service International, Inc.) ¢ men ma mpemoctaBu m00pu
MPAKTUKA W METOau Ha m3mbiHeHue, kouto na nonbiausaT TIA, CENELEC, ISO/IEC u apyru
nyOJIMKYBaHH CTaHAApTH IpH MpoekThpaHe u ekcrutoaranus Ha JIII. Cranmmaptsr [21]-[28]
MIpe/ICTaBIsABa OPOOCH CIIPABOYHUK 3a TepMUHOJorusaTa Ha J{L] 1 ppKOBOICTBO IO OTHOIIICHHE HA
nobpure mpakTuku 3a mpoektupaHetro Ha JL. IlpennazHayen e 3a UHBECTUTOPUTE U
cooctBenunute Ha JI1I, omepaTtopuTe, KOHCYJITAaHTUTE W MEHUDKBPUTEC Ha MPOEKTH, KAKTO M 3a
MHCTaJIaTOpUTe Ha oO0opyaBaHeTo U MH(ppacTpykTypaTta Ha [I. B Hero moapoOHO ce pasriaexaaTt
BBIIPOCUTE, CBHP3aHM ¢ u300pa Ha MsacTo Ha [IL], mianupaHeTo u pa3npeneeHHeTO Ha IUIOIMUTE B
AL, apxurektypata Ha JI| u pa3nuuHuUTEe BHIOBE CHCTEMHU: EJIEKTPUYECKH, MEXaHUYHU,
MIPOTUBOMNOXKAPHU, TEIIEKOMYHUKAIIIOHHH, YIPABIISBAIU U CUCTEMH 3a CUTYpHOCT. Pa3rinenanu ca
U BBIPOCHUTE, CBBpP3aHH C BBBekAaHero Ha JII B ekcruioartamus, Herorara NOIIAPBKKA H
ynpaBieHue. B mpunokeHusaTa KbM CTaHIapTa MMa MPEnopbKH, OTHACALIM ce A0 Ipoleca Ha
MPOEKTHpaHE, OIICHKaTa Ha HAJCKIHOCTTA M JOCTBIHOCTTA. [IpemcraBeHW ca mpoueaypu 3a
knacudukanug Ha J[L[ cmopen HUBOTO Ha CHOTBETHUTE KOMIIOHEHTH. B cranmapra e mpezicrtaBeH
MOJIXOJT 33 OMpEJeNITHEe Ha HeoOXoauMus Kiac Ha nocteinHocT Ha JI11, 6asupan Ha onepaTuBHHUTE
M3UCKBaHUS M HeoOXxoaumara omepaTuBHa gocTbrmHOCT. BICSI mmaT mpereHuuu, 4e TEXHHAT
CTaH/IApPT MPEBB3XOXKIAA OCTAHAIUTE, 3aIIOTO: CIYXKH KAaTO PHKOBOJCTBO W JaBa MPEHOPHKU;
ocurypsiBa 100pu MpakTUKU, KOUTO B HIKOM CIIydyau ca MO-CTPOTH OT M3UCKBAHMSITA HA JAPYTUTE
CTaHJIApPTH, 3acsira BBIPOCH, KOWTO Ca WM TMOBBPXHOCTHO pa3rjie/iaHd, WIH BHOOIIE HE ca
pasriiejaHu B cTaHIapTUTE 3a okabensBaHe. OCHOBHM paslied B CTaHAapTa ca: IUTaHHpaHe Ha
nomereHusTa u Mmoayiuu JI11; n36op Ha OKaIus; IPOSKTUPAHE HA apXUTEKTypara; MPOSKTUPaHEe
U U3TpaXJaHEe Ha ENEeKTPUYECKUTE, MEXaHWYHU CHUCTEMH, CHCTEMUTE 3a CHUTYPHOCT,
MO’KapOU3BECTIBAHE W IMOXkaporaceHe, BMS; mpoekTupane W u3rpakjaHe Ha KOMYHHUKAIIMUTE U
UTUC,; ynpasnenuero u noaapsbxkara Ha J{Ll; HanexxanoctTa Ha L.

BICSI 002 nedunupa ner kmaca /111 ciopen HuBoto Ha gocTeiHOCT (availability) [29]: kiac
0 (Class-0); kimac 1 (Class-1);kmac 2 (Class-2);xmac 3 (Class-3) u kiac 4 (Class-4).

BbBenenu ca mpedukcH KbM KiacoBeTe 3a pasiauuHute THroBe cuctemu: Class FX — 3a
crpaguTe (eJIeKTpudeckuTe U Mexanuunu cuctemu); Class Cx — 3a kabGemuure Tpacera; Class Nx —
3a MpekoBarta nHppacTpykrypa; Class Sx —3a o6paboTkara Ha naHHH U cTOpHUK cuctemute; Class
AX — 3a IpUITOKEHUSATA.

Haunurie ca u peauna chirbTeTBany cranaapty, karo EN50173-5, NFRA Standard, ASHRAE
Standard, TIA-568, ISO/IEC 11801 u apyrd, KOMTO c€ OTHACAT 10 H3TPaKAAHETO HA OTIACTHU
CUCTeMH, KOWTO ca Hem3MeHHa dvact Ha JIII, kaTto kaOelHUTE CHUCTEMH, EJIEKTPUICCKOTO
3axpaHBaHe, KIMMaTH3alusITa ¥ T.H., KaKTO W CTaHJApTH Ha HAIMOHAIHM OpTaHMU3allluHd 3a
n3pab0TBaHE HA CTAHJAPTH, KOUTO Ca MPEBENIM W/ aJanTHPATN HIKOH OT OIMHMCAHUTE IO-TOPEe
cTaHJapTH. AMepuKaHCKUTe MHCTUTYTH American National Standards Institute (ANSI) u Uptime
Institute umaT Bojsemo 3HaueHue 3a kinacudukanuara Ha L1, a Uptime Institute e ocHoBomONIarai
P CePTUPHUIHPAHETO UM.

3. Tunose UTHUC, nepunnpanu B crangaprure 3a /IL, cnopex HuBoTo Ha
Pe3epBHPAHOCT U OTKA30yCTOMYHBOCT

Knacupukauuure Ha cranpaptute 3a TunoBeTe HHPpacTpykTypa Ha /Il ca m3paborenu
CTOpe]] CTeNeHTa Ha pPEe3epPBHUPAHOCT HA KOMIIOHEHTUTE W BB3MOXKHOCTTA 33 €IHOBPEMEHHA
nojaapbxKa u ekcruioaraus Ha JIL1. Te ce oTHacsAT 3a Bcuuku koMrnoHeHTH Ha J[LI: kinnmaTtuzanus,
BEHTHJIAIMS, €. 3aXpaHBaHe, KOMYHUKAllMM, MOHUTOPUHT U T.H. BaxkHo € na ce orbenexu, e ce
OTYHTA YCTOWYMBOCTTA HA OTKA3W HAa BCUYKH OTIEPATUBHU M crioMarareiHu nporecu B JIL1.

OCHOBHUTE XapaKTepUCTUKH Ha BCSKa €JHA OT HHPPACTPYKTYpUTE ca:

Ba3zoBara undpacrpykrypa 3a 11 (Tier I, Rated 1) e npeanazHaueHa 3a Majikus OU3HEC.
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OCHOBHH XapaKTepUCTUKH: HAMA pe3epBHpPAHM KOMIIOHEHTH; HSIMa pE3CpBUPAHM TpaceTra
(distribution path) 3a unpopmanms u en. 3axpaHBaHe; €IUHUYHO €. 3aXpaHBaHE; IOBpenaTa Ha
BCEKH €IMH KOMIIOHEHT BiHse Ha pabortara Ha J[L; mimaHupaHuTe NEHHOCTH M3MCKBAT MOBEYETO
WIM BCUYKU KoMmroHeHTH Ha /1] ma ObAaT M3KIIOYEHHU; YS3BUM INPH M3MBIHCHHE HA IJIAHUPAHU
WIN HEIUIAaHUPAaHW CHOWTHS; 32 M3BBPIIBAHE HA TOMUINHA NMPOQMIAKTHKA TEXHHKara TpsiOBa aa
ObJic U3KITI0UEHA; OTIEPATUBHU I'PEIIKH Ha ONEPaTOPUTE MM HEMPEABUICHH OTKA3U ca MpHYMHA 32
crimpane paborara Ha J[L; HepenoBHaTa mpouIakTHKa yBeIU4YaBa PUCKa OT HETIAHUPAHH OTKA3H.

HNudpacrpykrypa na ALl ¢ uncraaupanu pedepBHu kommonentu (Tier Il,Rated 1),
IpeJHa3HaueHa 3a CpeiHus OM3HEC, KbETO OM3HEC MPOLIECHTE CE TIOI3BAT OHJIAIH Mpe3 pabOTHOTO
Bpeme. [IpuemnuBu ca mHTEepBanM OT Bpeme, mpe3 kouto /L[ e Hemocrwmen. He e mpuemimBo
obade, 1a ©Ma 3ary0a Ha JIaHHHU.

OCHOBHU H3MCKBaHMS: MMa PE3E€pPBHPAHM KOMIIOHEHTH, HO T€ C€ BKJIOYBAaT B paboTa Ha
MSICTOTO Ha Je(eKTUpaId KOMIOHEHTH ChC CHIIOTO MpeIHA3HAYCHUE; HAUIIC € CaMO €JHO Tpace
3a uH(opManus u €. 3aXpaHBaHe; HEOOXOIMMO € Ja Ce MOIAbpKa TOPUBO, OCUT'YpsBaIlo paboTaTa
Ha reHeparopa B MPOAbIDKCHUE Ha 12 dYaca; IUIaHUPAaHOTO M3BEXKIAHE HA aKTHBEH KOMIIOHEHT OT
eKCIIIoaTalys He BOJM 10 NMPEKbCBaHE Ha paboTaTa; M3BEXKIAHETO OT eKCIUIoaTalys Ha KaHal 3a
pasmpenensHe Ha HHGOpMaLUATa, 32 TEXHUYECKA MPOPUIAKTHKA HIIM 0 JPyra MPUYMHA, U3UCKBA
crimpaHeTo Ha paborara Ha J{L]; mOCTOSHHO MHCTaNMpaHaTa H3UUCIUTEIHA MOIIHOCT € I0CTaTh4Ha
3a yIOBJCTBOPSIBAaHE HA HYXKIUTE, Taka 4Ye H3BOKAAHETO OT CKCIUIOATAlUsl Ha pEe3CpPBHHUTE
KOMIIOHEHTH Ja He Hapymasa paborata Ha /JIIl mnm na yBennvaBa HartoBapBaneto Ha UT
cCHCTeMaTa; YsA3BUM NpU IUIAHUPAHM WIM HEIUIAHUPAHW CHOWTHS; pas3moyara ¢ eIMHUYHO
3axpaHBaHe, HO ce u3uckBa Hanumuue Ha UPS u reHeparop; M3MCKBa ce HAIMYHE HA JBOEH MO, 3a
M3BBPIIBAHE HA FOJUIIHA TPOPUIAKTHKA TEXHUKATA TPsAOBA 1a Obje u3KioueHa. [Ipu u3BbpiBaHe
Ha poHIIaKTHKA Ce yBEINYaBa PUCKa 3a IIPEKbCBaHE Ha padoTara.

Cnenpamure nBe apxutekrypu Ha JII[ ymoBieTBOpsBaT W3UCKBaHUATA Ha (QUPMH,
OOMKHOBEHO CBBP3aHH C CJIICKTPOHHA THPTOBHSA, (PMHAHCOBH YCIYTH U JPYT'H OHJAWH TPaH3aKIHH,
YUUTO OM3HEC U3UCKBAT JOCTHIIHOCT 24x365.

Apxutektypa Ha /IIl ¢ pezepBHa nunppacTpykrypa (Concurrently Maintainable — Tier
I11,Rated 3).

OCHOBHM M3MCKBaHMsL: TyOJIMpaHe Ha BCHUKU KOMIIOHEHTH M TpaceTaTa 3a HH(OpMaIMs U ell.
3axpaHBaHe. 3a HopMaiHa pabora Ha /1] e HeoOXoaMMO Ja ce U3MOJ3Ba CaMO €IHO OT TPaceTara;
Bcsiko eqHo UT obopynBaHe e ¢ ABa 3axpaHBally OJOKa M € BKIIOYEHO MO TaKbB HAuWH, Y€ J1a
OCUTYpPH CHBMECTHMOCT C TONOJIOTHSTAa Ha MH(PACTPyKTypaTa; HEoOXOIUMO € Ja ce MOAAbpKa
TrOpUBO, OCHTIypsiBallo paboTara Ha TeHeparopa B MNpOIbIDKEHHE Ha 12 daca; pe3epBHHUTE
KOMIIOHEHTH o00pa3yBaT pe3epBHa cuctema. lIpu nedextupaHe Ha KOMIOHEHT OT paboremiara
cucrema, paboTara 1o ooOpaboTKaTa Ha JaHHUTE C€ MPEXBBPIA KbM pe3epBHATA CUCTEMA, T.€. CaMO
€/1Ha OT JIBeTe€ CUCTEMHU paboTH B JaJIecH MOMEHT OT BpeMe; BCEKU €IUH KOMIIOHEHT MOXe Jia Oblie
IpeMaxHaT MpH IJIaHUpaHa omeparys, 0e3 ToBa Ja HapylM paboTaTa Ha CHCTEMAara; MOCTOSHHO
MHCTaJIMpaHaTa W3YMCIUTEIHA MOIIHOCT € JOCTaTh4yHA 32 YIOBJIETBOPSIBAHE HAa HYXKJUTE, Taka 4ye
M3BEX/IaHETO OT eKCIUIoaTallisl Ha pe3epBHUTE KOMIIOHEHTH Jla He HapymaBa paborata Ha JL] nnn
Ja yBenuvaBa HartoBapBaHeTo Ha MT cucremara; ys3BUMa NpHU HEIUIAHUPAHHW JACMHOCTH; BCEKH
€IMH OT KOMIIOHEHTUTEe MOXe Ja ObJe M3KIIOUeH 3a IJIaHupaHa mnpoduiakTuka, 0e3 ToBa Ja ce
oTtpa3u Ha HatoBapBaHeTro Ha UT cucremara. [lo Bpeme Ha mutanupanara npoduiakTuka padorara
ce MPEeXBbPJISI KbM pe3epBHATA CUCTEMa; MPU M3BBPIIBAHE Ha MPO(QUIAKTHKA Ce yBEIUYaBa pUCKa
3a MpeKbCBaHE Ha paboTaTa; TPEIIKH B ONEpallMUTe WIM CIy4alHM OTKa3M MOrar Ja MPUYHUHST
HapymaBaHe Ha paboTara Ha [I11.

Orka3oycroiiunBa (Fault Tolerance) apxutexrypa na AL (Tier 1V, Rated 3).
OcnoBuu m3uckBanus: J{L] e oOopynBaH ¢ HSKOJIKO HE3aBUCUMH M (DH3MUYECKH H30JHPAHU
CHCTEMH, KOHWTO Ca H3TPaJIcHH 4pe3 pe3epBHpaHe Ha OO0OpYABAaHETO W HSIKOJIKO HE3aBUCHMH
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Tpaceta; msuioto UT obopynBaHe € ¢ ABOMHO 3axpaHBaHE M € WHCTAIMPAHO Taka, 4ye Ja Obie
CBhBMECTEHO ¢ Tomosiorusta Ha JI11; cuctemure, KOUTO ce pe3epBUpPAT €aHA ApYyra, TpsOBa 1a ObaaT
(Gbu3nyuecKd H30JMpaHU €lHa OT JApyra, 3a Ja HE MOXKE €IHO ChbOUTHE Ja MOBIMSIEC Ha JBETE
€IHOBPEMEHHO; 3a/IbJDKUTEITHO € OCUTYPSIBAHETO HA HEMPEKbCHATO OXJIAKJaHe; He0OX0AUMO € Ja
ce MOAABbp)Ka TOPHBO, OCHUrypsBallo paboTara Ha TeHepaTopa B MpoAbDKeHHE Ha 12 yaca;
uH(ppacTpyKTypaTa € yCTOWYMBA HA €IUHUYHU CIYYallHH OTKa3W, CHCTeMaTa 3a yIpaBJICHHE Ha
uH(ppacTpyKTypaTa pearupa aBTOMaTHYHO Ha OTKa3, Taka 4e paboTara Ha CUCTEMHUTE J1a MPOIbIIKU
0e3 MpeKbCcBaHe; BCEKH €JMH KOMIOHEHT TpsiOBa /1a MOXe IJIaHUpaHo J1a Obe mpeMaxHaTt, 0e3 ToBa
Jla Hapylu paboTara Ha CHCTEMaTa; KOraro KOMIOHEHT ObJie M3BEJEH OT EKCILIoaTalus, TOBa He
TpsOBa J1a ce oTpa3siBa Ha paboTocrnocoOHOCTTa U HaToBapBaHeTo Ha UT cucremara; HeruiaHUpaH
OTKa3 HE BOJAM JIO HapyllaBaHe Ha paboTaTa Ha CHUCTEMHTE; HE € Ys3BUM IPH HM3BBLPIIBAHE Ha
IUTAaHUPAHU JIEWHOCTH; MPU U3BBPIIBaHE Ha MPO(pUIAKTHKAa PUCKBT 3a MpEeKbCBaHE Ha paborara
MOJKE J]a C€ YBEJIMYM; 33JCCTBAHETO HA CUCTEMHTE 3a MOYKAPOHM3BECTABAHE, MOXKAPOTACCHE WU
aBapUITHOTO M3KJIIOYBAHE Ha eJIeKTPO3aXpaHBAHETO MOTaT Jia AOBEJaT 10 HapyllaBaHe Ha paboTaTa
Ha JII1.

Harnegna wimrocTpanus 3a  pasnuuuara  Mexnay HuBata Ha JIL, oTHeceHO KbM
KOMYHHUKAI[HOHHATa HHPpacTpykTypa, criopeq ANSI/TIA-942-A e nokazana Ha ¢ur. 2[4].

Bpbaka C BbHWeH Bpu3ka C BbHWEH Bpb3ka € BbHWEH Bpb3ka C BbHWeH
AOCTaBYKK JLOCTaBYMK AOCTaBUMK AOCTaBYUK

1 1

MomelleHWA 3a NocpellaHe _ _ __| Nomewenus 3a nocpeware
Ha BbHLUEH NepcoHan /1 Ha BBbHLUEH NepcoHan
~ 7 1
/N |
7 N
InaeHa pasnpegenvtenHa [nasHa pasnpegenurtenHa
30Ha (MDA) 3oHa (MDA)
T Ny
> !
I s N !
MesxanHHa 4 ~ MexauHHa
pa3npeaenuTtenHa soHa (IDA) [\ pasnpeaenutenHa 3oHa (IDA)
! b 'Y g :
| /7 N\ |
Xopw3oHTanHa V4 N XopusoHTanHa
pasnpeaenuTenHa 3oHa pasnpeaenqTenHa 3oHa
(HDA) (HDA)
7
7
Ve
30ma 3a pasnpegenerve Ha |~ Rated 1 — — Rated 3
obopyaegaxeto (EDA) — : = Rated2 —— —— Rated4

@ur. 2. Pe3epBupaHOCT HA KOMYHUKAIIMOHHUTE TpaceTa

OcHOBHa XapaKTEPUCTHKA 32 U3MEPBaHE HA KAUeCTBOTO Ha yCIayrurte, Kouto ocurypssa JI11, e
HeroBata mpocterHOCT [3], [24], [30], [31]. BbB BCHUKH AOTOBOPH, KOUTO CE€ CKIOYBAT IPH
Haemane Ha yciayru ot Il (Service level Agreement - SLA), karo mokaszaTesn 3a HMBOTO Ha
ycnyrute, purypupa yucio B mpoueHTd (Hampumep 99.9%), koeto aeduHUpa AOCTHIIHOCTTA HA
ycinyruTe Ha roguiiHa 6a3za. ToBa uucio ce cBbp3Ba ¢ HUBOTO Ha J[Il cropen knacuduxanusra,
W3MON3BaHa OT cTaHaapra, nmo koirto e ceprudunupan /L. B te3m moroBopu ce omucmar u
KPUTEPUUTE, 1O KOUTO CE€ OIEHSBAa KAYeCTBOTO Ha YCIYTHUTE, KAaKTO M HEYCTOWKHUTE, KOUTO CE
IBIKAT MPU HEU3ITBIHCHUETO Ha Te3W Kputepuu. He3aBHCHMO OT TOBa MMa CIEIUATHCTH, KOUTO
TBBP/IAT, Y€ JOCTHITHOCTTA HE € mpaBuiHaTa Metpuka. Cropex Musp [31], mocTeiHoctTa Ha J{L] €
MOJIBEXKAIla METPUKA, 3aII0TO B JACHCTBUTEIHOCT € BaXXHO Ja ce ocurypu paborata na UTHUC Ha
¢upMata WM Ha KJIMEHTHTE, a HE camo elekTpuueckoro 3axpanHBaHe Ha J[II. OcHoBanme 3a
OCIIOPBAHETO Ha KJIaCH(DUKAIIMHUTE TI0 TO3U KPUTEPHUI ca pa3ChKISHUsATa BbPXY TOBA, Y€ MPU €THO
M CBITIIO CyMapHO BpeMe 3a HenocThIHOCT Ha J[L1, BpemeTo 3a Bp3cranoBsBaneTo (MTTR) my Moxe
na Opne paznuuHo. Hampumep: a) mma mpekbcBaHE Ha €NEKTPHUecKOTo 3axpanBane Ha JIII 3a 5
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MUHYTH; 0) UMa TPEKhCBAaHE Ha EJIEKTpHUecKoTo 3axpaHBaHe 10 mbtu mo 30 CeKyHIU, KOETO
cymapHO nak ¢ 5 munytu. EnHakBo i 1ie Obe Bpemero 3a Bb3craHoBsiBane? [31]. OTroBopsT Ha
TO3U BBIPOC HE € €HO3HAYEH, 3al[0TO 3aBUCH OT KoHKpeTHaTa UT uHppacTpykTypa U npuHIUNa
Ha pabora Ha npwioxkautre MC, HO Oa3upaiiku ce Ha OomMTa OT MPAKTHKATa B MOBEYETO CIydau
BPEMETO 32 BH3CTAHOBSIBAHE BBB BTOpHUsA Cllyyail Ie ObJie MHOTO Mmo-rojisiMo. ToBa o3HayaBa, 4e
ako mocterHocTTa Ha J[I] ce rapanTupa Ha 6azara Ha TOpHUTE TAOIUIM, HMA TOJSMA BEPOSTHOCT
Jla ce HaIpaBH IpelIKa.

4, 3akioueHue

[Ipoextupanero Ha JII| wm3uckBa n00pu 3HAHMSA B pa3IWYHM OOJNACTH HA HayKara:
KOMYHUKAIliM, CBHPBBbPHA TEXHUKA, €JIEKTPUYECTBO, KIMMATH3alUs W BEHTWIAMS M T.H.
W3uckBaHusATa HA CTAHJAPTUTE U JOOPUTE MPAKTUKU Ca OMMCAHU HAKPATKO MO-TOPE, a PEe3yNTaThT
OT CpPaBHCHHETO IO pa3JIMYHU KpUTEpUM € JjgaaeHo B Tabmuma 1, oO3HaUYeHWETO Ha
UHPPACTPYKTYPUTE, CIIOPE PA3IUIHUATE CTAaHAAPTH, € AajeHo B Tabuuna 2.

Tabauua 1. CpaBuenue Ha crangaptute 3a J11
ANSI/BICSI TIA-942-A 1ISO24764 EN-50600-X  Uptime

002 (2014) (2014) (2010) (2014) TS (2014)

N360p Ha MsCTO X UHQOPMATHBHO - X X
Pazmpenenenue Ha TUIOIIUTE X X - X X
ApXHUTEKTypa u CTPYKTypa X “H()OPMATHBHO - X -
Enexrpudecka cucrema X “H()OPMATHBHO - X X
MexaHUYHH CUCTEMU X UH(QOPMATHBHO = X =
Ioxxapna 3amuTa X Hpyr cranmapt = X =
Cucremu 3a CHTYpHOCT X - - X -
BMS X - - X -
KxomyHukarmu X X X X X
WudopmanmonHn X ) i X X
TEXHOJIOTHH

BbBexmane B ekcriioaTarys X - - X -
IMopnprxka X - - X X
ITepconan - - - - X
[Ipoextupane WHPOPMATHBHO = X =
Bbe3oTka3zHOCT U TOCTHITHOCT ~ MH(OPMATHBHO = X X

Taoauua 2. O3HaueHue Ha HHQPACTPYKTYpUTE

ANSI/BICSI 002  TIA-942-A  EN-50600-X  Uptime TS

bazosa UTUC Class 0/1 Rated 1 Class 1 Tier |

NTUC ¢ pesepBupane Class 2 Rated 2 Class 2 Tier Il
UTHUC c enHOBpeMeHHA MOAIPHKKA Class 3 Rated 3 Class 3 Tier 11
OtkazoycroitunBa UTUC Class 4 Rated 4 Class 4 Tier IV

B pesynrar Ha aHanu3a Moxe 1a ce HanpaBu u3Bon, ue camo EN 50600-X uANSI/BICSI 002
pas3riexaaT BCHYKH acleKTH Ha MPOCKTHPAHETO, BHEAPSIBAHETO W MOJApbkkaTa. EnuacrBeno EN
50600-X ompexnenss MUHUMaITHUTE M3KCKBaHUs 3a npoektupane, Ho ANSI/BICSI 002 npenocrass
Hal-u34eprnaTesiHa nH(opMalrs, KOATO MOXKE Ja C€ U3MO0J3Ba KaTo MPENOPbKU U JOOPH MPAKTUKH.
I Tpsi6Ba na 6bAAT cTaHAAPTU3UPAHH U cepTUdHUIpaH. ToBa moMara Ha 3aMHTEPECOBAHUTE /1A
HaMepsT MPaBUIIHUS OTTOBOP Ha MHOTO BBIIPOCH, Hampumep: kakbB tum Il 6u3zHec monmen na ce
u3bepe, koJko napu aa uaBectupa B L1, kak ga uzbepe nmoaxosm qoctaBunk Ha J(L{ v T.H.
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METO/IUKA 3A OCUT'YPSIBAHE HA BUCOKA HAJIEXKTHOCT
HA JEWTA HEHTBHP

Pocen C. PangxoB

Pe3iome: JleiiTa meHTpOBETE OCUTYpsIBaT paboTara Ha OW3HEC MPOLECUTE B OpraHu3auuTe u ¢pupmure. B
pe3yNTaT Ha TAXHATa PadoTa TpakIaHUTE U (PUPMUTE TIOJTyYaBaT Bb3MOXKHOCT Jia U3IOJI3BAT MPHIIOKEHUSATA,
M3IOJI3BaHU OT CHOTBETCH OM3HEC MPOIEC M YCIYTUTE, KOMTO Ce TeHepupar OT Hero. BaxkHO yclioBue 3a
MPEeIOCTaBsIHE Ha KaYECTBEHH YCIYTH € OCHUTYpPSBAaHETO Ha BHCOKa HAJSKIHOCT Ha JeiTa IeHThpa. Taszm
CTaTUsl aHAJIW3Mpa PEIICHUATA 32 Ch3JlaBaHEe HAa BUCOKA HANCKIHOCT W Mpeajara METOJUKa 3a HEHMHOTO
OCHUTypsIBaHe.

KaiouoBu aAymMu: 10CTBITHOCT, O€30TKA3HOCT, JIEHTa IIEHTHD, Bb3CTAHOBSIBaHE HA OM3HEcCa, HETPEKHCHATOCT
Ha Om3Heca

HIGH RELIABILITY DATA CENTER METHODOLOGY
Rosen S. Radkov

Abstract: Data Centers provide business processes in organizations and companies. As a result citizens and
companies are given the opportunity to use the applications used by the relevant business process and the
services that are generated by it. An important condition for providing high-quality services is the high
availability of the data center. This article analyzes the solutions for creating high reliability and offers a
methodology for its provision.

Keywords: Availability, reliability, data center, disaster recovery, business continuity

1. BnBeaenne

Heiita nentposere (/L) ca Baxken komnoneHT Ha WT wundpactpykrypara (UTUC) Ha
opranusanuure u pupmure. CbBpeMEHHUTE U3UCKBAaHUS KbM TAX ca Jla ObJaT Ha pasnosioxenue 24
yaca B JIEHOHOIIMETO U 365 IHM B rOJMHATA, KAKTO M Ja UMAaT BUCOKU IPOU3BOAMUTEIHOCT U
JOCTBITHOCT. Y JIOBJIETBOPSIBAHETO HA T€3M M3UCKBAHMSI HE C€ rapaHTUpa camMoO OT M3MOJI3BAHETO Ha
BHCOKOKayecTBeHO oOopyaBaHe. OpraHuzauuute U (QupMHTE BCe IIOBEYEe OCh3HABaT, Ye
U3MOI3BaHeTO Ha curypeH W HajexneH JLI, xoifto ma paGotu edexkTHBHO, ce MpeBpblIa B
IIPEIMMCTBO NpeJ TEXHUTE KOHKYPEHTH. BHCOKOTO KauecTBO Ha yciayrute, npeaocrassHu ot 11,
3aBHCH HE CaMO OT HeroBaTa HaJeXJHOCT, a U OT MpaBWJIHATA My eKcIiuioarauus. Ts TpsOBa na e
MOTYMHEHA Ha MEXAYHAPOIHUTE NMPAaBHU HOPMH, U3UCKBAHUATA 32 CUTYPHOCT Ha HH(pOpMAIUATa U
Ha CelM(PUYHNTE U3UCKBAHNS Ha KOMIIAHUITA.

B Hacrosmus MOMEHT ChHIIECTBYBAT MHOMKECTBO CTaHIAApTH M J0OpPH TPaKTHKH 3a
MpoeKkTupane u u3rpaxjaane Ha /{1 wim yactu ot HeroBara HHQPACTPYKTypa, HO JINTICBA METO/IMKA,
KOSITO J1a ONHWCBAa ACUCTBUATA M JEHHOCTHTE, KOMTO € HEeoOXOAMMO J1a ce M3BBbpIIAT, 3a Ja ce
OCHUTYPH BUCOKO Hajek IeH jaeira nentsp (BH/LL). 3amauata Ha Ta3u cTatud € J1a AepuHApa METOIUKA
3a OCUT'YpsIBaHE Ha BUCOKA HAJIEXKIHOCT Ha JENTa LEHTHP.

2. AHAJIM3 HA pellleHUATA 3a cb3aaBane Ha BH/ILL

3a yHOBJIETBOpSIBAHE HAa HW3HCKBAaHUSATA 32 HEMPEKHCBAEMOCT HAa OHW3HEC MPOIECUTE B
OpraHu3aIuuTe € Heo0XoauMo fa ce mirpaau BucokoHaaexknauna UTHUC, kosTo ma 3ama3Ba cBosita
yCTOMYMBOCT Ha (DYHKIIMOHUpPAHE B YCIOBHATAa Ha cpeda ¢ aecradmmmsupaintu daxtopu (D).
PGHIGHI/ISITa, KOUTO CC an/maraT, Cca HACOYCHU KbM OCI/IprHBaHe Ha:
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- HempekbcHAaTOCT Ha (ynkmuonupanero Ha WTUC, T.e. pemieHus, ocurypsBaiiu
ycroitunBocT Ha 6eactaue (disaster tolerance);

- Bb3CTaHOBsBaHE Ha (QyHknuonmpanero ©Ha MUWTHUC, T.e. pemeHus, ocurypspaiu
BB3CTAHOBsIBaHE Ha paborata cnex OeicrBue (disaster recovery).

OcurypsiBaneto Ha Bucoka HagexaHocT Ha WMTHUC ce ocwliecTBsiBa HE camMo 4pe3
M3TPAaXIAHETO M C BHCOKOHAACKIHU XapAyepHU U COMTYEepHH CPEICTBA, a € ChBKYHMHOCT OT
ChbBMECTHOTO JICIICTBHE Ha MHOKECTBO KOMITOHEHTH:

- TEXHUYECKH CPEJICTBA;

- UH)KEHEPHHU PEeILICHUS;

- puHAHCOBU CPECTBA;

- uH(pOopMaIs;

- IEpCOHAT;

- ”HQPACTPYKTypa U OKOJHA CPEa;

- yIpaBJieHUE.

Cnopen n00puTe CBETOBHHM TNpAKTHKH M MexayHaponxHus cranmapt 1SO27001 [1], [2],
ocurypsiBaneto Ha Bucoka HajexaHocT Ha UTHUC u curypHocT Ha nHGopMaIsaTa He ca Bb3MOXKHU
0e3 moJKperna OT PbKOBOJICTBOTO Ha ChOTBETHATA opranm3anus. [lonkpenara ce u3passBa HE CaMo
B OCHUTypsIBaHETO Ha (PMHAHCOBU CPEICTBA 3a M3TpaxkaaHeTo U mogapbxkara Ha UTUC, Ho u B
Ne(UHUPAHETO, PA3MPOCTPAHCHUETO W YTBBPXKIAaBaHETO Ha mpaBmwiata 3a pabora ¢ UTHUC u
nH(popMaLKATa, KAKTO U B OCUTYpsIBaHE HAa KOMIIETEHTHOCT Ha MIEpCcoHaIa.

B 3aBUCMMOCT OT KOHKPETHUTE OCOOCHOCTH M M3UCKBAHUS HA OpraHU3aIlMATA, ChCTaBBT Ha
NTHUC moxe chIIECTBEHO J1a ce paznuyaBa. [lpu opranusanuu, KOUTO UMaT MHOXECTBO OOEKTH
(caiiToBe), € BB3MOXKHO J1a ObJic HAlPaBEHO PA3MpEeIICHUE Ha W3YUCITUTEITHUTE PECYPCH W/WITU
opranusupane Ha pesepBHu UTUC oT Tum cTyAeH, TONBJI WA TOpEI Pe3epB, H3MOI3BANKH
COOCTBEHM WJIM HaeTH TOMeIleHus. B ciyuaii 4e opraHm3amusara € pasloiokeHa Ha enHa
wiomaaka, To pesepsHa UTUC moxe na 6bae peanu3upana ype3 HaeMaHE Ha IUIOLI, 000pyaBaHE
i uHppacTpykTypa.

IIpoexTupaHeTo Ha pelIeHue, KOETo Ja 0Troapsi Ha uanuckBanusara 3a BHJILI, e cBbp3aHo ¢
nepuHUpaHe Ha CTOMHOCTHTE Ha cieaHute aBa nokaszarens: RTO (Recovery Time Objective) u
RPO (Recovery Point Objective) [3]-[7]. C RTO ce nedunupa BpeMeTo, HEOOXOAUMO 3a MBIHOTO
BB3CTaHOBsIBaHE Ha pabotata Ha [ cnen aBapus (OeacTBUE, HHIIUIEHT), OTYUTAHO OT MOMEHTA Ha
HacTbnBaHe Ha chOuTHETO. C RPO — MHTEpBanbT OT Bpeme mpenu OeIcTBUETO, MpUET OT Ou3Heca
KaTo JIOMYCTUM, 32 KOMTO Iie Obaat 3aryoenu nanuure (¢purypa 1).

RPO RTO

®@ur. 1. I'padpuuno npencrassae Ha RPO u RTO

CwraacHo Hskou auteparypHu u3tounuiy [8]-[11], HeoOX0AMMOTO HUBO 32 BH3CTAHOBSIBAHE
na UTUC moxe na Obae ompenaeneHo Ha 0OazaTa Ha MaTpuiia Ha choTrBercTBHETO (Tabswmma 1)
MeXay HeoOX0IMMOTO HUBO Ha yCTOMYMBOCT Ha OusHec mnpoiueca (bI1) u npunoxenusTa, KOUTO TO
peaym3upar. HUBOTO Ha yCTOHYHMBOCT MOXe Ja ObJie ONMpPENeICHO ¢ TOMOINTa Ha MaTpulla Ha
CHhOTBETCTBHE Ha HEOOXOIMMOTO HUBO Ha Bb3cTaHoBUMOCT (Tabuuia 2).
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Tab6umuna 1. Matpuna Ha CbOTBETCTBUE Ha HUBOTO Ha ycToWuuBocT Ha J|D

[Ipunoxenune Ilpunoxenune Ilpumoxenune ... [Tpunoxenue
BIT 1 Huso 3 Huso 3 Huso1l ... Huso 1
BIT 2 Hugo 1 Huso 1 Huso1l ... Huso 2
BII m Huso 4 Huso 2 HuBol ... Huso 2
Heo0xomuMo HUBO Huso 4 Huso 3 Huso 1 Huso 2

Tabauna 2. Marpuiia Ha CbOTBETCTBHE 32 OIpeIeisaHe Ha HE00OX0UMOTO HUBO Ha BH3CTAHOBUMOCT

RTO
Tl <1 u. Tl <4 y. T1 <48 u. T1 <5 nuun
P1 <15 mun.
Mpumep:
Pl<4uy. DNS
N P <24
Pl>24 4. Mpumep: AD

B Tabnuma 2 ¢ch0TBETHHUTE HUBA ca KOJWpaHU 1BeTOBO (1 - opaHkeB, 2 - CHH, 3 - IWJIaB U 4 -
3€JICH).

[Ipumaranero Ha pewenus 3a BH/IL[ mo3BonsiBa He camo Aa ce HaMalAT BpEMEHAra Ha
HepaboTocrocoOHOocT M 3a Bb3cTaHoBsBaHe Ha WTHUC, HO m ga ce HamansaTr 3aryourte Ha
nHpopManus 1 GUHAHCOBHUTE IIETH.

Ta3u MUHMMU3AIMA MOXKE J1a C€ MOCTUTHE, aKO NMPEABAPUTEIIHO, T.€. IPEAM Ja € HACTHIIUIO
cbOUTHETO (MHIMIEHTA, O€CTBUETO), Ca U3BHPILECHU CICTHUTE IEHCTBUS:

- uzrpagex e BH/LI;

- pazpaboteH e ,,[1nan 3a Bp3cTanoBsBane cien 6encreue” (IIBB);

- 00y4eH e MepCOHAIBT 3a u3nbjiHeHue Ha [1Bb;

- PETYyJISIpHO ce MPOBEX AT TPEHUPOBKH HA CLIEHAPUUTE, KOUTO ca 3anucanu B [IBb;

- aHAJIM3UPAHU Ca PE3yJITaTUTE OT MPOBEACHUTE TPCHUPOBKHU U Ca HAIPABEHU HEOOX OJMMUTE
kopekuuu B I1Bb.

Boeexxnanero na BH/IL[ moxke nma Obie pasrienaHo OT TJIeHA TOYKA HA CUTYPHOCT Ha
unpopmanusara (CH), a cpiio u ot rexuuko-ukonomudecka (TH) crpana. Ot rnegna Touka va CU
TOBa O3HayaBa Jia ce:

- HalpaBM OLIEHKA Ha pHcKa 3a BausHUETO Ha JID Ha okonHaTa cpeda U Aa ce B3eMaT MEpPKH
3a HErOBOTO HaMaJIsiIBaHE;

- HaMaJIi BEpOSTHOCTTA OT 3aryda Ha JaHHH,

- 3aIUTH UHPOPMAITUATA U KPUTUIHUTE PECYPCH OT TTOTUBAHE;

- OCUTYpPH LSJIOCTHOCT, KOH(UICHIIMATHOCT U HAIMYHOCT Ha HH(OpMALIUATA;

- ocurypu gocteiHoctta Ha UTUC.

Ot TU raegna Touka BbBexaanero Ha BH/IL o3HavaBa na ce:

- MUHUMHU3HUPAT METUTE BHPXY TEXHUKATA U TIOMEIICHUSITa OT OC/ICTBHE;

- MUHUMH3UPAT (PUHAHCOBUTE 3aryou;

- MUHUMH3HPA 3arydata Ha penyTarus;

- peanu3upa aNTepPHATUBEH HAYMH 32 MPEIOCTaBIHE HA YCIYTUTE KbM KIIMEHTA.
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Ananmu3 Ha JWTeparypaTa IIOKa3Ba, Y€ Hal-pa3slpOCTPAHCHHTE TEXHHYECKH PEIICHHUS

BKJIIOYBAT ciieqHuTe enementu [12]-[25]:

- KIIbCTEPH;

- arapaTeH U3JHUIIBK;
- pe3epBHu JLI;

- CUCTEMH 32 ChbXpaHCHHE Ha JJAaHHU;
- CHCTEMH 3a pe3epBHU KONHS Ha HHPOPMAIHATA,
- CUCTEMH 32 PeIUIMKalus Ha HH(POPMAIIHATA;

- BUpTyalIn3amys;
- peurenus, 6a3upaHu Ha 0OJAYHH TEXHOJIOTHH.

OCHOBHUTE UM XapaKTEPUCTUKHU ca IpeacTaBeHu B Tabmuia 3.

Tabauna 3. XapakTepUCTHKH Ha perIeHus npuiaranid BB BH/LL

KnbcTepu

AnapareH
U3JIUIIBK

Pezepsan 111

Cucremu 3a
ChbXpaHEHHE HA
JaHHA

Cucremu 3a
pe3epBHUpaHe Ha
nHpopmanusra
(Backup)

Cucremu 3a
peruIMKipane Ha

Omnucanne

I'pyna oT koMIIOTpHU, KOUTO ca
CBBP3aHHU OMEXIY CH U (yHK-
LMOHMPAT KaTo e/Ha eIMHULA 3a
o0pabotka Ha nHGopmanws. Ts
Ce OCBIIECTBSBA HAa PA3INIHH
HUBa Ha cucremara. Konkoto
MmoBeYe HUBa 00XBaIa
TEXHOJIOTHATA, TOJIKOBA IO~
HaJeXICH, Mallla-Oupyem u
YIIPaBIIseM € KITbCTepa.

BxitouBaHe Ha pe3epBHI
KOMIIOHEHTH/CHCTEMH B
CTPYKTypaTa C LieJ1 MOBHIIaBaHEe
Ha HaJIeKJHOCTTA.

P/IL{ maBaT BE3MOKHOCT 3a
BB3CTAHOBSIBAHE HA YCIyTHTE
IIPY U3JIM3aHE OT CTPOSI Ha
ocHOBHUS 1IeHTHP. PJIL] Mosxe na
ObJIe U3rpajicH ¢ 000pyaBaHe,
KOETO € C

Mo-MaJIka M3YMCIuTeHa Monl. B
P11 Tpsi6Ba 1a ce HAMUpAT aK-
TyaJIHA KOTIUS Ha
WHPOPMAIHATA.

MacuBH OT JTHCKOBE, JICHTOBH
CHCTEMH, KOUTO Ca BKIFOUCHH
KbM ChPBBPHHUTE CHCTEMH.
H3non3sat ce pa3nuvHu
texHoiorun SAN, NAS, DAS u

zp.

Cucrema, KOATO OCHTYpsiBa
aBTOMATH3UPAHO Ch3JaBaHE Ha
apXUBHH M PE3E€PBHHU KOIHS HA
UH(DOPMAIUATA.

CI/ICTCMI/I, KOHUTO OocUrypsaBat
ACUHXPOHHA WX CUHXPOHHA
PeIUIMKanusa Ha JaHHUTE.

IIpeaumcTBa

ABTOMAaTHYHO MIpeJaBaHe Ha
YIIPaBJIEHHUETO HA PECYPCUTE
IIPU OTKAa3 Ha aKTHBEH BH3eN U
BpBILaHEe 00paTHO clie]
BB3CTAaHOBSBAHETO MY.
Paznpenensine Ha
HATOBAPBAHETO MEXK/y BB3JIUTE.
MammabupyeMocT 1 npueMiInBa
IeHA.

HamaisiBa ce win ce H3KITI0OYBa
HAIThJIHO NPEKHCBAHE B
paboraTa

Ha UTUC.

ITpeneOpexuMo MaIKo BpeMe 3a
BB3CTAHOBSBAHE HA YCIyTHTE
npenocraBsHu or UTUC,
CPaBHUMO C BPEMETO 32
OTCTpaHsIBaHE HA €JUHUYEH
0TKa3. MUHUMaIHO BpeMe Ha
HEeJOCTBHITHOCT. CBBP3aHOCT KbM
WuTepHeT B Ipyra jokanusl.

MoaynaocT. BB3MOXHOCT 32
JIECHO pa3LIUpsABaHEe U JOCThIT
oT pascrosinue. HanexaHoct Ha
ChXPaHEHHETO Ha JIAaHHHUTE.
Bb3-MOKHOCTH 32 PETUTHKALHS
Ha HU-BO JTUCKOBM MACHUBH MU
TOMOBE.

Hanexx1HOCT Ha ChXpaHsSIBaHETO
Ha JaHHUTE. ABTOMaTH3UpaHe
Ha IPOLIECUTE IO Ch3/1aBAHE Ha
KOMUATA HAa HHPOPMAITHATA.
HamainsBane Ha o6ema Ha
HEOOXOAUMOTO JUCKOBO
MPOCTPAHCTBO, U3MOI3BANKU
METO/IH 32 eIy OTNKaIIHS.

yHI/IBepCHHHOCT - aKo c€ IIpaBu
Ha HUBO CTOPU/DK, TIPOLIECHT €
HE3aBHUCHUM OT OIIE€PALIMOHHUTE

Henocrarspn

Hempencka3yem xapakrep Ha
MpPEXOBUS TpahUK U KOHOIUKTH
B MpeXara, FoJIsIMO BpeMe Ha
OYaKBaHE HA ChOOLICHHUE.
[IpoasxuTeneH nepuosa Ha
BB3CTAaHOBSBAHE B CIIydail Ha
MHOKECTBEHH OTKa3H.

Pa3xoau 3a JOBITHUTEITHO
obopynsane. Hucka
e(heKTHBHOCT. [IBIBT IEPHO HA
BB3CTAaHOBSBAHE B CIIydail Ha
MOpa3sBaHe B MO-TOJISIM MaIao.

lomemu pazxoam 3a H3rpaxaaHe
u nogabpxane Ha PIIL.

CpaBHPITeJ'IHO BHCOKa IICHa

Bb3cTraHoBsBaHETO Ha JAaHHUTEC
MOXe 112 OTHEME 3HAYUTEITHO
Bpeme. AKO ce MOoJI3Ba KaTo
yciyra, TpsioBa ja ce uma
TIPE/IBH]L, Y€ HE BCEKH JOCTABUMK
Ha yCIlyra TapaHTHpa
KOH(DHICHIHATHOCT

Ha JJaHHHTE.

Bw3MorkHO € 1a uMa npobsiemu ¢
MPOU3BOJUTEIHOCTTA IIPH
perumKupaHe Ha 0a3u OT JaHHH.
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uHpopmanusaTa
(Replication)

BHpTyaHH3HpaHe TCXHOJIOFI/UI, KOATO JaBa

Ha CbpBBPU

Ob6naynu
pemenus (Cloud
solutions)

BB3MOXK-HOCT MO-e()EeKTUBHO 1a
ce U3MO0JI-3Ba Xapayepa, KaTo
BBPXY €Ha (pU3HUECcKa MalIHA
Ce MHCTaIH-PAT MHOXECTBO
BupTyanau. Heo6xoaumo e na ce
H3I10JI3Ba XUIIEpBan30p, KOUTO €
HE3aBUCUM UJIM € YacCT HIIH
nobaska kM OC.

Texnomorus, KoATo /1aBa
BB3MOXKHOCT Jla CE€ M3I0JI3BaT
pecypcH, KOUTO ca HAeTH.
[Ipennarat ce laaS, PaaS, SaaS,
NaaS, DRaaS, SECaaS u apyru

CHUCTEMH U Oa3uTe JaHHH.

Bucoka edextuBHOCT. JIecHO
pekoHbUrypupaHe Ha Xxapayep-
HUTE pecypcu. Y 100HO ynpas-
JICHHE Ha BUPTYaJHaTa CTPYK-
Typa. Bp3amoxHOCT 32
ABTOMATH-3MPAHO TIPEXBBPJIISIHE
Ha paboTa-Ta Ha MAIIMHHUTE
BBPXY

JPYT XOCT.

Hsma xanuTamoBu, a camo
OTIEpPAaTHUBHHU Pa3X0/u 3a
M3MOJI3BAHETO HA YCIYTUTE.
HawmazsiBa ce BpemeTo 3a
BHenpsBane Ha J[LI. JlecHo
HnpeKoH(UrypupaHe Ha
xapayepa, KakTo 1

H3ucksa CBBP3aHOCT MEKIY
BB3JIUTC C HUCKA JIATCHTHOCT 3a
PCIIIMKHUPAHE Ha MIPUIIOKECHUECTO.

HeobxogumocT ot
JOTIBJIHUTEITHH JIMIECH3U U
BHCOKA KBaTH(DUKALUS Ha
HepcoHana.

3aBHCHMOCT OT JOCTAaBUMKa Ha
ycayru. He otnanga
HeobOxoaumocTTa oT UT
MEPCOHA 32 a]MUHICTPHUPAHE Ha
cucremara. TpsOBa j1a ce OleHH
PHCKa TIPH MOJI3BAHETO HA TaKhB
BHUJI yCIIyTa.

IPpEMUHABAHE KbM HOBU BEPCUU
Ha CUCTEMHUA U ITPUIIOKEH

codryep.

Buenpsasanero B8 UTUC Ha HAkoe oT mocodyeHute B Tabmuia 3 pemieHus ¥ KOHKpETHAaTa
peaM3anus Ha CUCTEMAaTa 3aBHCHU OT M3UCKBAHUATA HA BB3JIOXKUTeNsd. PaznuuHo € u BpemeTo 3a
MPOCKTUPAaHE, BaJUIUPAHE M BHEIPSBAHE HA PEIICHHETO, KAKTO M HEroBaTa CJIOXKHOCT U II€HA.
KpaiinaTa nien e mpoekTupanoTo u BHeApeHo perienue 3a BH/IL[ na ynoBineTBopsiBa U3MCKBaHUATA
Ha Bb3yIokUTENSA. He ca psaako ciydaurte, Korato nNpouechT € UTEpaTUBEH, 3alll0TO CE Hajiara jia ce
HampaBU MPOMsSIHA B MPOEKTa 3a IOCTHraHe Ha IeHOBa €(EeKTHUBHOCT Ha pPEHICHUETO WU
He0o0X0IMMOCTTa OT 00CTY»KBaHE HA HOBU OM3HEC MPOIIECH.

3. MeToaMKAa 3a OCHTYPSIBaHE HA BUCOKA HAIEKTHOCT

Pemenusta, kouto Morar na ce npuiioxar 3a usrpaxiaane Ha BH/ILI, BkirouBaT ChbBKYITHOCT
OT JIeMCTBHSA, KOUTO ca HACOYEHM KbM ONa3BaHe Ha MH(OpMalusATa, HAMAIABaHE HAa BPEMETO Ha
HepaboTocnocoOHoCT U Obp30 Bb3cTaHoBaABaHe Ha ITUC u ycnyrute, kouto T4 npegocrassa. Ha
0azaTa H MPOBEJCHUSI aHAIN3 HAa IUTepaTypHUTE U3TOUHHIM [26]-[32] u nmuunus onut, HaTpymnaH B
MpaKkTUKaTa, B HACTOsIIaTa CTaTUs Ce MpeJiara MeTouka, Ha 6a3ata Ha KoaTo ce usrpaxaa UTHUC
C BUCOKa HajexIHocT. [Ipennoxkenara MeToiMKa BKJIFOUBA CIEIHNUTE NEHCTBHUSA:

a) Onpenensine Ha aktusute Ha UTUC: xapnyep, codryep, 6a3u qaHHU, YOBEUIKH PECYPCH,
MIOJI3BaHU YCIIYTU U IPYTH;

0) OmpenensiHe Ha 3aMJIaXUTE U TAXHOTO Bb3JIeHCTBUE BHpXY padorata Ha UTUC, usrorssine
HAa OLIEHKA Ha PHUCKa U ONPEEIIIHE HA METOANTE U CPEJCTBATA 3a HETOBOTO TPETUPAHE;

B) AHanu3 Ha Ou3HecC MpolecuTe U MHPOPMAIMOHHUTE MOTOIM, KOUTO T'M oOe3reyaBar.
OmnpenensiHe Ha W3UCKBAHUATA Ha BB3JIOKHUTENSA 3@ TIAXHATa HENPEKbCBAEMOCT M IPUEMIINBATA
3ary0a Ha JJaHHU;

r) OnpenensHe Ha apxurekrypara Ha UTUC;

n) M3060p Ha amapaTHUTE U COPTYEepHU KOMITOHEHTH 32 pean3allusi;

e) OnpenensiHe Ha CTpaTerusiTa W HAYMHUTE 3a pe3epBUpaHe Ha JaHHMTE. PazpaboTka u
yTBBpKAaBaHe Ha ,,[lnan 3a pezepBupane Ha uadopmarusata’ (I1PN);

x) Pa3paborka u yrBppkaaBane Ha [IBb. B Hero ce ommcBar pa3paboTeHUTe ClieHaApUu 3a
oTpaboTBaHE Ha BB3MOXXHM KPUTUYHU CHOUTHS W WHIMAEHTH. Bceku OT cClieHapuuTe ChIbpikKa
nH(popMalKg 3a MOCIEeI0BATETHOCTTA OT JEHCTBUS, KOUTO C€ M3BBPIIBAT IPU aKTUBUPAHETO MY, C
KOHKpeTHa MH(popMarus 3a:
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- TpenHa3HavYeHue, 00XBaT U eI,
- CHUTYyaIluuTe, B KOUTO CE aKTUBUPA;
- TOCIIEZIOBATEITHOCT HA ACHCTBUSATA,
- MaKCHMaJIHa IPOIBIDKUTEITHOCT Ha BCSIKO €IHO OT JICHCTBHATA;
- pOJM M OTTOBOPHOCTH Ha JIMIIATa UM EKUITUTE 32 BCAKO €THO OT JCHCTBUSITA;
- HaYMH 33 CBBbP3BaHE C JIMIIAaTa UIIH CIYXOUTe;
- HaYMH Ha ONOBECTSBAHE 33 MPUKIIOYBAHETO HA MHIUJICHTA,
- TepUOJUTE, MPEe3 KOUTO IUIaHBT TPsiOBa 1a ObJie TECTBAH.
HeoOxomuMo € cbh3laBaHETO W MOMIBP)KAHETO Ha HHQPOpMaIMs, JOKa3Balla PEaTHOTO
U3ITBJIHEHHE Ha IJIaHA.
3) Pa3zpaboTka Ha KOHIEMNIMS 3a MUIAHUPAHE Ha KalaluTeTa;
n) Jlebunupane, yTBBp)KIaBaHe W OIOBecTsBaHe Ha ,JllomuTHka 3a CHTrypHOCT Ha
uHpopmanusara‘;
K) Pa3zpaboTtka Ha nmpoueaypu 3a:
- JIOKyMEHTHpaHe, 0TpabOTBaHE W OIICHKA HAa MHIUICHTH;
- oneHka Ha paborata Ha UTHC u B3emaHe Ha perieHue 3a mojo0peHus, ako ce HajaraTt
TaKHBa.

4. JakaoyeHue

[Tocturanero Ha BHCOKa HaaexaHocT Ha J[L] e 3amava, KOATO opraHu3alMHUTe U QUPMHUTE
TpsiOBa Ja pelar 3a Jla OCUTYpAT CBOsATa Oe3NpersTcTBeHa paboTa U KOHKYPEHTHOCIIOCOOHOCT.
Jlunicara Ha sCHa METOAMKA 3aTpyAHSABA OBP30TO M ONTHUMAIHO pellaBaHe Ha 3ajgadarta. B Tasm
CTaTusl ce Mpejajara MeTO/AMKa, KOATO Jja MOMOTHE Ha OpraHu3anuure U (GUpMUTE Ja pemaT Io
ONTUMAJIEH HAYyuH Ta3u 3agada. OT HEHHOTO ChIBbP)KAHUE CTaBa SICHO, Y€ pealu3UpPaHETO Ha
pewmenne 3a BH/III ce ocbluecTBsBa HE caMO 4pe3 MPOECKTUPAHE U BbBEXK/IaHE HA BUCOKOHAIEXKIHA
NTUC u KoMIUIeKC OT IJIaHOBE M MPOLENAYypH, HO U Ype3 0O0ydeHHe Ha MepCcoHalla, TPEHUPOBKH U
OLIEHKa Ha paboTaTa Ha cUCTeMara.
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BAJTIAHCHUPAHO PA3INIPEJAEJIEHUE HA TPA®UKA B
NUHTEI'PUPAHA ETHERNET CPEJIA (YacTt nbpBa)

Hesn X. Croes, SBop 3. Jleuen

Pe3rome: 3n0:13BaHETO HA MHTETPUPAHU MPEXH 32 IPeaBaHe HA Pa3IMYHHUTE BUIOBE TpauK Hajmara aa ce
U3cleBa BIMSHUETO BBPXY MPOM3BOAMTEIHOCTTAa HA JIBa WM MOBeYe Kiaca Tpaduk, CIONEISIN eaHa H
chllla cpeAa. B HacTosmara ctaTus ca pasrielaHd OCHOBHUTE JITOPHTMH 3a OanaHCHUpaHe Ha MOTOLHUTE
Tpaduk, HampaBeH € cpaBHHTeneH aHanmm3 Mexay DRR m DRR-AWC. UspppmieHa e olieHKa Ha
epextuBHOCTTa HA DRR-AWC anropurbma.

KarouoBu nymu: 6anancupane na norouure tpaguk, DRR, DRR-AWC.

BALANCED TRAFFIC DISTRIBUTION IN AN INTEGRATED ETHERNET
ENVIRONMENT (Part one)

Dean H. Stoeff, Yavor Z. Dechev

Abstract: The usage of integrated networks for transfer of different types of traffic creates necessity to
explore the impact on the system performance, caused by two or more traffic classes sharing the same media
environment. In this article the basic algorithms for balancing the traffic flows are discussed and is
performed a comparative analysis between DRR u DRR-AWC algorithms. An evaluation of the efficiency of
the DRR-AWC algorithm is calculated.

Keywords: balanced traffic distribution, DRR, DRR-AWC

1. BnBenenne

C pa3BUTHETO U BCE MHO-TOJSIMOTO DPA3NPOCTPaHEHHE Ha BUPTyalu3alusaTa U OOJayHHUTE
TEXHOJIOTUU Tpe3 TOCIEIHUTE TOJMHH B CHBPEMEHHHTE IEHTPOBETE 3a JaHHU C€ H3ION3BaT
Pa3IUYHU MPEXOBHU apXUTEKTypu. OCHOBHUSAT MpexoB Tpaduk mMuHasa no Ethernet, a oOMeHBT OT
¥ KbM XPaHUIMIIETO 3a JaHHW MHHaBa mpe3 ontudHa cpena - Fiber Chanel (FC).

Hannuuero Ha pa3iauyuu MpeXOBU apXUTEKTYpH B €AMH LIEHTHP 3a JJAaHHM MMa €IUH TOJIIM
HE/IOCTaThK — BUCOKATa II€Ha 3a yIpaBJIeHWE W TOJAPHKKA. ToBa Hajara TEHACHIUS Ja ce
M3II0JI3BA €JHA U ChIlla apXUTEKTYpa 3a MpeJlaBaHe Ha pa3nuyHuTe Bujose Tpapuk. Ethernet e Haii-
MOJXOJIAIIA 32 U300p Cpefia, Thil KaTo € Mo-eBTUHA U mo-pasmnpoctpanena ot Fiber Chanel (FC).
['onsiM HEMH HEAOCTATHK €, Ye B YCIOBMATA Ha MHTEH3UBEH TpadUK Bb3HUKBAT 3a{pbCTBAHUS U TS
MOJKE J1a 3aIlI09HE J1a POIyCcKa MaKeTH. 3a /1a ce mpenaBaT pa3nnyanTe BuaoBe Tpaduk mo Ethernet,
€ HeoOXOIMMO J1a ce ocUrypu pabdora 6e3 3aryou.

Ilenta Ha pa3paboTKata € CpaBHHUTENECH AaHaJIW3 Ha TPOTOKOIUTE W aJTOPUTMHTE 3a
pasnpezeneHue Ha BujoBeTe Tpaduk B uHTerpupana Ethernet cpema 3a mpeHoc Ha JaHHM 3a
MMOCTUTaHE Ha 0aJaHCUPAHOTO M HATOBapBaHeE.

3a MOCTUTaHEeTO Ha Ta3M L]l ca IOCTaBeHU CIICAHUTE 3a/1a4H:

- AHanu3 Ha KamaruTeTa U JIATEHTHOCTTA Ha pa3iauvHuTe npuitoskerus karo iISCSI u Message

Passing Interface (MPI) B unTerpupana mpexa,

- AHanu3 BB3IeiicTBUeTO Ha craHmaptHus anroputbM Deficit Round Robin (DRR) Bepxy

MIPOU3BOIUTEIIHOCTTA U PA3IPEICIEHUETO Ha PECypCUTe B MHTEIpUpaHaTa Mpexa,

- Ouenka Ha edexTuBHOCTTA Ha Monupuuupanuss DRR anroputrsM BbpXy KOMyTaTOpUTE B

IEHTHpa 32 00pabOTKa Ha JJaHHHU upe3 u3uncisgBane Ha uHuekca JFI — Jain’s Fairness Index.
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2. CuopaBeljuBo (0ajlaHCHPAHO) pa3npeiejieHne HA PeCypcuTe

DCB TexHonorusita no3pojisiBa Ha CUCTEMHUSI aJMUHUCTPATOP Aa paslienu uenus tpadux B
Mpekara Ha oceM kiaca Tpaduk. EauH oT mpobiieMuTe, KOMTO ce MOosIBSBA MpH pa3padoTkara Ha
DCB TtexHosorusara, €, 4Ye TIOBEICHHMETO B €IUH KjIac € HeompenaeineHo. Jlokaro
MIPOU3BOIUTEIIHOCTTA MEXIYy OcCeMTe Kiaca € Jo00pe aeduHUpaHa, TO OCTaBa HeEpa3pelIeH
npoOJeMbT € MPUOPUTU3UPAHETO Ha Tpaduka B paMKUTEe Ha enuH U cblqu kiac. [loBedero
QITOPUTMH 3a PA3NPEIEIICHUE MOraT J1a ce KaTeropu3upar WM KaTo paslpeleseHHue MO MOTOLH,
WM KaTO pPas3lpeiesieHHe MO Bb3JIH. AJITOPUTMUTE 3a Pa3NpelesieHHue IO MOTOLUU OCUTYpsiBaT
MIOCTUTaHE Ha ,,paBHONpABUE’ MEXIY pa3IM4YHUTE NOTOIM TpaduK B paMKUTE Ha Mpexkara,
HE3aBUCHMMO OT TOBa KbJl€ Ca BB3HUKHAIM M HE3aBUCUMO HaKbJe ca HacodeHu. To3um BHI
pasmpeneneHre 00J1aroeTeNICTBa Bb3JIU C MHOXKECTBO MOTOLHU. AJITOPUTMHUTE 32 pasnpeaesieHue 1o
BB3JIM OCUTYpSIBAT ,,CIIPABEIIIMBO pa3Npe/IeiCHUE 3a BCEKH Bb3€Jl B PAaMKUTE Ha Mpexara. To3u
BUJ pa3OpeleNieHue ,,0leTsBa BB3IM C MHOro mnoroud. ChbBKymHOCTTa OT (QopmaiHu
crerpuKaIuy HU MPEAOCTaBsi MEXaHU3bM 3a ONPEICIISTHE U KOJAUPAHE HA ,,paBHONIPABUETO" .

ANTOpUTBMBT 3a mpeTersieHu ,.crpaBeumBu’ omnamkun Weighted Fair Queuing (WFQ)
paszensi JaHHUTE, KOUTO C€ MpeaaBaT, B MPETErVICHW OMAIIKW M MpeaaBaT JaHHH OT BCSKa eaHa
ofainka upes ,,ClipaBeaauB* MexaHu3bM, 4yecto Simple Round-Robin Approach (mpoct anroputsm
C UMKIWYHO yrpaBieHue). Haii-poctust anroputbM pasnens Tpaduka Ha MPOCTH OMAIIKU C
€IHaKBM Teria u npenasa cropen Round-Robin npuanumna. [To-cnoxaute WFQ anropurmu morar
Jla OCUTYPST pa3JIMyHU TErJIa Ha OMAIIKUTE U Ja MpeaaBaT OT TAX BbB Bapuauuu Ha RR wnu npyru
crocobu. WFQ e MHOro yHuBepcalileH alrOpuThM U MOXKE Jla C€ M3I0JI3Ba B Pa3IMuHU MPEKOBU
TOIOJIOTHH.

Deficit Round-Robin ajgroputrsm (DRR)

WFQ e noOpe u3BeCTeH alropuThM 3a paslpeaesieHne, KOWTO MOAIbpiKa CIpaBeUIMBOCTTA -
PaBHOIIPAaBHOTO pa3Npe/e/ieHUe Ha KalalWuTeTa U PEeCypCUTEe HAa MPEKaTa MEXIy pPas3IMuyHUTE
MOTOLM OT JIaHHW, OCUTYpsIBAWKH 100pa mpousBoauTenHocT. Ho Toil e ,,cKbI* 3a BHEIpsSBaHE B
xapayepa u mnoseuero komyraropu usnoizBaT DRR anropursma. DRR e cpaBaum ¢ WFQ no
,»,CIIPaBEUIMBOCT M MMa Mo-HUcKa ciaoxkHocT. Ha gurypa 1 e uzo6pasen DRR anroputbmsbT, KaTo
€ IIpe/ICTaBeHa MPUMEpPHa CUCTEMA C TPU BXOSIIH OMAIIKK OTJISBO M €1HA U3XOs11a OTISACHO.
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{[IOCTATHUHO KPEAHTH KbM M3XOAALLATA ONALIKA :

®@ur. 1. DRR Ilpumep

@peliMoBETE c€ HACOYBAT KbM €/1HA OT TPUTE BXOJSAIIM ONAIIKH. Besdka BXoasina onamka e
FIFO u cpawvpxka peiimoBe, KOUTO Ce OTHACAT KbM OTJEIHM MOTOLU. AJNTOPUTHMBT OINpPEAEs B
KakbB pea  (peiimMoBeTe ce pasmoyaraT B u3xoxdmiata omamka. OT wu3Xoasdmiata oraiika
¢dperimoBere ce mpemaBat mo FIFO pen. Uumcmara BBB BesAKa BXOMSIIA OMNAllka IMOKa3BatT
rojeMuHaTa Ha (peiiMa B omnamrkaTa. AJropuTbMbT CKaHMpa BCSIKa OMaIlKa, 3armo4yBaifku mo pex 1,
2 u 3. IIpu Besako ckanupanu 0 win nosede (peiiMoBe OT BCsKa BXOJdIA OMAIlKa ce IpeMecTBaT
KbM m3xonsmara. bposar Ha ¢peiiMoBeTe, mpemecTeHHM OT BCSKa BXOAAIIA OMNAalIKa KbM
M3XOJIIIaTa, C€ ONMPEACIIAT OT TPU MPOMEHINBH, a MMeHHO Quantum Size (QS) — pa3Mep Ha KBaHTa
B anroputbma, Deficit counter (DC) - O6posiu u pa3mep Ha (peiimoBeTe B onamkara Frame Size
(FS). AnroputbmMbT uMMa (UKCHpaH pa3Mep Ha KBaHTa, B TO3M MpuMep pasMmepbT Ha QS e 2.
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BbpostunTe mepBOHawamHO ca ycTtaHOBeHHM B Hysna. CToiHOCTTa Ha Oposiua ompezens Opos Ha
KpEIUTUTE C HATPYyNBaHE IPe3 BCEKU LUKBI. B HA4aI0oTO HA BCEKM LIUKBI pa3sMEpPbT Ha KBAHTA CE
no0aBs KbM Oposiua 3a BcsKa omnamika. bposubT ornpenens Opos Ha KpeIUTUTE 3a BCsAKa BXOSINA
OTaIiKa 3ae¢HO C HEU3IOJI3BAHUTE OT MpeaUIIHUs uKbI. Cliex Kato OposYbT HapacHe ¢ pa3Mmepa
Ha KBAaHTa B TEKYIIMsS LIMKBJI, AITOPUTHMBT 3al04Ba J1a MECTH (peliMOBE OT BXOMSAILIUTE OMAIIKU
KbM u3xoAsmara B mnocienoBaresieH RR HaunH. @peliMbT ce mpemecTBa OT BXojsllaTa B
M3XO0JdIaTa OMalika, Korato OposiubT € MO-TOJISIM WJIM paBeH Ha pa3Mepa Ha (peiimMa B Ha4alIoToO
Ha omnamkara. Cies ToBa ChOTBETHHAT Oposid ce HamalsiBa C pa3Mepa Ha MpeMecTeHuTe GppeiimoBe.
B nanenuns npumMep ouepTaHuTE B MYHKTHUP NPABOBIBIHUIM ITOKA3BaT BCEKU LIMKBJ OT AITOPUTHMA.
[Ipu pa3mep Ha KBaHTa 2 ce BHXK]IA, Y€ MPU I'bPBUS LIUKBII ca IPEMECTEHH JBa ppeiima ¢ eMHuYeH
pasMmep OT IIbpBaTa OMallKa U €UH ABOEH (PpeiimM OT BTopaTa onamka. BeB BTopus KB Oposy Ha
orainka 3 3ara3Ba OCTaHAJIUTE KPEIUTH OT M'bPBUSI LUK U CE MPEXBBPJIA €AUH YETBOPEH (hpeiim
3aeHO C APYT'H €IUHUYHU U 1BOiHM (peiimoBe. To3m nmpuMmep moka3pa Kak MO-MaJKUAT pa3Mep Ha
KBaHTa MOJeE Jla IPUYUHU MpoITycKaHe Ha ¢peiimoBe, kakTo B Omamika 3. 3a ToBa ce MpenopbuBa
pasMepbT Ha KBaHTa Ja C€ 33JaBa HE IO-MaNbK OT Hal-ToseMus Qpeiim, KoiiTto me Obae
MIPEXBBPJICH.

3. ExcnepmMeHTA/IHA IOCTAHOBKA

3a na ce ompenenar npeauMmcTBara U Hegoctarbuute B DCB mporokonure, € BaxHO Ja ce
pa3bepe IbpPBO KakBa € MPOM3BOAUTEIHOCTTAa Ha PAa3IMYHUTE TOTOLHU OT TpadUK B MHTETpUpaHATa
Mpexa. Cb3/1aBaHETO HAa MHTEIPUpPAaHa MpeXa J1aBa Bb3MOKHOCT Jla Ce U3MEpH eeKTa OT 3aryoure
W Ha ocraHamus Tpapuk BHpXy mnpoumsBoaurenHocrta Ha LAN um SAN tpaduka. OneneHo e
BB3JCHCTBUETO HA 33JpbCTBAHUATA B MHTErpUpaHaTa Mpexa I[pU HapacTBaHe Ha Oposi Ha
pa3IMYHHUTE KIacoBeTe TpapuK.

[Ipe3 nbpBus eran Ha ekciepuMmeHTUTE ce u3noy3BaT SAN npuemMHuk U1 LAN1 npuemuuk. Ha
¢burypu 2, 3, 4 u 5 ca Busyanusupanu pesynrature ot ekcnepumentute. LAN tpaduksT B Mpexara
Bapupa mexxny TCP u UDP, nokaro SAN Ttpaduka Bapupa mexnay iSCSI READ u iSCSI WRITE
Tpaduk. Beska rpaduka n3obpassiBa npomyckaTenaHaTa CoCOOHOCT Ha €IMH Kiac Tpaduk, Korato
Mpexara He € clojielieHa U koraro e cnojeneHa. Ot ¢urypu 2 u 3 e BuaHo, ue TCP tpadukst € ¢
no-rojyisiM mpuopuret ot SAN Tpaduxa.

JlokaTto npomyckaTenHata crnocoOHocT Ha SAN Tpaduka M OpU YeTeHe, W IpU 3amuc
HamassiBa B MHTErpUpaHaTa Mpexka, TO INpoiyckarenHara crnocodHoct Ha TCP Tpaduka ocraBa
HEIIPOMEHEHa.
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®wur. 2. Ckxonoct Ha MaTernunann TCP u iSCSI Read TToromnmn
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®ur. 4. Cxopoct na Unarerpupanu UDP u iSCSI Read IToromu

[lonmy4yeHnre eKCHEPUMEHTANIHU HaHHU W TIOCTPOCHUTE rpaduku qoKa3Bar, 4e TUIBT Ha
Tpaduka uMa npsk ePeKkT BbpXy NMPOU3BOAMTEIHOCTTA Ha KiacoBeTe TpaduK B MHTErpUpaHaTa
Mpexa.

Moxe na ce mpueme, ue UDP u iSCSI Write tpadumure ca ennomnocounu, nokato TCP u
ISCSI Read ca nBynocounu. Pesynrature moka3saT, 4e JIBYHNOCOYHHAT TpapUK MMa TO-BHCOK
IPUOPUTET OT EIHOMOCOYHMSA B MHTErpupaHa Mpexa. ExcrnepuMeHTHTe NOKas3BaT ChIO, 4e
oIOOHUTE KJIacoBe TpaduK ce AbPIKaT 10 1M0100eH HAYMH B MHTETPpUPaHaTa Mpeka.
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®@ur. 5. Cxopoct Ha Uurerpupanu UDP u iSCSI Write TTorouu
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®wur. 6. Cxopoct Ha Unrterpuparu TCP, UDP u iSCSI Write [Tororu

B T0o3u excniepumenT TpaduxsT Bapupa mexay TCP, UDP u SAN onepanuu 3a yeTeHe u 3a
3aruc. Ourypu 6 u 7 BuU3yanusupar eekra OT MHTErpupaHaTa Mpexka BBPXY MpOITyCKaTelHaTa
CIOCOOHOCT Ha TpUTE Kilaca Tpaduk.
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®ur. 7. Cxopoct Ha Unrterpupanu TCP, UDP u iSCSI Read IToTorm

ExcniepuMeHTBHT ¢ TpH Kiaca TpaduK MOTBBPXKIaBa pe3yJTaTHTE OT EKCIIEPUMEHTa C J[Ba
KJjaca Tpauk.

4. Anaaus

Pesynrarure mokassar, ye ckopoctra Ha iSCSI Write motoka nHamansiBa ¢ 37%, Korato
ciogens mpexkata ¢ norouu ot TCP u UDP tpaduxk.

M3noms3Banero Ha xapayep ¢ aktuBupanu DCB mpoTokonn 1mo3BOJsIBA Ja C€ aHAIM3Upa
BB3/JICHCTBUETO BBPXY MPOU3BOJUTEIHOCTTA Ha JATEHTHOCTTA U MPOITycKaTeIHaTa CIOCOOHOCT Ha
JIB€ Hali-uecTo M3IMOJI3BaHU MPUJIOKEHUS: ChXpaHEeHHE Ha JaHHHU M MEXyNPOIleCHa KOMYHUKAIUS.
ExcniepumeHTanHo e u3MepeH epeKThT OT aKTUBHpaHe U AeakTuBupane Ha PFC mporokona BbpXy
MpoIycKaTeliHaTa CIOCOOHOCT Ha TmoToka Tpaduk. EkcrnepumeHTamHaTa MOCTaHOBKA €
BU3yaJlM3upaHa Ha (urypa 8.
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Tpaduk MoTok 1

________________________ }
CNAL CMNA 3
Could Core Could Core
Switch 1 Switch 2
CNA 2 CAN 4
________________________ }
Tpadwuk MNoTtok 2

®ur. 8. ExcneprMeHTallHa MOCTaHOBKA

[IspBO € m3Mepena Ga3oBara MPOU3BOAUTENHOCT npu aeaktuBupano PFC u craptupane Ha
iperf ¢ pasnuunu croifHocTH Ha Oposi Ha HumkuTe. [Ipu mocieaBamUTEe €KCIIEPUMEHTH BCHYKH
MOTOLIM C€ MOJIaBaT KbM MpEXaTa NapajieTHO U € U3MEpPEHa MPOU3BOJUTEIHOCTTA. AHAIU3BT Ha
MIPOU3BOIUTEIIHOCTTA B EKCIIEPUMEHTHUTE ce 0a3upa Ha M3MEPBAHETO HAa HATOBAPBAHETO HA BCEKHU

MOTOK OT rieaHa Touka Ha CNA 1.
86
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74
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Cropoct MB/s

1 2 3 4 5 6
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@ur. 9. CKopocT B 3aBUCUMOCT OT OpOs Ha HUILIKUTE

IIpe3 mbpBUs eTanm Ha EKCIEpUMEHTUTE, BHU3yalu3upaH Ha ¢Qurypa 8, ca H3MOI3BaHU
MmpexoBu amantepu CNAT u CNA3. Ha durypa 9 ca mokazanu pe3yaTaTHTE OT €KCIICPUMEHTHUTE.
PFC e neaktuBupan u ce usnpaa notpeourencku UDP tpapuk or CNAI 1o CNA3 upes iperf, a
OpOSIT Ha HUIIKUTE Bapupa OT €IHa JI0 ILIECT U € U3MEpEeHa MPOITyCKaTeIHATa CIOCOOHOCT.

I'padukara nmokaspa, 4ye ¢ HapacTBaHe Ha Oposl HA HMIIKUTE HUBOTO Ha MPOU3BOAUTEIHOCT
HapacTBa JuHelHo. [Ipomyckarennara croco6HocT € oT nopsaabka or 70 MB/s no nan 80 MB/s.
[Ipy uyeTMpW HUILIKK MPOMyCKaTelHATa CIIOCOOHOCT a00mmkaBa rpanunara or 1Gbit/s u npu
MOCJIeBAIll0 HapacTBaHEe HAa Oposi Ha HUILIKHUTE M IpPU NMPEBKIIOYBAHE Ha rojisiM Opod BXOAHO-
M3XOJIHH MIPOLIECH BOJIU JI0 CTaOMIIM3UpaHe Ha TpaduKa Ha HUBO OT 0kojo 83 MB/s.
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BAJIAHCHUPAHO PA3INIPEJAEJIEHUE HA TPA®UKA B
UHTEI'PUPAHA ETHERNET CPEJIA (YacT BTOpa)

Hesn X. Croes, SABop 3. Jleuen

Pe3rome: 3n0:13BaHETO HA MHTETPUPAHU MPEXH 32 IPeaBaHe HA Pa3IMYHHUTE BUIOBE TpauK Hajmara aa ce
U3cleBa BIMSHUETO BBPXY MPOM3BOAMTEIHOCTTAa HA JIBa WM MOBeYe Kiaca Tpaduk, CIONEISIN eaHa H
chllla cpeAa. B HacTosimaTta cTaTus ca pasrielaHd OCHOBHUTE ITOPUTMH 3a OalaHCHUpaHe Ha MOTOLMTE
Tpaduk, HampaBeH € cpaBHHTeneH aHanmm3 Mexay DRR m DRR-AWC. UspppmieHa e olieHKa Ha
epextuBHOCTTa HA DRR-AWC anropurbma.

KarouoBu nymu: 6anancupane na norouure tpaguk, DRR, DRR-AWC.

BALANCED TRAFFIC DISTRIBUTION IN AN INTEGRATED ETHERNET
ENVIRONMENT (Part two)

Dean H. Stoeff, Yavor Z. Dechev

Abstract: The usage of integrated networks for transfer of different types of traffic creates necessity to
explore the impact on the system performance, caused by two or more traffic classes sharing the same media
environment. In this article the basic algorithms for balancing the traffic flows are discussed and is
performed a comparative analysis between DRR u DRR-AWC algorithms. An evaluation of the efficiency of
the DRR-AWC algorithm is calculated.

Keywords: balanced traffic distribution, DRR, DRR-AWC

B to3u excnepument PFC e akTuBupaH Ha BCUUKU YCTpOiicTBa B MpexkaTa. [IbpBo € uzmepex
kanaruteTbT MexAy CNAl u CNA3, craptupaHu CcaMOCTOSITENIHO, CJE€J TOBa C€ CTapTupa
tpadukbT Mexay CNA2 u CNA4. Touka Ha Hacuiade (victim point), KosSTo € TepMUH, AaJeH OT
DCB pa6ornara rpyna Ha IEEE, noka3Ba kakBo ce cimyuBa ¢ Tpaduka mexay CNAL1 u CNA3,
korato TpapukbsT Mexay CNA2 u CNA4 e BpemenHo 3abaBeH. Ha ¢urypa 10 e Buzyanusupan
e(peKThT OT CTapTHpaHe Ha HOB TPapUK-NIOTOK BBPXY IbpBOHAdadHUS MOTOK Mexay CNAILl u
CNAS.

M3mepBaHeTo Ha TBIHUS KalalUTET MEXIY JBE TOYKH IOKa3Ba, Y€ paslpelelieHHeTO Ha
M3IOJI3BAHUS KallallUTeT OT MOTOLUTE € MUHUMAJIHO 3aCerHaT OT CTapTUPAHETO Ha HOB MOTOK. ToBa
MOKa3Ba, 4€ €/JHa IpocTa CUCTEMa C JiBa IOTOKa MOKe Ja Obae OnM3ka 10 ToBa na € Jo0pe
OanaHcupaHna, usnomnssaiiku camo PFC.
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®ur. 10. ITponyckarenna cnocoOHOCT pu aBa rmotoka crpsamo CNAL
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Ha Bcuuku cucremu e mHctanmupan Open MPI u ce m3mbiansBa Intel MPI Benchmarks.
JlarenTHOCTTa TBHpPBO € M3MepeHa ¢ AeaktuBupano PFC, crmex ToBa € M3MepeHa OTHOBO C
aktuBupano PFC. Ilpu neaktusupano PFC, MPI pa3uuta na TCP 3a KOHTpOJI Ha OTOKA.

@urypa 11 Bu3yanusupa mbJIHUTE pe3yinraTH oT TectoBere. Ha ¢urypa 12 ca m3zobOpazenu
pE3yATaTUTE OT CHIIUTE TECTOBE, HO Ca M3IOJI3BAHU CaMO PE3yJITaTH OT ChOOIICHHS C pa3Mep MO
4096 Oaifra, Taka 4e Ja MOXE MO-I00pe Ja ce pa3rieaar pe3yaTaTuTe Ha ChOOIIEHUS C MO-MalIbK
pasmep. Ha ¢urypa 11 ce Bmwxkna, ye npu choOmenus ¢ pazmep Haa 131 072 Gaiita, TaTeHTHOCTTA
Ha Mpexa ¢ aktuBupano PFC HapacTBa mpomopruoHaiHo Ha pazMepa Ha cbhoOmeHuero. /lokaro
JaTeHTHOCTTa Ha Mpexka 06e3 PFC npactudHo HapacTBa, JOpH M MPHU MaJlka MIPOMsHA B TOJIEMUHATA
Ha crobmienneTo. durypa 12 nokassa, ye nmpu Mpexa ¢ akruBupano PFC natentHocTTa € cTabmiHa
W paBHOMEpHa C MpoMsSHAa Ha pa3Mepa Ha cboOuIeHHeTo, gokaro npu wuskmoueHo PFC e
HEpaBHOMEpPHA U ce Koyiebae OT pa3Mep JI0 pa3Mep Ha ChOOIIECHUETO.
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®ur. 11. MPI Exchange benchmark latency

Pesynrtature or MPI ekciepumenTa nokassar, ue MPI Mmoxe 3HaunTenHO /1a ce moo0pu upes
m3nonm3Bane Ha PFC B wmpexara. [IBata pesynrara sSCHO JIE€MOHCTpPHUpAT, Y€ JIATEHTHOCTTA €
3HAYUTEIHO MO-paBHOMEpPHA M CTaOWIIHA, HE3aBHCHMO OT TosieMUHaTa npu Hanumuuero Ha PFC.
Pesynrarure nokassart, ye 6e3 PFC, MPI pa3uura enuncrseno Ha TCP pamkupane (windowing) u
npenaBaHe 3a KOHTpoa Ha motoka. [Ipu Bp3uukBane Ha TCP npenpenaBane (TCP Retransmission),
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®ur. 12. MPI Exchange benchmark latency (kpatku cho0uieHust)
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JIATEHTHOCTTA Ps3Ko ce yBenuvara. [Ipu Hamnuue Ha PFC B Mpexata mpenpenaBaHeTo ce n30srsa
U JIATEHTHOCTTA € MHOT'O TI0-CTa0MIIHA.

Komyrtatoputre B cbBpeMEHHHTE LEHTPOBE 3a JaHHM mpwiarat DRR anroputbma BmMecTO
TpaguuuonHurte npererienu onamku WFQ. DRR e necen 3a BHenpsiBane u ce 100amxaBa MHOTO
no WFQ mno oTHomienue Ha ,,CIIpaBeAIUBOCTTA. ANTOPUTMUTE 3a paslpeaeiicHue U TEOpUHUTE 3a
OTAIIKUTE MPEACTABISIBAT OaJaHCUPAHE MEXKAY ,,CIIPABEUIMBOCT™, MPOU3BOAUTEIHOCT U MPOCTOTA
Ha BHeApsBaHeTo. [loHacTosmem MHOro komyratopu noabpkar Weighted DRR, ol kaTo Toit €
M0-JIECEH 3a BHEJPSBAHE M OCUTYpPsIBA FOJSIMO J00JMKaBaHe 10 HUBOTO Ha cripaBeannBocT B WFQ.

[Ipu ronsamo pa3zHooOpasue oT Ki1acoBe TpaduK € BaKHO J1a Ce TapaHTHPa, Y€ KaKTO MOTOLUTE
TpapuK OT MaJK{U MAKeTH, Taka M TOJIEMUTE MaKeTH Ie H3IO0JI3BAaT Mpexkara ,,CIpaBeiuBO‘.
@durypa 13 m3o0pa3zsBa (akTHueckaTa MPOW3BOAUTEIHOCT HA (DpEiiMOBE C pa3IUYHH pPa3MEpH,
WHTETPUPAHU B €/IMH IEHTHP 3a JAaHHM, MOJydeHa MPH MPOBEKIAHETO HA EKCIepUMEHT. B Haii-
KpaitHus cimy4aii ipu 68 Oaiita, Haii-mankure MPI ¢pelimoBe nomydaBar nmoutu 25% mo-mMaiako ot
KalaluTeTa B CpaBHEHUE C Kiiaca TpaduK 3a CbXpaHEeHUE Ha JaHHHU.

3000
B MPI B Storage(Fixed 1522) B Mixed LAN
2500
%]
= 2000
=
m
£ 1500 -
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o
g
& 1000 -
500 -
0 -
1024
FonemuHa Ha ¢peﬁma B BaiToBE

®@ur. 13. [IpomyckarenHa ciocOOHOCT Ha TUMMMYHUTE KIacoBe Tpaduk

3a ga ObJ1e MPeoAOsTH TO3M HEAOCTATHK, € MpUIokeHa HoBa Bapuaius Ha DRR anroputhbma,
npeanoxen ot Xeirsa [10].

ExcniepmenTanHaTa nocTaHOBKa € IOKa3aHa Ha gurypa 14.

IXIA 1 \ Input Queues
Fixed Large Frames 1522 1522 Outpl.ll' Queue Mixed Traffic
E(F‘llfleduling Eﬂlrﬂlw 152 6 lee] I +| IXIA 3|
IXIAZ2] > 60| 68|62 |68 |68 |68 |oR 68|68 |68
Variable Small Frames

®@ur. 14. ExcrieprMeHTallHa IOCTaHOBKA
3a 1menuTe Ha eKCIIEpHMEHTa ca M3MOJI3BaHu 3 mopTa Ha TectoBus xapayep. Ot Portl kbpm
Port3 e renepupan norok ¢ roaemu ¢peiimose (TS1) ¢ pazmepu Ha dpeiima ot 1522, 2500 u 5000
Oaiita. Besika ot Tpute rpaduku (durypa 15, 16 u 17) croTBeTcTBa HAa pa3NIUYHUS pa3Mep Ha
¢peiima B TS1. Ot Port2 xem Port3 ce renepupa Bropu motok (TS2), xoiiTo ce cbhcTom OT
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¢peliMoBe ¢ Masku pa3Mmepu. IIpu Tazum mocraHoBKa M JiBaTa MOTOKa ClEBa Ja CE€ Pa3NpeAessT
ype3 DRR B nopra Ha koMyTaropa cBbp3aH KbM Port3 Ha TectoBus xapayep.

1.7 T T T T T T T

1.6 | B

1.5 h

1.4 - -

1.3 h

1.2 -

1.1 ¢ B

Ratio of Fair Queue Weights

O.g 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600

Frame Size (Bytes)

@ur. 15. Tecr 1 - CroTHOmEeHne Ha Ternata mexay TS1 u TS2 B
omamkata npu WFQ u ronemuna Ha gpetima 1522 Gaiita

2.2 T T T T

1.8 .

1.4 - .

1.2 ¢ -

Ratio of Fair Queue Weights

0.8 1 1 1 1
0 500 1000 1500 2000 2500

Frame Size (Bytes)

®@ur. 16. Tect 1 - CroTHOmEeHue Ha Ternata Mmexxay TS1 u TS2 B omamkara
npu WFQ u ronemuna Ha dpetima 2500 Gaiita

IenTa HAa TO3M €KCIIEPUMEHT € Jla ce OTKPHAT pasmpeeneHure terna Ha TS2, HeoOxoaqumu fa
M3PaBHAT MPOITycKaTeIHaTa CIOCOOHOCT Ha BCEKU NOTOK TpapuK. ChOTHOIIEHUETO MEXKIY TErJI0TO
3a TS2 xbM Ternoro Ha TSI e u3obpazeHo Ha Y ocra, a pa3mepbT Ha ¢peiima Ha TS2 e u3obpaszen
Ha X ocra. Pe3ynrarure moka3BaT KakBO TErJIO € HEOOXOAMMO 3a BCEKH pa3mep Ha (peiima, 3a na
ce TMOCTUTHE cIpaBeuIMBO pasmpenenenue. Ha cdurypu 15, 16 u 17 ce BmkIa Kak MajlkuTe
¢dpeiiMoBe ca MHOTO OLIETEHH M ca HEOOXOJMMO 3HAUMTETHO BHCOKH TErJIa, 3a J]a Ce M3PaBHAT C
mporyckarenHara crnocobnoct Ha TS1.

Koraro TS2 nocturne pasmep Ha dpeiima mexay 200 u 500 6aiita, ,,0l1eTABaHETO 3a110uBa
Ta HamaisiBa W OaBHO 3amoyBa jJa ce mnpubimxaBa kbM Tersioto Ha TSI1. Ilpm mo-mankute
¢bpeliMoBe TernoTo, He0OOXOAMMO 3a Ch3/1aBaHE Ha CIIPaBeUIMBO PA3NpPE/EICHUE, € IIOUTH JBa ITbTH
o-rosisiMo OT ToBa Ha TS1.
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@ur. 17. Tect 1 - CroTHOmEHHE Ha Terinata Mexay TS1 u TS2 B onamkata npu WFQ u
ronemMuHa Ha ¢pperima 5000 Gaiita

BbB BTOpHS eTam Ha TECTOBETE Ca HW3CJICABAHM MHOXKECTBO BXOJSAIIM OMAIIKH OT MAJIKU
¢dperiMoBE U KbM KOMYTATOPa € CBbP3aH YETBBPTH MOPT.

BMmecTo 1a ce m3mon3Ba caMo €1Ha BXOASINA ONAamIka OT MaJKu (ppeiiMoBe U €THa BXOJIIa
omaimika oT rojyieMu (ppeiiMoBe, ca M3IMOJI3BAHU JIBE BXOMSIIM OMAIIKU C pa3iauuHu pasmepu (68,
128, 256, 512 u 1024 6aiita) 3aeqHO ¢ €HA BXOJINA OIamika ¢ roiemu (peiimose. Pesynrarure ot
eKCIIepUMEHTa ca BU3yanu3upanu Ha purypu 18 u 19.

1 .8 T T T T T T
Multiple Input Queues of Small Frames [N

17 L Base Line (Experiment 1 - 1522 Byte Frames) —— |

1.6 a
1.5 1 1
1.4 1 1
1.3 + 1

1.2 1

Ratio of Fair Queue Weights

1.1 1 1

09 | | 1 | | 1 |
0 200 400 600 800 1000 1200 1400 1600

Frame Size (Bytes)

@ur. 18. Tect 2 — MHOXXeCTBO BXO/ISIIIH OIAIIKYU C Pa3IMYHA TOJIEMUHA Ha dperima

Hezapucumo gaau uMa e€1Ha WIIM MHOKECTBO OITAIlIKK OT MaJIKU (prﬁMOBC, Terjara, HCOGXOI{I/IMI/I
3a JOCTUT'aHC Ha CKBUBAJICHTHA IIPOITYCKAaTC/IHA CITOCOOHOCT € ITOTOKA OT FOJIEMHU (bpef/'IMOBe, ca
CIHaKBMU.
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TperusT ekcriepuMeHT LeNH Ja YCTAHOBH KaK CMECEHUST TpaUK B €HA OMalllka ce 0TpassBa
Ha pesynrtature. Ch3malieHa € eHa BXOJIIA OMalika OT rojiieMu (peiiMoBe, a 3a omairkara ¢
Maiku ¢peiimoBe ca u3bdbpanu 50% ot ¢peiimoBere na ca ¢ eauH pasmep (x Oaiita) u 50% c apyr
pa3mep (y Oaiita). [IpoMeHST ce pa3mepuTe Ha BCEKH OT MAaJKHTE (peiiMOBE M pe3yaTaTuTe ca
Bu3yanusupar Ha ¢urypa 19. Ha Hes ce Bmxkaa uye cMmeceHHs BXOIsll TpaduK OCpeIHsBaA
pe3yATaTUTE OT MPEAXOAHUTE EKCIIEPUMEHTH.

Pe3ynrarure oT mpoBeEHUTE TECTOBE OCUTYPSIBAT JOCTATHUYHO MH(GOpPMALUS J1a CE ONpeaeTn
ONTUMAJTHOTO TEIJIO 3a JajieH pa3mep Ha ¢peiima. IlpeanoxeHuAT aiaropuTbMm ce Oa3upa Ha
CTaTUCTUYECKUTE OpOSIYM B KOMYTATOPUTE, KOUTO Ca CPABHUTEIIHO YHUBEPCAIHU U CIEASAT Opost Ha
¢bpeiimoBeTe ¢ pa3aMYHMA pa3MepH, KOWTO NpPEMHHAaBaT, W TU TpPynupaT MO [AHUANA30HU.
ANTOpUTHMBT B3€Ma TE3U CTATUCTUKY 3a BCSAKA BXOJAINA ONAIIKa B KOMyTaTtopa u HacTpoiiBa DRR
TerjiaTa Ha BXOJIlaTa omnalika Ha 6a3a Ha Jieia Ha MaJlKkuTe gpeiimose.
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®@ur. 19. Tecr 3 — Equanuna onaiika 1 Tpaduk ChC CMECeHa rojieMHUHa Ha (petima
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@ur. 20. OnpenensHe Ha TETIOTO 32 MATKUTE U TOIeMUTE GpperiMoBe
¢ momornra Ha ¢popmynute (1) u (2)
BxopsmuTe omamkm OT mo-Manku (ppeliMoBe Moy4daBaT Terjia MO-TOJIEMH OT TEe3M Ha
BXOJIAIIUTE OMamku ¢ roinemu QpeiimoBe. ToBa Boam 0 yeqHAKBSIBaHE HA MPOITYCKATEIHATA
CIIOCOOHOCT Ha pa3IUYHUTE BXOMAIIM OMNAIIK{A, KaTo 10 TO3W HAa4YyWH C€ TapaHTHpa
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,»,CIIPaBEUTMBOCT"® 32 BCUYKH BXOJSIIM OIAIIKH, HE3aBUCUMO OT CpeAHHs pa3mep Ha (perima Ha
BCSIKA €JTHA OT THX.

®opmymna (1) ce oTHacs 3a moTonm OT Tpaduk ¢ PpeliMmoBe mo-mManku ot 146 Gaiita, kpaeTo X
€ cpeeH pa3Mmep Ha ¢peiima, a f(X) e paznpenenenoro termno. @opmyna (2) ce oTHACS 3a MOTOIU
Tpaduk c ¢ppeiimoBe no-rosiemMu ot 146 Gaiita. Tazu rosemuHa ot 146 GaiiTa € oropHa TOYKa, KOSTO
OCHUTYpsiIBa Hali-MaJIKO OTKJIIOHCHHE OT OpWUTHHAIIHATA KPHBAa U MaKCUMHU3HPA ,,CIIPABEIITMBOCTTA™,
ype3 U3MOJ3BaHE Ha JuHeiHus Meton. Ha d¢urypa 20 ca Bu3yanusupaHu pe3yiaTaTHUTE OT
(GyHKIMUTE 32 ONpeeNssHe Ha TETJI0TO 3a MAJIKHM U rojieMu (peiiMoBe 1Mo oTHOIIEHHE Ha OGa3oBaTa
muaust ot Tectl. @opmynute ca H3BEIACHH, W3MOJI3BAWKH JIMHEEH METOJ, MPUIOKEH BBPXY
pe3ynratute oT 0a30BUS EKCIIEPUMEHT.

f(x) = -0,008x+2,276 (1)
f(x) = -8,555.10-5x+1,106 )

ANTOPUTHMBT 3all0uBa ¢ M3YNCTBAHE HA CTATHCTUKHUTE 3a Tpadmuka, ciiea chOupaHe Ha
CTaTUCTHKA 32 €JHA MUHYTa ¥ OTHOBO TOJIy4aBaHE HAa CTATUCTUKHU. TOBa OCHTypsiBa MOJy4yaBaHe Ha
CpeaHa CTOMHOCT 3a Opost Ha (peliMoBeTe 3a BCSIKA KaTeropus pazmep 3a eana MmuHyta. Cien ToBa
AITOPUTHMBT M3YMCIISABA 3@ BCSAKA TPyIa OTHOIICHUE HA TETJIOTO KbM OOIIOTO TErjio, 0a3upaHo Ha
Oposi Ha (peiiMOBe BBB BCSAKA Ipyla W CTOWHOCTTA Ha ,,CIIPABEAIMBOTO TErJIO, MOJYUYCHO Upe3
dopmynu (1) u (2). Ako pasmepsT e 146 Oaiita Wiam mo-manbK, ce u3noi3pa ¢opmyna (1), B
MIPOTUBEH CITy4aid ce u3noisBa ¢popmyna (2). Hakpast 001moTo Terio ce yMHOX,aBa Mo MaKCHMAaTHHUS
pa3smep Ha (peiiM M TErJIOTO ce 3aJaBa 3a BCsKa BXOJSINA Omamika B koMmyraropa. [1o Bpeme Ha
CIIeBAIIMS IIMKBJI Ha paslpeelieHNe BCsIKa BXOAAIIA ONaIlKa ce pasnpenens, 0a3upaHa Ha HOBOTO
TETrJI0, KOETO € U3YHCIICHO.

3a na ce oneHu edexThT OT paborara Ha DRR-AWC, ce m3mBJIHABAT NMPEIUIIHUTE OIUATH
BEeIHBXK CbC craHgaptHus DRR anroputbm u BTOpu mbT ¢ MoAuUIUpaHHs alropuThM. 3a
OLIEHSIBaHE Ha MONOOPEHMETO Ha ,,CIPABEIIMBOCTTA™ CE€ M3IOI3Ba HHICKCHT 3a CIPABEIIMBOCT Ha
Jhxeiin (Jain’s Fairness Index) - dopmyna (3). JFI uzuncisBa cToRHOCTTa Ha ,,CIIPABEAIMBOCT™ OT
enHo BbpXy N, kpaeto N e OposT Ha motpeburenute a0 1, kpaero 1 e Haii-cpaBemmso [9]:

N x)2
J = ey ®)

n'Z?=1 Xi2

KBIACTO X € MMPOITyCKaTejIHaTa CIIOCOOHOCT Ha JaJdcHa OoIanika, an € 6pO$IT Ha BXOOAIIUTC OITalllKH.
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®@ur. 21. CpaBHenue Ha ,,cripaBeanuBocTTa’ Mexxry DRR 1 DRR-AWC

Ha ¢urypa 21 ca Busyanusupanu pesyiratutre oT To3u aHanu3. Cteiabosere, o3HayeHu ¢ DRR,
npencrasisBaTr JFI, korato komyratopsT pabotu cbc crangapreH DRR anropurem 3a
pasnpenenenue. CrpaboBere, o3HaueHu ¢ DRR-AWC, e u3umcnenata crnpaBeJIMBOCT, KOTATO
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KOMYTaTOpBT paboTH ¢ MOAM(UIMPAHHUS AITOPUTHM 3a pasmpenesieHne. Moxe na ce HampaBH
W3BOJ, Y€ ,,CIIPABEIMBOCTTA HApACTBa 3HAYUTEIHO B HAKOM Cllydad OT 1mo-Manko oT 0,985 no Hazg
0,999. JFI cnara ygmapeHue BBbPXY HEIOCTWra, Taka Y€ CTOMHOCTUTE HE CE€ pa3jinyaBaT MHOIO B
nenusi 00xBar Ha uHAEKca, a camo oT 0,985 mo 0,999, koero B peanHH YCIOBHUS MPEICTaBISABA
nmogoOpeHue B MPOITycKaTesIHaTa CocoOHOCT OT moutH 33%.

3akjarouyeHue

C M3M0J3BaHETO HA HWHTETPUPAHUTE MPEKU AaHAJIU3bT HA MPOU3BOJIUTEIHOCTTA, PA3TUUYHUTE
KJIacoBe TpauK M MPOTOKOJIM, KOMOMHHUPAHU B €HA WHTErpUpaHa apXUTEKTypa, cTaBa BCeE IO-
HeoOxoauM. M3non3Baiiku BucokockopoctHa Ethernet Mpeka B IeHTBp 3a JaHHU, TOBa H3CIICABAHE
pasriiexaa BIUSHUETO BBbPXY MPOU3BOJUTENHOCTTA HA JBa U HA TPH Kiaca TpaduK, CHOIEISIIN
€/1Ha U Chla cpefa.

[Tpu npoBereHUTE EKCIIEPUMEHTH B Ta3u pa3paboTKa ce CTUTHA JI0 CICTHUTE U3BOJIN:

- BuusHuero Ha 3apbCTBaHETO Bapupa IpHU pasIMYHUTE KiacoBe Tpaduk. [IByrmocouynute
KJacoBe TpaduK ca MO-MAJKO 3aCEerHaTH OT 3aJPBCTBAHETO, OTKOJKOTO €IHOIOCOYHUTE
KJ1acoBe. JIByIoco4HUTE KJacoBe TpauK M3MOI3BAT Mpexara Mo-e)eKTUBHO, OCOOEHO B
ciydass Ha iSCSI Read, 3amoro mo-ronsimara 4act OT Tpaduka ce BpbIIa IO MO-MAaJIKO
3aJJpbCTEHATa I0COKA Ha MpeXKara.

- be3 nanmmunero na PFC, MPI cucremute pasunrtar Ha TCP pamkupanero (windowing) u
IperpesaBaHe 3a KOHTPOJI Ha MOTOLMTE, KOUTO Ch3/laBaT MHOI'O HEPAaBHOMEPHU pe3yaTaTu
B JIATEHTHOCTTa IpU BapupaHe Ha pa3mepa Ha cboOuieHusta. [Ipu akruBupane Ha PFC
obllaTta JATEHTHOCT HaMajsiBa M CTaBa MHOIO cCTa0MjHA INpPU BCUYKU pa3MepH Ha
ChOOIIEHHSITA.

- DRR-AWC He e MHOro Mo-CJI0KEH OT ChIIECTBYBALIMS aIrOPUTHM 3a paslpesieieHue, HO
aKTHUBHO CJIEJM TIOTOLUMTE TpadUK U HACTPOIBa TErjara Ha OMAIIKUTE, 32 Ja MAaKCUMHU3UPa
“cripaBeyiBOCTTa”. Upe3 HampaBeHuTe TecToBe M u3uucieHus Ha JFI ce nokasa, ye To3u
anroputbM € mno-epexktuBeH oT DRR. Buenpsanero DRR-AWC B cbBpeMeHHUTE
KOMYTaTopu He OW H3MCKBAJO TOJIEMHM WHBECTULUH M OM JOBENO 10 yBEIMYEHHE Ha
MIPOU3BOJIUTEIIHOCTTAa UM IIPU MaJIKU HakeTH ¢ 10 33%.

Jlureparypa

[1] Hagen M., E. Varki, "Fiber channel arbitrated loop-performance analysis of loop tenancy
overhead," in Networking, Architecture, and Storage, 2008. NAS'08. International Conference on,
pp. 225-232, IEEE, 2008.

[2] Feuser O., A. Wenzel, "On the effects of the IEEE 802.3x Flow control in full-duplex
Ethernet lans,” in Local Computer Networks, 1999. LCN'99. Conference on, pp. 160-161, IEEE,
1999.

[3] Bestler C., L. Coene, "Applicability of Remote Direct Memory Access Protocol (RDMA) and
Direct Data Placement (DDP)" tech. rep., RFC 5045, October,2007.

[4] Pinkerton J., E. Deleganes, "Direct Data Placement Protocol (DDP)/Remote Direct Memory
Access Protocol (RDMAP) Security", Self, 2007.

[5] Recio R., P. Culley, B. Metzler, D. Garcia, J. Hilland, "A remote direct memory access
protocol speciation”, 2007.

[6] Romanow A., J. Mogul, T. Talpey, S. Bailey, "Remote Direct Memory Access(RDMA) over
IP Problem Statement," The Internet Society, 2005.

[7] Bailey S., T. Talpey, "The architecture of direct data placement (ddp) and remote direct
memory access (rdma) on internet protocols”, Architecture, 2005.

KOMIIOTHEPHY HAYKU U TEXHOJIOTUH 1 2017  Computer Science and Technologies 38



[8] Shah H., J. Pinkerton, R. Recio, P. Culley, "Direct data placement over reliable transports™
tech. rep., IETF Internet-draft draft-ietf-rddp-ddp-04.(work in progress), 2005.

[9] JainR., D. Chiu, W. Hawe, A quantitative measure of fairness and discrimination for resource
allocation in shared computer system. Eastern Research Laboratory, Digital Equipment
Corporation, 1984.

[10] Hagen M., “Fairness in a data center”, University of New Hampshire Durham, NH, USA,
2012

3a KOHTAKTH.

Hesa Croes

karenpa ,, iHpopMaIimoHHN TEXHOIOTHH
BBMY “H. 1. Bariapos*

E-mail: dean@vizicomp.com

I-p “ABop leues

karenpa ,, iHpopmarmonHu TeXHonornn”
BBMY “H. 1. Banuapos*

E-mail: dechco99@yahoo.com

< IEEE

Bulgaria
Communications
Chapter

KOMIIOTHEPHY HAYKU U TEXHOJIOTUH 1 2017  Computer Science and Technologies 39



EJIVUH BAPUAHT 3A UHUIIUAJIM3ALIUA HA
MAPHIPYTU3ATOP 3A MPP KOMIIIOTPHU C DLH MPEKOBA
TOIIOJOI'UsA

Munen I'. Adreinos

Pe3tome: M3cienBaHusATa HA MHOTO aBTOPH Ca MOCBETEHH Ha HAACKAHOCTTA, OTKA30yCTOMYHMBOCTTA U
BB3MOXKHOCTTa 3a PEKOH(UTypHpaHe Ha KOMYHHUKAIMOHHUTE MPEXKH TMPH MapaCTHUTE KOMITIOTPH.
MapuipyTH3aTopuTe, KOUTO CE SIBSIBAT €JHU OT OCHOBHHTE (DYHKI[MOHAIHH BH3IU B MYJITHIPOLECCOPHHUTE
CHCTEMH, UTPAsIT KIFOUOBA POJIS 38 PEaTM3UPAHETO Ha TE3HM KauecTBa. B Ta3u Bpb3Ka HACTOSIIHMSATA CTATUS
pasmiiexaa WHUIMaIM3auaTa B equH mapmpyrtusarop ¢ Virtual Cut-Through ympaenenue Ha moToka,
npeaHasHavdeH 3a Mmyntukommotpu ¢ Double-Loop Hypercube mpexosa Tomosorus. IIpeaioxken € BapuanT
3a M3rpaXaaHe Ha OJIOK 3a WHUIMATH3AIKS 1 Ha HErOBHUsI aITOPUTHM 3a paboTa.

KarouoBn aymm: Mapmpyruzatop, Muummanmsanus, Virtual Cut-Through(VCT), Flow Control Digit

(pnr)

A Variant for Initialization of a Router for MPP Computers with DLH Network Topology
Milen G. Angelov

Abstract: Much research has been dedicated to the reliability, fault tolerance and reconfigurability of
parallel computer communication networks. Routers, some of the fundamental functional nodes in
multiprocessor systems, play a critical role in realizing these goals. In this context, this paper focuses on flow
initialization in a router with virtual cut-through control within a supercomputer network with a Double-
Loop Hypercube topology. A method for designing such an initialization block is proposed along with its
operating algorithm.

Keywords: Router, Initialization, Virtual Cut-Through (VCT), Flow Control Digit (flit)

1. YBox

Wunnuanuszanyara Ha MaplIpyTH3aTOpPHUTE, W3MOJA3BaHU IPU M3rPakJIaHETO Ha MapaielIHu
KOMITIOTPH, € HEOOXOAWM M BakeH mpoiiec. Ts ce peann3mpa B ONpPENEICHH MOMEHTH BpeMe OT
TAXHaTa paboTa Mopaau pa3InyHU NMpUUMHHU. HAKom OT TIX ca: MbpBOHAYAIHO CTAapTUpaHE Ha
KOMITIOTBPHATA CHCTEMa, PEKOH(PUTYpUpaHE Ha MpEKOoBaTa TOIOJIOTHS, M3KIIOUYBAHE Ha BB3IIU
Mopajii PerucTpupaHu npoOieMu, Hampumep AeGeKTHpalud BB3JIM WM JMHUU 32 Bpb3Ka U p.
[IporiechT Ha WHUNMAIHM3AIMS € TSICHO CBBP3aH C apXHTEKTypara Ha MapIIpyTH3aTopa, C
U3I0NI3BaHUTE OJIOKOBE 3a ()OpMHUpPAHE HA JIAHHOBUTE IBTHILNA, KAKTO U C TAXHOTO YIPaBICHHE.
[Topany Te3u 3aBUCHMOCTH 32 OCHOBA Ha NMPEIUIOKECHUS BapHaHT 33 MHUIMAIM3ANMNS Ce M3IOI3Ba
cTpykTypara Ha Mapuipytuzatop ¢ Cut-Througt ynpasnenue Ha motoka [3]. Ha tasu 6asa ca
ONMCaHW OTAeNHUTEe (a3d OT WHUIUAIU3AIUATA Ha TO3M MAapUIPyTHU3aTOp, CBBP3aHU C
HeoOXoaAuMaTa JIeTalau3anus OTHOCHO PETUCTPH ChC CIELUANHO MpeJAHa3HaYeHue, YIpaBisBally
aBTOMATH U TEXHHUTE CHTHAIIH.

Ha ¢urypa 1 e mnokazana oOoOmeHarta OJIokoBa cxeMa Ha MapIIpyTH3aTop 3a
MYJITUKOMIIOTHP ChC CIEAHUTE XapaKTePUCTUKH: 12 nBymocouHu KaHama ¢ mupuHa 40 Owura,
BXOJHHU Oy(epu, BCEKH OT KOUTO mputexana myn ¢ oceM FIFO omamkwu [4], apOuTpaxk mpu Bceku
OT W3XOJHWTE KaHAIW, U3MOJ3BaHe HA MUHUMAITHA aJIalITHBHA MapIIpyTH3aluWs, aJanTHpaHa KbM
DLH mpexora tononorus [7]. OcHoBHUTE (pyHKITMOHAIHU OJIOKOBE Ha cxemara ot ¢urypa 1 ca:

- INITIALIZER: bnok 3a uHunmanu3anus Ha MapuipyTu3aTopa. bioksT € cBbp3aH KbM XOCT
Ipolecopa upe3 JaHHOBUTE JIMHUM Ha BXOJIHUS KaHaJ KbM COOCTBEHUS BB3EI;
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- SWITCH: Crossbar komyrarop. Jlornuecka KoMOWHAI[MOHHA CXEMa, CBbP3Ballla BXOIHHUTE
KaHaJIM C U3XOJUTE Ha MapupyTu3aTopa [2];

- INPUT UNIT: Enunr TakbB 0JIOK 00€IMHSIBA CHBKYITHOCT OT B3aUMOCBBP3aHU MOJIYIIH,
KOUTO peain3upar MPUEMAHETO Ha JaHHU M YIPABJICHUETO HA eAuH BXojaeH kaHai [1, 2]. Biokbt
BKJIIOUBA: BXOJIeH Oydep ¢ HEroBus MyJl OT OCEM OMAIlKH, YIPaBIsSBalUTE aBTOMAaTU Ha Oydepa u
Ha BCSKA OT ONAIIKHUTE [ 8], JIOTHYECKU CXeMH, BXOTHO/M3X0aHH Oydepu 3a CUTHAIM | JIp.;

> “INT " to HOST
> INITIALIZER INIT_OK
Own Channel IN [ |... + Own Channel OUT 5
FIFO 1 SWITCH Output aa_,
Data > : . Register
INPUT [ FIFO8 »| LINK Control
UNIT 1 LINK CONTROL
———— and || 4 OUTPUT
Control BUFFER UNIT 1
CONTROL
FIFO 1
Data : . Header| Output Data
: . Flit | Register
INPUT FIFO 8 Modify LINK N
UNIT2 | LINK > Block |coNTROL |_C0ntro!
—— and
Control BUFFER | T OUTPUT
—*|CONTROL : . UNIT 2
. M 11
: | T . . 11 .
. 1 : 11 :
. 1 11 :
| | | | *
FIFO 1
Data : : Header| Output Data >
INPUTV : . Flit | Register
FIFO 8 Modify LINK
UNIT 12| LINK Y » Block CONTROL Control
<« and <
Control _| BUFFER + outpuT
> CONTROL Crossbar ] ouNiTa2
Y Control
A A 4 4 A A\ A 2 4

ROUTING and ARBITRATION UNIT

@ur. 1. O6001meHaTa 6JI0KOBA CXeMa Ha MapLIpyTU3aTOP 32 MYJITUKOMITIOTHD

- OUTPUT UNIT: To3u 610K chIo o0enuHsSBa CHBKYITHOCT OT B3aUMOCBBP3aHU MOJYIIH,
KOWTO peau3upar MpeaBaHeTo Ha JaHHHU M YIIPABJICHHETO 3a eIWH M3XojeH KaHan [1, 2]. B Hero
ca BKJIIOUEHUH: W3XOJIEH PErucThp, JIOTMYECKH OJIOK 3a MojauduipaHe Ha 3arjiaBHUA QuuT (C
m3kimoyenne Ha OUTPUT UNIT 3a coOcTBeHHsT M3XOZEH KaHal), yOpapisBall aBTOMaT Ha
M3XOJIHHSI KaHaJ M HETOBHS apOuThp [5], TOrHUecKn cXeMu, BXOHO/U3XO0HH Oy(depH 3a CUTHAIH U
Ap-;

- ROUTING and ARBITRATION UNIT: bioksT peanu3upa pa3npeaeicHUETO Ha BXOI0BETE
U U3XO/IUTE cie]l ycnenieH apoutpax [5]. BkitouBa BXOTHU U U3XOAHU apOUTPH;

- Curnamu: Bpb3kure Mexay oTAenHHUTE OJOKOBE ca IMOKa3aHW 4Ype3 JBa THUMA HIMHH:
JAHHOBM JIMHUHU U yTpaBisiBaiy JuHuM. [lopanu cioxHocTTa MOAPOOHOTO ONMMCAaHUE HA CUTHAJIUTE
He ¢ Busyaiau3upano. CaMuTe CHTHAJIM ca MOAPOOHO OMHMCaHHW Ha ChOTBETHUTE MecTta B [5, 6, 8].
M3non3BaHuAT HAYMH 32 U300pa3sBaHe €: TpyNHUTe JAHHOBH JIMHUU Ca O3HAYEHU C J1e0enu JINHUH, a
TPYNUTE YIPABISBAIIN JTUHUA - C TO-THHKH JIMHUH. CTPENKATE Ha JIMHUHUTE MTOKa3BaT TIOCOKUTE Ha
TpaHcdep Ha JTaHHOBUTE M BB3JICHCTBHETO HA YNpaBisBaIluTe JUHUU. KOHKpeTHHTE CHUTHAIM 3a
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CBBP3BaHE HAa U3XOJCH KaHal C BXOJEH Oydep Ha Ba CbCEAHM MapLIPYTH3aTOpa OT €1Ha CUCTEMA,
IIPUTEKABALIY ONIMCaHaTa [0-rope apXUTEKTypa, ca OHUCaHu B [6)].

OcHoBHaTa ujesd € MHULUAIN3aLuATa Ha €IMH MapIIpyTU3aTop Ja MOXKE J]a C€ U3BbpIIBA B
IIPOM3BOJHM MOMEHTHU OT BPEME, HE3aBUCUMO OT HETOBOTO TEKYILO CHCTOSHHUE U HE3aBUCHUMO OT
ChCTOSIHUETO Ha MapLIPyTU3aTOPUTE B OCTAHAINUTE BH3JIU.

2. 00110 32 0/10KA 32 HHULMAJTU3ALNA

brnokbT 3a MHUIManNM3alMs € IpelHa3HaueH 3a KOHQUIypUpaHEe IIOBEJEHHUETO Ha
MapuipyTu3aropa 3a KOHKpPETHaTa MpEeXXOBa TOIOJOTMS M 3a CleJBallld PEeKOH(pUIypanuu B
CIIEZICTBUE Ha IOCIE/ABAIM TPOMEHH, CBBP3aHM C YCIOBHUATA 1O Bpeme Ha pabora. Toil nama
BB3MOKHOCT 3a 3allliC U CbXpPaHSABaHE Ha YIpaBJsABalld OMTOBE U IOJIETa, KOUTO Bb3JEHCTBAT
BBpXy paboTara Ha Mapuipytusaropa. IIbpBOHAYaTHO BCEKHM XOCT IPOLECOp Ha €AMH BbH3eEl
OOMKHOBEHO IOJlyyaBa KOH(UI'ypalMOHHa HMH(pOpMalMs Npe3 HAKAKbB BXOAHO/M3XOJEH KaHall.
OcBeH TOBa, MO BpeMe Ha paboTara Ha CUCTEMaTa KbM XOCTOBETE MOXE Jla C€ M3MpaIlaT HOBU
KOHUrypauuu ¢ HopMmaiHu naketu. Llenta e upe3 pekoH¢urypupase na ce 3amasu LIOCTHATa
cTabmHOCT B paboTara Ha CHUCTEMaTa, Karo Ce€ CMUMHHHPAT JePEeKTHPAIA BB3IM M KaHAIW.
Pazbupa ce, cucremara Tpsi6Ba J1a € CBbp3aHa B OTKAa30yCTOWYMBA MpeXka.

Wunnuanu3anuara Ha €IWH MapIIpyTH3aTOp 3all0uBa C YCTAHOBSIBAHE Ha aKTUBHO BHCOKO
HuBo Ha curHana INIT=HIGH, koiito ce dopmupa or xocT mporecopa Ha Bb3ena (IOKa3aH Ha
¢urypal, purypa 3). Jlanaurte ce mpemaBaT mpe3 KaHajda Ha COOCTBEHHsS Bb3el. YTPaBIISBAIIUTES
JIYMH Ce€ 3alliCBaT B PETUCTPU 32 BPEMEHHO ChXpaHsBaHE, 3a Jla HE Ce HapyllaT Beue 3allOYHaTH
TpaHchepu Ha makeTH. Beska He3amodHanma MapumipyTH3anus Ha HOPMaJeH TakeT OT MOMEHTa Ha
aktuBupane Ha curHana INIT ce 3agbpika. [lakerute, uniiTo TpaHcdep € 3amoyHal, NPObIKaBAT
Ja ce mpeaaBaT KbM TeXHUTE moiydarenn. XocT mporecopsT 3aabpxka INIT=HIGH no kpas na
MHULIMAIM3aluATa. BIokbT 3a MHMLMAnu3anus 3a0paHsaBa BCUUKHU BXOJHHU M M3XOAHU Oydepu Ha
Mmapiipytu3aropa upe3 curHaia PORT_DIS (mokasan na ¢urypa 3), mokaro Tpae mporechT Ha
3apeKJaHe Ha YIpPaBJsABaIlUTE AYMH OT PErMCTPUTE 33 BPEMEHHO ChXpaHsSBAaHE B ChOTBETHHUTE
KOH(HUTyparmoHHH perucTpu. KpasT Ha MHHIMANM3anusaTa ce MOTBBPXkK/AaBa KbM XOCT IpoIecopa
upe3 curHaia INIT_OK=HIGH (moka3zan Ha ¢urypal, ¢urypa 3). Pa3pemaBat ce BXOJHHUTE U
mxonHute Oydepu Ha wapmpytuzatopa. TpaHcdepbT Ha TaKeTH MPOABIHKABA C HOBHUTE
napameTpH.

3. ApxuTeKTypa Ha 0JI0Ka 32 HHUIHAJIN3ALUS

ApxuTekTyparta Ha MpeanoKeHus: OJI0K 3a MHUIMANU3allus € moka3aHa Ha ¢urypa 3(a). Tou
CE ChCTOH OT:
- OWN_ADDRESS_RG: 32-6utoB peructsp, B KoiiTo 0T [D2g..Do] ce 3ammcBa cobctBenus 21-
ouroB agpec OWN_ADR na BB3ena ot DLH mpexara. @opMaTsT Ha TO3M ajgpec € MmokazaH Ha
¢urypa 2. Ocrananure 11 Outa, oT [D3;..D21] MoraT na ce m3nmomsBaT 3a OBACHIM PA3LUIUPEHUS.
[ToxpoOHO onMcaHue 3a OTACITHUTE MOJIETa Ha ajipeca MOXe Ja ce HaMmepH B [4];

31 21 20 19 8 7 0
FREE |E|| DL_Network HYPERCUBE| OWN_ADDRESS_RG

@ur. 2. Dopmar Ha ajapeca

- TMP_RG 1 u TMP_RG 2: I'pyna ot aBa 6pos 32-OMTOBH pEerucTpu 3a BpEMEHHO ChbXpaHsIBaHE
Ha HH(pOpMAaIITa 32 MHUIIHATH3AIINS;
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- MASK_RG: 32 6uToB peructsp, B KOWTO CE€ 3amrcBaT OMTOBETE, pas3pemiaBaniyd padborara Ha
Mapuipytusaropa. PeructepsT e pasgeneH Ha cneauure noiera: INPUT_MASK — 12 Gura, ot
[D11..Do], napeuenn IN_BUFF_DIS[n], n=1..12, upe3 KOUTO UHAUBUAYAIHO CE paspelaBa WIn Ce
3a0bpaHsiBa paboTara Ha BcekH BxoJeH KaHan. WunuBuayamuute ¢aarose IN_BUFF_DIS ce
rmoJaBaT KbM CHOTBETHHUTE YIpaBisBailyd aBTromaTd Ha BXoguute Oydepu; OUTPUT_MASK — 12
outa, ot [Da3..D12] Hapedenu CHAN_DIS[n], n=1..12, upe3 KOUTO MHIMBHIYAIHO CE€ pa3periaBa
uu ce 3abpaHsBa paborara Ha Bceku u3xojneH kaHail. ManuBuayannute diaarose CHAN_DIS ce
M0/IaBaT KbM CHOTBETHUTE YIIPABJISIBAINA ABTOMATH HA U3XOJHUTE KaHamu; 8§ 6uta, ot [Ds1..Das] 32
Oopaemu npomern u pasmupenus. [Tonerara INPUT_MASK u OUTPUT_MASK He ca moka3zaHu
Ha ¢urypa 3(a);

- DMUX: nemynrumiekcop, upe3 koiro peructpure TMP_RG 1 u TMP_RG 2 ce komyTupar kbM
BXO/J1a 32 COOCTBEHHS Bb3€J HAa MaPIIPYTH3ATOPA;

- Jloruka u ynpasiieHHe.

D% TMP.RG1 [™"] OWN_ADDR RG j—b
32
OWN_DATA_|N s 'S OWN_ADDR
X% tvpRrG2 [T  MASKRG |—b

EXT_CLK — 9 Q MASK
INIT & OWN_ADDRESS
INIT_EN — TRSF ¢——

L | RST CHAN_INIT(1...N)m===p |\|T IN_BUFF_DIS(L.N)

o | |H STATE [
0_’:: I— | INIT_EN b0 TR_STS BUFF_INIT(1...N) sy | MASHINE CHAN_DIS(L..N)
CLR_INIT ol ' R AND

1 RST— CONTROL [—INIT_EN
::D: | INT_CLK———» ——— PORT_DIS
RST —_O_I INIT———»! —— INIT_OK
> TRSF

TR_STS———»|
I CLRINIT

®@ur. 3 (a) ®@ur. 3 (0)

Ha c¢urypa 3(6) e mokasan ymnpaBisBalIusT aBTOMAT Ha OJIOKa 3a HMHULMAIH3AIUS.
[IpenHa3sHaueHNETO HA HETOBUTE BXOJIHHU M U3XOJHH CUTHAIIN € KaKTO CIIE/IBa:
RST: BxosneH acMHXpOHEH CHTHAJI 32 HAYaJIHO YCTAaHOBSBaHE Ha MapuipyTu3aTtopa. ['enepupa ce ot
XOCT MPOIEcOpa Ha Bb3eJia, KOUTO 00CITyXBa MapIIpyTH3aTOPa;
INT_CLK: BxoneH TakToB CUI'HAJ 3a MapLIpyTH3aTopa, 0 KOWTO c€ CHHXpPOHU3Mpa padoTaTa Ha
BCHYKH (D)YHKIIMOHATIHH BH3JIM U HAa BXOJIHUTE CUTHAJIIM 32 YIpaBJICHUE Ha MOTOKA. [ 'eHepupa ce oT
JIOKAJTHUSL Bb3€J, KOUTO 00CIyKBa MapIIpyTH3aTOPa;
INIT: Bxonen curnain, renepupa ce OT XOCT IIpoLecopa Ha Bb3ela U CIY’KU 3a WHULMAIU3AIMS Ha
MapuIpyTHU3aTopa cbC CTOMHOCTH 3a PETMCTPH U (JIarose;
TR_STS: BeTpemien curaai, moka3pa Kpai Ha 3amuca B MeXJIMHHUTE PETUCTPH;
CHAN_INIT: BeTpernien curnan 3a MapiipyTu3aTopa, HHAMLIKPALL, Y€ BCHUKH U3XOJHU KaHAIU ca
HEaKTHBHH, KBJICTO:
CHAN_INIT=N(CHAN_INIT[n]), n=1..12; Bceku ot curnanure CHAN_INIT[n] ce dopmupa ot
yIpaBIIsBAIIKsI aBTOMAT Ha ChOTBETHHSI M3XO0/ICH KaHall, Korato ce Hamupa B ceerostaue SO (Init);
BUFF_INIT: Bbrpemen curaan, nHAMLIMPALL, Y€ BCHYKH BXOTHHU Oy(depH ca HEaKTUBHHU.
BUFF_INIT=N(BUFF_INIT[n]), n=1..12; Bceku ot curnaaure BUFF_INIT[n] ce ¢dopmupa ot
yIIpaBJIsIBALMS aBTOMAT Ha CHOTBETHHS BXOJIeH OydepH, korato ce Hamupa B cberosiaue SO (Init);
OWN_DATA _IN: Bxoxuau naraoBu curHaimu [Ds;..Dg] oT coOcTBeHMS KaHa;
EXT_CLK: Bxozaen curnai, upe3 KOWTO cTaBa 3amuc Ha MH(OpMAIHs B perUCTpUTe Ha OJOKa 3a
WHUIHAIH3AMS Ha MapmpyTu3aropa. [ eHeprpa ce oT COOCTBEHUS H3XO/IeH KaHall Ha Bbh3ela;
OWN_ADDRESS: Curnanute ca noka3anu Ha ¢urypa 3;
IN_BUFF_DIS[n]: UuauBuayanta 3abpana paborata Ha BCEKH OT BXOJHUTE Oydepu;
CHAN_DIS[n]: UuauBunyanHa 3a0paHa paboTaTa Ha BCEKH OT U3XOJHUTE KaHAIIH,
INIT_EN: PazpemaBa 3anuca B MEXXIMHHUTE PETUCTPH NPU MHULIMATU3ALUS;
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INIT_OK: ITorBbprk1aBa Kpaii Ha HHALIMATH3AIUSA KM XOCT MPOIIecopa;
PORT_DIS: 3a6pansiBa BpeMeHHO BCUYKH BXOAHU Oydepn M M3XOIHU KaHAIM, KaKTO U (a3ara Ha
MapuIpyTU3alus, TOKaTo Tpae mpoleca Ha MHUIHATN3AIsITa Ha PETUCTPUTE U (IIaroBe;
TRSF: 3apexna undopmMaiusaTa OT perucTpuTe 3a BPEMEHHO ChXpaHsSBaHE B KOH(PHUTYpAIMOHHUTE
perucTpu;
CLR_INIT: Hynupa tpurepure B 0;10Ka 32 HHALIUAIN3AIUS.

TpsiOBa na ce mogyeprae, 4e U3XOJAHUTE CUTHAJIM, MIOKa3aHu Ha cxemaTa oT ®dur.3(0), TpsOsa
Jla BIUSAT BBPXY paboTara Ha aBTOMATHTE HAa BCUYKM BXOJHHM Oydepu W Ha BCUYKH U3XOIHU
KaHAIM Ha Mapupyrtu3atopa. OmnmcaHusiTa HAa TE3W aBTOMATH HE ca NpEJAMET Ha HacTosIIara
pabora.

4. YupasjeHue Ha 0JI0Ka 32 HHUIMATIU3AIMUS

Ha ¢urypa 4 e mamen rpadbT Ha CBCTOSHUSATa Ha aBTOMAaTa, yIMpaBisBall OJOKa 3a
uHUIManu3anusa. CbCTOSHUATA, TEHEPUPAHUTE B TSAX CUTHAIN U Bb3MOXKHUTE NIPEXOJIH, ca:

WAIT WAIT WAIT
TR_ST

RST \S_O/ INIT S1 STS S2 ) PORT_DIS
INIT_EN
CLR_INIT PORT_DIS

PORT_DIS -
CHAN_INIT A
INIT BUFF_INIT

PORT_DIS
INIT_OK
TRSF

CLR_INIT

WAIT

@ur. 4. ['pad Ha CbCTOSHUSTA HA aBTOMATA, YIPABIABAI OJIOKA 32 MHUITUATU3AINS

S0: Hagamno cecrostaue (Reset). M3napar ce curnanute PORT_DIS u CLR_INIT. B wero ce Bmu3a
clie]] HaualHO yCTaHOBsiBaHE upe3 curnana RST.

S0 — S1: MapmpyTu3aTopbT BJIM3a B Ipoliec Ha mHANHamu3anus cieq RESET,

S1: ITepBo cherosiHue Ha nHummanu3arus (Init_1). Yopasnssamure OUTOBE U TMOJIETa CE 3aMUCBAT
OT XOCTa B PETUCTPUTE 32 BPEMEHHO CBhXpaHsIBaHE B OJOKa 3a MHMIMAnW3anus. ['eHepupar ce
curnanute INIT_EN u PORT_DIS.

S1 — S2: MapmpyTu3aTopbT € B IPOIIeC Ha HHATIAATH3AIHS.

S2: CwcrosHne Ha oyakBaHe (Wait Chan Transfer). ABToMaThT O4akBa J1a MPUKIIOYAT BCHUKU
3arovHaTH TpaHcdepu Ha makeTH B Mapuipyruszaropa. ['enepupa curaana PORT_DIS.

S2 — S3: MapmpyTu3atopbT € B NpOLEC Ha WHUIMAIU3AIMS, BCHUKU 3all09HATH TpaHcdepHu Ha
MAKeTH Ca TMPUKITFOYNIIH.

S3: Bropo cberosiHue Ha nHunuanmsaius (Init_2). 3anucea ynpaBnsBamnmre OUTOBE OT PETUCTPHUTE
3a BpEMEHHO ChXpaHsiBaHE B KOH(puryparuonHute peructpu. Msmasar ce curnamure PORT_DIS,
INIT_OK u TRSF;

S3 — S4: MapmpyTH3aTopbT € U3IISA3BI OT IpoIeca Ha HHUITHATA3AIIHS,

S4: HeaktuBHo cwcrostaue (ldle). OuakBa ce cneaBama wHUIManu3anus. ['eHepupa curHama
CLR_INIT.

S4 — S1: MapuipyTu3aTopbT BiM3a B IPOLEC HA MOPEIHA HHUIMATH3AIINS.

5. 3aka0uyenue
[IpencraBeHUSAT BapHaHT 32 WHUIIMAIM3AINS € TIPUIIOKUM 332 MapIIPYTU3ATOPH C OIpe/ieieHa

APXUTEKTYpaA, KOATO € INPECACTaBCHA B 1.1. Pemennero 3a WHUIHAJIN3alusa Ha €AUH MapaipyTrusaTop
CC B3€Ma OT XOCT Mpoueccopa Ha Bb3¢CJIa, KOWTO TOM 06CJ’Iy')KBa. baoksT 3a WHUIHUAJIUn3aluAa € OIMMCaH
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JIOCTaThbUHO MOAPOOHO W JlaBa sICHA NpeJCTaBa 3a HEroBUTE (PYHKIMU M YIpaBJIeHHE HA HUBO
perucTpu u curHaiu. BsB Bpb3Ka C pa3rieqaHaTa TeMaTHKA ca HAIPABEHU CIEAHUTE U3BOIU:

eUpe3 wuWHUIMaANM3aAIMs HAa MapIIPyTU3aTOpPUTE C€ TPEJoCTaBs BB3MOXKHOCT  3a
pEeKOH(UTypalrs Ha CUCTEMHAaTa KOMYHHUKAIIMOHHA MpeXa Ha €UH MHapajelieH KOMIIOThD
BbB Bb3MOKHUTE TPAHUIIM HA U3MOJI3BaHATa MPEXKOBA TOMOJIOTHS.

¢ OCHOBHO TpEeIUMCTBO 3a paboTaTta Ha e€JIHa CHUCTEeMa ce sBsSBa BB3MOXKHOCTTA 3a
U3KIJIIOUBaHE Ha J1e()eKTHpaIH Bb3JIU U IMHKOBE OT CUCTEMATa.

e MlHnnmanu3anusara MoXKe Ja ce M3BBpIIBA, 0€3 Ja ce cnupa paboTara Ha CHCTeMara Karo
su10. B Mapumipyruszaropute He ce TyOST MakeTHTe, YMHTO TpaHCcdep € 3armouHasl Hpeau
MOMEHTa Ha HaYaJIOTO HAa MHUIUAIN3AIHSITA.

ellpu noGaBsiHE Ha BB3MOXKHOCT 32 ONTHMHU3AIMS YIPABICHHETO HA 3aXpaHBAHETO 3a
OT/EIHUTE MOJYJIW (HalpuMep WHIUWBUIYAIHO YIPAaBJICHUE HA BXOIHUTE W H3XOJHUTE
3BEHA) MOXKe€E Jla C€ HaMajlu KOHCyMHpaHaTa OT MapuipyTu3aropa eneprus. Enun ot Haii-
JIECHO pealM3yeMHUTE HAuMHU 3a TOBa € Jla C€ MUHUMH3Upa KOHCyMUpaHaTa €HEprus B
MacCKHUpaHUTE MOpaJu HAKAKBU MPUUYMHU BXOJHHU Oydepu u uzxonHu kaHaid. Meroaure 3a
HaMaJIIBaHE Ha KOHCyMHpaHaTa MOIIHOCT OT MaplIpyTu3aropa HE ca IpeaMeT Ha
HacTofIaTa pabora.
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N3CJIEABAHE HA 4G KVIETBYHHU BE3’)KUYHU MPEKU

AnnpH M. XBKb

Pesrome: Taszu cratust pasriexaa TCHICHIIMHUTE Ha PAa3sBUTHE HA KJICThUHHTE OE3KMUYHM Mpexu. IIpes
MTOCJIETHITE TOMAUHY KIECTHYHUTE MPEXKH 10 CBETA CE Pa3BMBaT B mocoka 5G, gokaTo B Beirapus Bce orie ca
aktyanuu 4G texHonoruute. JIOKIamabT MPEACTaBs CPAaBHUTEIHA XapaKTEPUCTHKA 3a Pa3BUTHETO Ha
KIeThuHuTEe Mpexu B EBpomna, CeBepHa AMepuka u brirapust.

KarouoBu nymu: 4G, 5G, KIEThYHH MPEXKH

STUDY OF 4G CELLULAR WIRELESS NETWORKS
Aydan M. Haka

Abstract: This paper consider examines the development trends of cellular networks. In recent years,
cellular networks around the world have grown to 5G, while 4G technologies are still up to date in Bulgaria.
The paper presents comparative features for the development of cellular networks in Europe, North America
and Bulgaria.

Keywords: 4G, 5G, cellular networks

1. PABBUTHUE HA KIETBYHUTE BE3’)KUYHU MPE KU

B nauanoro na 2012r. opranusarusra ITU-R craprupa npoekra ,,IMT-2020 and beyond*
(International Mobile Telecommunication), kosTo menu crapTupaHeTo Ha 5G MpeXHUTE 1O CBETa
npe3 2020r. u cnen tosa. Ilpe3 2013r. EBpomeiickata xomucus momanuca mnpoekra SG-PPP mo
nporpama ,,Horizon 2020, xoiito moakpemns pasButueTo Ha 5G wmpexkure B EBpoma. Ilpes
cenrremBpu 20151, ITU-R punanmsupa Busnsra cu 3a 5G MOOWITHUTE MpPEXKH, KOATO CE M3pa3siBa B
W3MOJI3BaHe Ha TOMBIHUTENIEH CIIEKThP B MOJKpena Ha ObaenieTo pa3sutue Ha IMT.

[IpenumcTBaTa Ha KIETHYHHUTE OE3KUYHU MPEXKH CIIOMaratr 3a MomyjspusupaHero um. Te
3amoyBaT Ja ce pa3BuBaT ¢ BUCOKM TemnoBe B EBpona u CeBepHa Awmepuka. CbriiacHO
nyonmkyBanu nporrosu [1, 2] no 2020r. 6posiT Ha aOOHATUTE, W3MOJI3BAIIM KJICTHUHU OC3KUIHU
TEXHOJIOTHUH, 1l HapacHe, kato aensT Ha LTE mie ce yrpou (durypa 2).
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@ur. 2. [IporuoseH TpeHz 3a 0€3KUYHU MOOMIIHU TEXHOJIOTHH

Cropen [3, 4] no cpemara na 2017r. B EBpona mma 457 MuIHOHA YHHKATHH MOOWIIHU
aboHaTH, KoeTo mpejacTaBisiBa 84% yHHKallHA CBBP3aHOCT Ha HaceleHuero, ¢ moutu 4% Haj
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CeBepna Awmepuka, kpaero kbM toHu 2017r. aGonatute ca Ham 290 mwmmona. Kato ce mma
MpeIBU]l TOBAa HUBO HA pa3BuUTHE, B EBpoma HaOmmkaBa HACUIIIAHETO Ha OOIIHS aipeCHpyeM Imasap,
KOETO OrpaHWYaBa MPOCTPAHCTBOTO 3a OBJCII pacTek Ha abOHATHUTE, KaTo C€ OdYakBa Ja Obaar
nobasenu a0 12 munmona norpedutenu 1o 2020r. ¢ rogumien temn Ha pactex 0.7%. B Cesepna
AMepuKa 3a CBIIMS NEPHOJI C€ OYakBa abOHATHTE Ja HapacHaT ¢ 35 munuona. B Epoma To3m
pacTex ce odakBa Ja 0b/ie ChbCPEIOTOUECH B MO-TOJIEMUTE MOOWIIHU Ta3apH, KbJIETO BCE OIIE HAMA
rojsiMo HacuiaHe. MOOWIHHTE OmMepaTOpu TYK MHBECTHPAT CEPHO3HO Ha pasrpbluanero Ha LTE
Mpexara, koeto noBexxaa A0 4G mokpurtue, HAIXBbPIAMO 95% OT HACENIEHHUETO B HAYAJIOTO HA
2017r., nokato B CeBepHa AMepuka 4G MOKpUTHETO HA HaceleHueTo aoctura 99%.

Pa3BuTHeTo Ha KIeThbUHUTE Mpexu He npukiouBa ¢ 4G texHonoruute. [lapanenno ¢ 4G ce
pasBuBa u 5G crangapthT. OcHOBHATA 1en Ha 5G e ocurypsiBaHe Ha BceoOXBaTHA CBBP3AHOCT HA
BCAKAaKbB BUJ] YCTPOICTBA U MPUIIOKEHHSI, KOUTO MOXKE Jla ca MoJie3HH B Mpekara. OCBEH ToBa Te3u
MPEXH HsMa Jia ce Oa3upaT Ha e/iHa crienu(UIHa TEXHOJIOTHs 32 O€3KUYEH JA0CThII [5].

Crnopen [3] rinobamnoro ycosiBane Ha 5G mie otHeme moBeue Bpeme oT 4G, mopaau mo-
0aBHOTO BHEPSBAaHE Ha MpeXaTra U HECUT'YPHOCTTA B MPENJIOKEHUTE IeHH B cpaBHeHue ¢ LTE.
OcBen TOBa BCe ome HaMma riobanHo aeduaupana crnenudukanus 3a 5G. Croopen [6]
BB3MOXHOCTUTE Ha 5G Mpexute TpsOBa 1a HAIXBBPIAT TE3M HA MPEAUITHUTE IMOKOJICHUS 32
MOOUITHA KOMYHHKAIUsl. Te3d BB3MOXKHOCTH BKIIIOUBAT: MOIIEH CHUCTEMEH KamaluTeT, MHOTO
BHCOKHU JAaHHOBH CKOPOCTH Ha IpelaBaHe, MHOT'O HUCKA JIATEHTHOCT, YATPABHCOKA HAJACKIHOCT U
HAJIMYHOCT, MHOTO HHUCKa IIeHa Ha YCTpOMCTBaTa U MOAOOpeHa eHepruiiHa e(eKTUBHOCT, KaKTO €
nokasaHo Ha Tabnuua 1.

Taoauna 1. M3ucksanus kbM 5G Mpexxure

naa 10Gbps B nomamina cpena, okoao 100Mbps B rpazicka
Ckopoctu U Kpaiirpajcka cpena, ot none 10Mbps moutu HaBcsikbE,
BKJIFOYMTEITHO B CJJA0OOHACETICHUTE CEJICKU PAOHU

oT 1ms 3a mojrbpKaHe Ha KPUTUIHU CIPSIMO

JlaTenTHOCT JJATCHTHOCTTA IMPHJIOKCHUA, KaTO HAIIpAaKTHKA
JJaTCHTHOCTTA MOXEC Ja 6"I)I[e mo-rojisiMa

Bucoka HageX1HOCT U 3ary6aTa Ha CBBP3aHOCT U OTKIIOHCHUCTO OT QOS Tpﬂ6Ba

JOCTBITHOCT Ja 6’I)I[aT N3KIIIOYUTCIIHO PECAKU

MHOro HUCKH pa3xoau 3a
YCTPOWCTBA U €HEpruiiHa
KOHCyMalus

MHOT'O HUCKA IICHA Ha 5G YCTpOﬁCTBaTa 1 MHOI'O ABJIBI'
KHUBOT Ha 6aTep1/mTa OT HAKOJIKO I'OJWHH

B [7] ciopen EBponeiickara komucus 3a 5G KOMYHHKAIHS
B EBpomna mie ce nznonssa auanazona or 700MHz;

cnopen FCC nuamazona or 600MHz moxe n1a ce u3mnoinssa
3a 5G B CAIIL

YecToTeH auamna3oH

Crnopen [8, 9] Tenekom oneparopuTe 1o cBera, a U B EBporna, Bede TeCTBAT MPEKH OT METO
IIOKOJIEHUE, OYakBa ce Te Jga Obaar craprupanu mnpe3 2020r. Egna ot mpuuuHHMTEe 32 0aBHOTO
paszBuTHe Ha 5G cTaHAapTa e, ue HAMa U3rpaJicH eUHEeH CTaHaapT 3a TexHonorusra [9], karo 3GPP
paboTu BBPXY Ch37aBaHETO Ha MbpBUA SG craHAapT, KOWTO ce odakBa ja usnese npe3 2018r. Ilo
BpeMe Ha CTapTHpPAHETO Ha MpEeXHUTe OT nero nokojeHue 4G mpexure e ObAAT aKTyalHU U
IIMPOKO M3MOJ3BaHU, Thil kKato cropen [3] mo 2020r. 4G Bpb3kuTe Iie 3aB3emat 3G, Kato Ime ce
pa3BUBaT M yBelIMuyaBaT 3a ObJEIIO pa3pacTBaHe. ToBa cTaBa SICHO OT (akTa, ye ONepaTopuTe
ChCPEIOTOYABAT MHBECTHIIMUTE CH BBPXY IMO00pSBaHE HA MPOU3BOJUTEITHOCTTA HA MpEXKara.

2. KJVIETBYHUTE MPE’KU B BbJIT'APUSA

Ha 14.07.2016r. FCC onmobpsiBa uectoren ooxsar 3a 5G or 28 GHz, 37GHz, 39GHz, a ot
2017r. EBponeiickata komucus ocBoboxkaaBa 3a 5G yectotHus o0xBat ot 700MHz. Ilpe3 ronu
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2017r. bearapust moakpenu 1miaHa 3a 5G cBwp3aHocT Ha EBpora, criopen KoiTo e ce padotu 3a
OCUTYpSIBAHE Ha PAJMOYECTOTEH CICKTHP 3a Hall-HOBOTO TOKOJeHUe Oexuunu mpexu [10, 11].
[TocTtenennoTo HaBimmu3aHe Ha KoHIenuATa 10T u 5G MpexuTe Kapa TeJIeKOM ONepaTopuTe Ja ce
CTpeMST Jla moao0psBaT cBOMTE Mpeku. ToBa mogoOpsBane m oOHOBsiBaHe B bbirapus oOaue,
CTaBa CpaBHUTENIHO OaBHO, TbH KAaTO W3BBHPIIBAHETO Ha MOJOOpeHHsTa ce JUKTYyBaT OT
u3noi3BaneTo Ha MHTepHeT ycimyrure ot kiuentute. Criope] HarpaBeHaTa eBpocTaTiucTika B [12]
bearapus e Ha efHO OT MOCIEAHUTE MECTa MEXIY AbP)KaBUTE YiIeHKU B EBpomelckus cbio3 MO
OTHOIIICHHE Ha aKTUBHOTO m3noi3Bane Ha MHTepHeT. [lopany Ta3u nmpuunHa TEIEKOM ONEpaTOpUTE
B cTpaHaTa Bce ome noaabpxar 2G u 3G crangapra.

B Boarapust ce pasBuBar u jasata ocHoBHU 4G cranmapra — WiIMAX u LTE. TIpe3 2017r.
Hall-U3BECTHUTE TEJIEKOM J0CTaBYMIM Ha MoOmitHM yciyra ca Vivacom (BTK u Vivatel), Telenor
(GloBul), M-Tel (Mobiltel) u Max (Max Telecom). IIpe3 roguHHTE pa3IHYHH ONEPATOPH KATO
Nexcom bwirapus, Carrier BG, Max, Trans Telecom u M-Tel Bueapssar WiMAX mpexarta kato
npemnosarar, 4e ToBa e nedenumata 4G TEXHOJOTHS U yBEIMYaBaT 3HAYUTEIHO pa3MEpUTE Ha
Te3n Mpexxku. OT Tax eamHcTBeHO Max moanbpika 3a mo-aeisr nepuox WIMAX mpexara, karo
npe3 2015r. npexBopas Bcuuku cBon WIMAX kinuentu kM LTE [13]. Tenekom omeparopure
MMOCTEIIEHHO CE OTKa3BaT OT Ta3W TEXHOJOTHS, Thi KaTO CBETOBHATA TEH/CHIHS € HACOYCHA KBHM
n3non3BaneTo Ha LTE cranaapra.
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@ur. 2. IHTepakTUBHM KapTH Ha pa3NIpOCTPAHEHUE HA TEJIIEKOM oleparopute B bbarapus

MAX craptupa mepBu 4G LTE wmpexa B bearapus mpe3 maii 2014r., xato peanmsupa
nokpurue Ha 60% ot rpaackoro Hacenenue. Ha 1 nexemBpu 2015r. Telenor craptupa cBosita LTE
Mpexxa B decToTHHS crnekThp 1800MHz. IlocnegHuTe TenmekoM omepaTtopw, KOWUTO CTapTUpaT
coure LTE wmpexu, ca Vivacom u M-Tel npe3 2016r. B cpmara romuna LTE mpexara nHa
Vivacom mokpuBa 86.75% ot Hacenenueto [14]. M-Tel peanmsupa nokputre Ha 99.99% oT
HaceneHueto U 99.51% ot tepuropusta Ha crpanata [15]. IIpe3 2017r. LTE mpexara Ha Telenor
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nokpuBa 95% ot marucrpanure, 95% oOT nepBOKIAacHUTE MbTUIA U 77% OT BTOPOKJIACHUTE
BTUILA B CTPaHaTa, KaTo peanusupa nokpurue Ha 89.06% ot Hacenenuero [16].

Ot uHTepakTUBHUTE KapTH [17] Ha pasnpocTpancHue Ha 4G MPEKUTE HAa YETHPHUTE OMpaTopa
ce BmWKAa o0ade, Ye pasTbpHATUTE MPEKH OOXBAIIaT OCHOBHO TOJIEMUTE TpajoBe U
I'bCTOHACENICHUTE MECTa, KaTO MOKPUTHST MIPOLEHT OT HACEJIEHUETO € OCHOBHO B I'PaJIOBETE, KBAECTO
KOMYHHKAITHOHHUAT CarHall € C Hall-BUCOKH CKOPOCTH. [0 mo-cnabo HacelneHuTe CeICKU paioHU U
TPYIHO JOCTBIIHM MECTa CIOpel KapTUTe WM HE € peaju3upaHo MOKPUTHE, WIH HaJIHUYHOTO
MTOKPHUTHE € C HUCKM CKOPOCTH Ha MpeaBaHe.

Tennenuusra Ha pazsutue Ha 4G Mpex)uTe B rOJIEMHUTE IPAJOBE U I'bCTO HACEICHUTE MECTa
ce JUKTyBa OT IIO-rojisiMaTa HEOOXOAMMOCT OT MpPEXKOBU YCIYyTd Ha TE3M MecTa, MOopaau
MHOTOOPOMHOTO HAacCelIeHHE B TSAX B CpPaBHEHHE ChC celickuTe paiionu [19], kakTo u mo-mo0poTo
3arJiallaHe 3a M3MCKaHa yclyra.

B pamkuTe Ha CpaBHUTEIIHO KpaThK MEPUOJ OT BpeMe B bbirapus ce pa3BUBaT MpPEXH OT
YEeTBBPTO IMOKOJIEHHE, HO BBIIPEKHU ToBa, HAa GoHa Ha EBpoma u cBera, y Hac 4G TexHOJIOTUUTE
HaBJIM3aT U ce pa3BuBar 6aBHO. OT TeMIia Ha pa3BUTHE HA MOOMIHUTE MPEXH B CTpaHaTa MOXKE J1a
ce 3aKJII04M, Ye 0 BpeMme Ha Beue cTaptupanute 5G mpexu B EBpona u 1pyrute BoJeIIu CBETOBHU
nazapu npe3 2020r., B bearapus me 0b1aT Bee omie aktyaran 4G MpexuTe.

3AK/IIOYEHUE

Beopekn ye TeHACHIMATA HA pa3BUTHE Ha KICTHYHHTE MpEXH € HacodeHa KbM S5G,
napanenHo ce pa3BuBa U pasmmpsiBa u 4G TtexnonorusTa. Crnopen HampaBeHaTa CpaBHUTEIIHA
XapaKTepUCTHKA MEX]y BOJCIINTE JUAECPU NPU KIETHUHUTE MPEXKHU B CBETA, HEOOXOAMMOCTTA OT
OCUTYpSIBaHE Ha BHCOKH CKOPOCTH M HEMPEKHCBAEMOCT Ha MPEAOCTaBSIHUTE YCIYyTHd HEU30€kKHO I11e
J0Befie 10 MHUrpHpaHe KbM 5G TEXHOJOrMUTE MO L1 CBAT. Ta3u murpamust odade, HsAMa 1A
3anouHe no-pa”o ot 2020r. Cnopen HampaBeHaTa CpaBHUTENIHA XapaKTepUCTUKa 3a bbiarapus toa
murpupane kM 5G mie ce 3a0aBu o1le moBeye, Thil KaTo TEKYIIUTE TEJICKOMH 3ajlaraT OCHOBHO Ha
4G LTE TexHonorusTa, KaTo KOHIIEHTpAIUATa Ha T€3H YCIYI'HM OCHOBHO € B TOJIEMUTE IpajioBe U
I'bCTO HACEJICHUTE MECTa.

Jlureparypa

[1]. Mobile Network Statistics for 2016, 2016, https://www.thinksmallcell.com/Opinion/mobile-
network-statistics-for-2016.html

[2]. The Mobile Economy 2017, https://www.gsma.com/mobileeconomy/#

[3]. The Mobile Economy Europe 2017, https://www.gsma.com/mobileeconomy/europe/

[4]. The Mobile Economy North America 2017,
https://www.gsma.com/mobileeconomy/northamerica/

[5]. 5G Radio Access, 2016, Ericsson, https://www.ericsson.com/assets/local/publications/white-
papers/wp-5¢.pdf

[6]. 5G Radio Access, April 2016, https://www.ericsson.com/assets/local/publications/white-
papers/wp-5¢.pdf

[7]. 5G Spectrum Public Policy Position, November 2016, https://www.gsma.com/spectrum/wp-
content/uploads/2016/06/GSMA-5G-Spectrum-PPP.pdf

[8]. Mobile Future Spectrum Frontiers, July 31, 2017, http://mobilefuture.org/wp-
content/uploads/2017/08/Mobile-Future-Spectrum-Frontiers-Ex-Parte-Letter 7.31.17.pdf

[9]. 5G PAN-EUROPEAN TRIALS ROADMAP VERSION 1.0, May 23, 2017, https://5g-
ppp.eu/wp-content/uploads/2017/05/5GInfraPPP_TrialsWG_Roadmap_Versionl1.0.pdf

[10]. EU flagship initiative, the 5G declaration signed by EU Ministers in Tallinn, July 18, 2017,
https://www.mkm.ee/en/news/eu-flagship-initiative-5g-declaration-signed-eu-ministers-tallinn

Kommiorspuu Hayku u Texnonorun 1 2017  Computer Science and Technologies 49



[11]. Munuctep MUpaitmo Mockoscku: Ille pabotum 3a 5G  cBbp3anoct, 18.07.2017r.,
https://www.mtitc.government.bg/bg/category/1/ministur-ivaylo-moskovski-shte-rabotim-za-5g-
svurzanost

[12]. Digital economy and  society  statistics —  enterprises, March 2017,
http://ec.europa.eu/eurostat/statistics-
explained/index.php/Digital_economy_and_society_statistics_-_enterprises

[13]. Makc murpupa Bcuuku cBou kiauentd ot WiMAX ksm 4G LTE, http://maxtelecom.bg/bg/za-
nas/novini/maks-migrira-vsichki-svoi-klienti-ot-wi-max-kym-4g-Ite-operatoryt-dobavi-2-novi-
grada-s-4g-pokritie

[14]. T'ogumien uaTerpupan gokian 2016,
https://www.vivacom.bg/web/catalog/sustainable/files/assets/basic-html/index.html#1

[15]. 3amo ga uzbepem M-Tel 3a maptabop, https://www.mtel.bg/why-mtel

[16]. 4G LTE mpesxara, http://www.telenor.bg/bg/4g-lte-network?ref=home

[17]. 3amo ga uzbepem M-Tel 3a maptubop, https://www.mtel.bg/why-mtel

[18]. MnTepakTiBHM KapTh Ha pasmpoctpanenue, https://www.telenor.bg/bg/coverage-map,
http://maxtelecom.bg/map,https://www.mtel.bg/fix-internet-pokritie,
https://www.vivacom.bg/bg/residential/ceni-i-uslugi/mobilni-uslugi/pokritie/interaktivna-karta
[19]. Hacenenwe mo obsactu, Bb3pact, MECTOKUBECHE U 1101, http://www.nsi.bg/bg

3a KOHTaKTH:

ac. AiinpH M. XBKB

karenpa ,,KOMIIOTbpHU HayKU U TEXHOJOTHH
TexHnuecku yHuBepcureT — BapHa

e-mail: aydin.mehmed@tu-varna.bg

TU-Varna

Computer Science & Engineering Department

KOMIIOTHEPHY HAYKU U TEXHOJIOTUH 1 2017  Computer Science and Technologies 50


http://www.telenor.bg/bg/4g-lte-network?ref=home
mailto:aydin.mehmed@tu-varna.bg

IPOYUBAHE HA UHTEP®ENCH 3A YIIPABJIEHUE HA
HOCUMMHU YCTPOMCTBA

Opu H. Ilumutpos

Pe3rome: IlpoyuBaHeTo pasriexaa W KaTeropu3Mpa HalpaBEHUTE 10 MOMEHTa NPOy4YBaHMS B 00JiacTTa Ha
uHTEpQeicuTe 3a ynpaBieHUEe HA HOCUMH YCTPOHCTBA (B YACTHOCT CMapT YaCOBHUIIM), KOUTO MMAT 3a I
Ja paspemiaT mpoOiema ¢ MajlKus pasMep Ha yCTpOWCTBaTa OT €Ha CTpaHa, U YOBEIIKUTE (aKTOpH OT
Ipyra, KOUTO 3aTPYAHSABAT U3II0JI3BAHETO HAa CTAHAAPTHUSA KbM MOMEHTA METOJ 3a YIPABICHHUE - U3I10JI3BaHE
Ha YyBCTBUTEJEH Ha aonup auciviei. IIpoyuBaHeTo moka3Ba HAacOKMTE B KOMTO MoraT Ja MpOJbIIKAT
MPOYYBAHUATA B Ta3H OONIACT.

Kuro4oBu 1ymm: HOCHUMH yCTpPOICTBA, CMapT YaCOBHHIIH.

Research of Computer-Human Interfaces for Wearable Devices
Yuri N. Dimitrov

Abstract: This paper evaluates and classifies the latest researches on Computer-Human Interfaces for
Wearable devices (particularly Smartwatches). These researches are meant to solve the small device factor
against human’s factors problem which effects the touch screen interfaces usability. The research shows also
future works areas.

Keywords: wearable, smartwatch.

1. YBoa

Hocumure ycTpoiicTBa M B 4YaCTHOCT CMapT YAaCOBHHUIMTE (KbM KOUTO OT IJIeJHA TOYKA Ha
€/IHaKBOCT Ha uHTepdeiicure Morar Ja ObAaT NPUUYKUCICHU U T.HAp. QUTHEC TpaKkepu) HaBJIM3aT BCE
0-MacoBo B ymnorpeOa. TexHWTe MajKkuh pa3Mep BOJAAT JI0 peauua NpoOsieMu, CBBP3aHU C
yIpaBJI€HUETO MM - (PYHKIUHUTE, KOUTO W3IIBJIHABAT, Ca MHOTO IIOBEYE B CPABHEHHE CbC
CTaHJIapTHUTE YaCOBHUILIM, a TOBA Hajlara U3rpa)</J1aHeTo Ha CIO0XHU UHTEep(EiCcH 3a yIpaBlIeHUE OT
CTpaHa Ha motpeburenure. TeHASHIUATA 32 MEXaHUYHO MPEHACSHE Ha METOAM 3a YIpaBJIEHUE OT
yCTpOICTBa C MO-TOJSIM JUCIUIEH M pa3Mepu - cMmapT TeleQoHM M TalleTH, BbpPXY cCMapT
YAaCOBHHUIIUTE JIOMBIHUTEIHO 3aTPY/AHIBA MOTPEOUTENUTE B Mpolieca Ha U3Mon3BaHeTo UM [1], kato
MHOTO OT T€3W UHTepdeNcH He OTYUTAT MOHSIKOTa crenuduKaTa Ha yCTpoucTBara - pasmep, hopma
[2], ycnoBust Ha cpenata, B Kosito ce m3nonsBar [1]. M3non3BaHeTo Ha MalKyd YyBCTBUTEIHH Ha
JOTIAP NTUCIUIEH, YIPaBJISIBAHU C MOMOLITa Ha MPBCTH, YECTO BOJAU JO CKPHUBAHE OT IOIJie[a Ha
notpeOuTens Ha OyTOHUTE U Apyra HH(pOpMaLKs, BU3yaTU3UpaHa Ha JUCIUIES.

B MomeHTa uMa HOCUMU YCTpPOICTBa, YUMTO MUHUMAJIHU pa3MepH HE CE€ OMPEENAT Be4e OT
pa3mepa Ha €JIEKTpPOHHUTE KOMIIOHEHTH WMJIM JOpU M Ha Oarepusra, a OT pa3Mepa Ha IUIOIITa,
HeoOxo/luMa 3a OCBILECTBABAHE Ha MHTEpQEiic Mexay YOoBeKa M YCTPOHCTBOTO. J[okaTo BCHYKHU
KOMIIOHEHTH Ha YCTpPOWCTBaTa MOrar Ja ObJaT TOCTOSHHO HaMalsgBaHU KaTo pa3MepH, TO
o0jacTuTe BbpPXY UYBCTBUTEIHUTE Ha JONHUP AWCIUIEH, BHPXY KOUTO TpsOBa Ja ce Mmporpamupar
eKpaHHU OYTOHHU, CIaWIbpH W JPYTHd €JIEMEHTH, KakTO M (U3NYECKUTE MEXaHUYHU WIIH
YyBCTBUTEIHM Ha Jonup OyTOHM HAMa Kak Ja ObJaT HaMalsgBaHH, MOPATd HEMPOMEHSEMUTE
XapaKTEepPUCTHKH Ha YOBeIIKaTa pbKa [3].

IlenTa Ha HacTOALIETO MPOYYBaHE € Ja ce chOepe nHpopmalus 3a HalpaBeHUTE 10 MOMEHTa
u3cienBaHus B oOjacTtrta Ha HMHTepdelcuTe MexIy MoTpeOuTeNl W cMapT YacOBHUK M Jla ce
dhopmynupaT HACOKH 3a MOCEABAIIN TPOYIBaHUS B Ta3u obmact. [Ipoydyenu ca camo uHTEpdeiicy,
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KOUTO peIllaBaT ONMMCAaHUs MO-TOpe OCHOBEH MpoOJeM ¢ pa3Mepa Ha yCTpOWcTBaTa, U KOUTO HE ca
HaMEPUJIM BCE OIE CBOETO MSCTO B MAaCOBOTO MPOU3BEKIAHUTE CMApT YaCOBHUIM. MacoBo
M3MOJI3BaHUTE CPE/ICTBA 3a YIpaBlieHWE Ha MHTepdeiicu Ha cMapT YaCOBHULMU - MEXaHWYHH WIH
YYBCTBUTEIHU HA JOMHP OYTOHH, BHPTSIIUA CE KOPOHKH, YYBCTBUTCIHUTE Ha IOMHUP TUCIUICH H
IJIaCOBM KOMaH/M HE ca MpeMET Ha HACTOsIIeTo npoyyBaHe. [IpoydyeHu ca OCHOBHO MPOYy4YBaHUSA,
MyOIMKYBaHU MPe3 MOCISAHUTE YSTUPHU TOIUHHU.

2. UuTepeiicu Ha HOCUMH yCTPoOlicTBa

IIpoyuenure uHTEepdelcu ca KaTErOPU3UPAaHU CIPSIMO TOBA BBPXY KOs 4acT Ha HOCUMMTE
YCTPOMCTBA €€ BB3JACHCTBA M C KAaKBO CPEACTBO CE€ W3BBpLIBA BB3JCUCTBUETO. Te He ca
KaTeropu3upaHy CIpsIMO KOHKPETHH (YHKIMOHAJIHOCTH Ha YyCTpOICcTBaTa, KOMTO TpsAOBa Aa ce
yIIpaBJIsBaT.

HHurepdeiicu BLPXyY yeTpoiicTBa

EnvH oT nmepBUTE NOAXOAM 3a pellaBaHe Ha mpolieMa ¢ MaJKMs pa3Mep Ha cMmapT
YaCOBHULIUTE M HOCUMHTE YCTPOMCTBA KaTo ISUI0 € MpoydBaHEe U pa3pabOTBaHE Ha KOHIEMIIMH,
0a3upaHM Ha WU3IO0J3BAHETO Ha JPYTM YacTH Ha YCTpPOMCTBaTa KaTo IOBBPXHOCTH 3a
B3alMO/ICIICTBUE, KOUTO Ca PA3IIMYHU OT UyBCTBUTEJIEH HA AONUP IUCIUIEH U OYTOHHU.

TaxkbB npuMep € U3IM0J3BaHETO Ha 3ajHaTa (MPOTHMBONOJIOXKHATA HA JUCIUIEs) CTpaHa 3a
yhpapieHue Ha (DyHKIMUTE Ha HOCHMMHUTE ycTpoiicTBa [4], mokazaHo Ha ¢urypa la. Bwmpeku
no0paTa HpPEUU3HOCT M BB3MOXKHOCTHTE 3a BH3yaJlHA M TaKTUIHA oOOpaTHa Bpb3Ka Cle[
U3IIbJIHEHATa ONepalys, TO3U MOAXO0J HE € YJaueH 3a yNpaBICHHE HA YACOBHUIM, ThH KaTO IpHU
CTaHJAapTHOTO UM H3IIOJI3BAHE KaTO PHUYEH YAaCOBHMK, IIPUXBAHATU C KauWIlKa OKOJO KWUTKAaTa Ha
HOTpeOUTENH, 10 3a{HaTa UM CTpaHa HAMA JOCTBII.

Jpyr noaxox IpH HM3MOJI3BAHETO HA JAPYrM YacTH HAa YCTPOMCTBOTO 3a YIPABICHUE €
U3MO0JI3BaHETO Ha CTPAaHWYHUTE MY MOBBPXHOCTH. 3a pa3iuKa OT 3aJHaTa 4acT, IPU YACOBHMIIUTE
T€31 NOBBPXHOCTH ca JOCTBIIHYU /10 MOTPEOUTEINS U ChUIUTE ca OWJIM U3II0JI3BaHU M C€ U3II0JI3BaT 3a
yIpaBlCHUE Ha CTAaHIAPTHUTE PHUHM EICKTPOHHH 4YacoBHUIM [1]. M3cnenBanuTe mMeronu ca Haid-
pa3iIMYHU, HO HAH-TIPUJIOKUMUTE ca YNpaBICHHE, Ype3 OKa3BaHE HAa HATUCK BbPXY YYBCTBUTEIHHU
Ha HATUCK CCH30pU BBPXY CTpAaHMYHHTE NOBBPXHOCTH [5], mokazano Ha ¢urypa 10, wuau
MOCPEICTBOM YyBCTBUTEIIHU Ha JOMHP CeH30pH [6], mokas3aHo Ha ¢urypa 1B.

Eaua or ocHOBHUTE MpoOieMH, ONKCAHU B IPOYUBAHMUATA HAa TE3U JIBE TEXHOJOTMH €
HJIMYMETO Ha BEPOSTHOCT Te3M HHTepdeiicu na ObJaT akTHUBHpPAHU HEBOJIHO, BCIIEJACTBHE Ha
OKa3aH HaTHCK WJIU JOMUP O YCTPOMCTBOTO.

a) 0) B)
®ur. 1. UaTepdeiicu BbpXy yCTpOHCTBaTA - a) 3a1HaTa cTpaHa [4]; 0) orcTpanu ¢ HaTHCK [5]; B) oTcTpanu ¢
YyBCTBUTEIIHH Ha JOTHD elieMeHTH [6]

Karo pasmupsiBaHe Ha HalW4YHATa MOBBPXHOCT 3a OCBIIECTBABAHE HAa MHTEpQeircu MexmIy
YOBEK M CMapT YaCOBHUK, ca MPOYYBAHHU U BB3MOKHOCTHTE 3a U3IOJI3BAHE Ha MO-TOpPE ONUCAHUTE
TEXHOJIOTUU BBPXY KaulukaTa [/], moka3aHo Ha ¢urypa 2a, KOSITO € HeleluMa IPUHAIIS)KHOCT Ha
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BCCKH PhUCH YACOBHHK, KAKTO M BBPXY APYTH MOBBPXHOCTH, 10 KOUTO TOTPEOUTEISIT UMA JIOCTHII,
U B KOUTO € BB3MOXXHO MHTETPUPAHETO Ha WMHTepdeiicu, YyBCTBUTEIHN HA JOMUP WJIM HAaTHCK -
HampuMep pbKaB Ha apexa [8], mokasano Ha durypa 20.

Hannunero Ha Kaulika Mpu PbYHUTE YACOBHUIHM, KOATO € CPABHUTEIHO (PUKCHUpPAaHA BBPXY
KHATKaTa Ha MOTPEOUTEIIsI, TO3BOJISIBA U M3IOJI3BAHETO HA MPEMECTBAHETO HA YCTPOUCTBOTO CIIPSIMO
Kaumikata ja ObJe M3MOJ3BaHO 3a M3rpaxaaHeTo Ha uHTepdeiicu [9], mokasaHo Ha durypa 2B.
Tasu TexHosorust OM Morja ga ce pa3liupd KaTro Ce HM3MEPBAT MPHIOKECHUTE CHIH BBPXY
YCTPOMCTBOTO B TOYKUTE MYy HA KOHTAKT C KaUIIIKaTa.

Pan Twist Tilt Click

a) 0) B)
@ur. 2. UnTtepdeiicu BbpXy YCTPOHCTBATA - a) BbPXY Kaumika [7]; 6) Bpxy apyr obekr [8]; B) ¢
npeMecTBaHe CpsMo Kauikara [9]

KectoBu unTepdeiicu

W3Bbpiienu ca penuia NpoydyBaHUs, KOUTO IENAT Aa ce pa3padoTiT unrepdeiicu, KOuTo na
MO3BOJIAT J1a C€ YIPABJIsBAT HOCHMH YCTPOMCTBA C IIOMONITA HA PBIETE HA OTPeOUTENs, HO Oe3 1a
ce JoKocBa ycTporcTBOTO. JKectoBuTe MHTepdeicu Hail-o0Imo moraT Ja ce paslensT Ha JBe
KaTeroOpuu - KECTOBE ChC CBOOOIHATA PBKa (pbKaTa, Ha KOSITO HE CE HAMUPA YaCOBHHUKA) U JKECTOBE
C OCHOBHATa pbKa (pbKaTa, Ha KOSITO C€ HAMHpa YaCOBHUKA)

XKecroBere chc cBOOOAHATA phKA MMAT 3a IIEJI Ja CE€ W3BBPIIBAT JIBMKEHUS B OJIM30CT 110
YCTPOHCTBOTO, KAaTO TEXHOJIOTUYHO PETHCTPUPAHETO Ha JKECTOBETE OT CTpaHa Ha YCTPOMCTBOTO
MOJK€ J1a CTaBa BU3yaJlHO, C IOMOILTa Ha KaMepa, paJiioJIOKallMOHHO, aKyCTUYHO, Ha 0a3a MpOMEHU
B MarauTHOTO moJjie [10], moka3zano Ha durypa 3a, enektpocraruuno [11], mokaszano Ha durypa 36.
XKecroBere morar qa ObJaT U3BBPIIBAHK B pa3iMyHa OTJAICYCHOCT CIpsIMO ycTpoiictBoTto [12]. C
1€ MO-TIPELIM3HO U3BHPIIBAHE HA KECTOBETE, YaCT OT TSIX MOXKE J]a Ce U3BBPIIBAT U BHPXY OMOPHU
MOBBPXHOCTH - HANpUMep BBPXY OCHOBHaTa pbKa, B Onm3oct a0 ycrpoiictBoro [11]. Hma
MPOYYBAHUS U Ha KECTOBE, KOMTO Ca MPOABHKEHHE BbB Bb3/lyXa Ha OIlepalus, 3alioyHaTa BbpXY
YYBCTBUTEIHHS Ha JONHP AUCIUIeH Ha yeTpoiicTBoTo [13], moka3zaHo Ha ¢urypa 3B.

Extended input space Finger movement
\ ‘\during Transture
&'

a)

®ur. 3. XKecroBu unrepdeiicu - a) marautHo noje [10]; 6) enexrpocratuuno [11]; B) ¢ mpoabinkaBaHe Ha
JBIDKCHUE, 3aII0YHAI0 BBpXY auciuies [13]
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XKecroBe ¢ ocHOBHaTa pbKa ca MHOTOKPAaTHO M 33JBJIOOYEHO IMPOYyYBaHH, Oasupar ce Ha
BIPAJICHUTE B YCTPOHCTBOTO aKCEIOMETPH, >KUPOCKONMM, KOMIAC W CE€ H3IMOJI3BAT MAacoBO B
IPOM3BEXKTAHUTE B MOMEHTA yCTPOWCTBa, 3aTOBa HsIMa Ja OBJAT MpeIMET Ha TOBA MPOYYBAHE.
Camo Tps0Ba 1a ce crioMeHe, 4e T UMaT €JHO OCHOBHO IIPEIMMCTBO - MOXKE J1a CE€ OIepHpa caMo C
elHa pbKa, HO U HEJOCTAThIHM, CBBP3aHU C JICCHOTO MPEJM3BUKBAHE HA HEXKEJAHO aKTUBHpaHE Ha
uHTepdeiica.

buomexannunu unrepeiicu

ToBa e rpyma wuHTepdeiicH, KOUTO H3MOJI3BAT YacTH OT YOBEHIKOTO TSJIO HIIM HETOBU
(GyHKIIMOHATHH Bh3MOKHOCTH 32 YIPaBJICHUE HA HOCUMH YCTPOWCTBA.

WuTtepodeiicure ¢ mpociensBaHe Ha moriena padboTsiT ¢ KaMepa, KOSTO PerucTprpa MO3ULUATA
W JBKCHHUETO Ha OYUTE Ha MOTpeOWTeNss, Karo Ha 0a3a MECTOIOJIOKEHHWE Ha IMorjiena u
MIPOIBIDKUTEITHOCT Ha 3abpKaHe Ha Toriena (BTpEeHYBAHE) ce M3rpaxaa WuHTepdeiic 3a m3dop Ha
menio [14] [15], mokasano Ha ¢urypa 4a. 3a ga pabOTAT ¢ NPHEMJIMBA CKOPOCT M BHCOKa
HAJCKTHOCT, Te3U UHTEepdeiicu TpsOBa 1a ce KOMOMHUPAT ¢ APYT HHTEp(dEiic 3a MOTBBPIKAABAHE HA
n300pa Ha CEJEKTUpaHHs C MOTJIea eJIeMEHT OoT MeHioTo [14]. Bb3MOXHO € J1a ce perucrpupa
noryiesa M Ha 0a3a Pas3MoNOKEHHWE HAa CMapT YacOBHHKA CIPSIMO JPYro O4YWia, Ha KOUTO HMa
MOHTHpaHa kamepa [15], mokaszano Ha durypa 40.

Jlpyr mpoydeH MOIXOA € eJIEKTpOMUOrpauyHO M3MEepBaHE Ha MYCKYJHAaTa aKTUBHOCT U
u3rpakaaHe Ha wuHTepdeiicu, Oa3upanu Ha mnomaBaHure curHamu [16]. ToBa e emnHa ot
TEXHOJIOTUUTE, KOUTO TI03BOJISIBAT YIPABICHUETO HA YCTPOMCTBOTO CaMo C €Ha pbhKa - BOJEIIATA.
[IpoyuBanusTa moka3BaT 00aye JiBa MbTU MO-BUCOKA BEPOSITHOCT OT IPEIIKAa M TPH IIBTH MO-TOJIsIMA
BEPOSTHOCT OT HEIpPEIU3BUKAaHO cpaboTBaHe Ha wuHTep(deiica, B cpaBHeHHe ¢ paborara ¢
YYBCTBUTEJICH HA JIOMHP TUCILICH.

Blowatch [17], moka3ano Ha ¢urypa 4B, ¢ mpoy4yBaHe W KOHICHIMS 33 YIpaBJICHHE Ha
HOCHMH YCTPOWCTBa C TIOMOIITa Ha BB3JYIICH IOTOK, I'€HEPUPaH OT 4YOBEK B IMpolleca Ha
m3gumBane. To3u wHTEepdeiic Mo3BONsIBa YNpaBICHHE HAa YCTPOWCTBO 0€3 pbhlle, KaTo HMa
BB3MOKHOCT 3a TCHEpUpaHE Ha PA3JIMYHU JCHCTBUS IOCPEACTBOM pa3liM4yHA 4YeCTOTa U
MPOABDKUTETHOCT Ha M3AMIIBaHMATA. HemocTaThk € HICcKaTa My ITyMO3alIHTEHOCT.

N3mepBaneTo Ha OIM30CT HA YCTPOMCTBOTO J0 YaCTH OT YOBEIIKOTO TSUIO CHIIO MOXE J1a ce
M3I0JI3Ba 3a yrpasieHue [18], mokasano Ha ¢urypa 4s.

2\

a) 0) B)

®wur. 4. buomexaHnyHM HHTEpQEcH - a) IOTJIe]] ¢ KaMepa Ha cMapT 4acoBHHKa [15]; 6) moriex ¢ kamepa
BBbpXy oumia [15]; B) Be3aymen notok [17]; r) 6;musoct Ha ycTpoicTBoTO 10 Tsutoto [18]

IIpoxexkunoHHN HHTEpPeiicu
ToBa ca wuHTepdeiicu, kKouTo ce Oa3upaT Ha paslIMpsSBaHE HA IOBBPXHOCTTA 3a
B3aMMOJICIICTBIE C YCTPOMCTBOTO MOCPEICTBOM IMPOXKEKTUPAHE HA BUPTYAJIHU OYTOHM W/MUIU
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MOBBPXHOCTH 3a BUPTYyaJHM YYBCTBUTEIHH Ha JONMUDP JAWCIUIEM W CHOTBETHO OTYHTaHE Ha
B3aMMOJICHCTBUATA HA TMOTPEOUTENE C TE3W BUPTYAIHH CpEIACTBA 3a ympaBieHue. [lpenBun
Pa3MOJI0KEHUETO Ha CMApT YAaCOBHUIIUTE HA phKaTa Ha MOTPEOUTENS, HOPMalHATa IMOBBPXHOCT,
BBPXY KOSATO C€ MPOCKTUPAT BUPTYAIHUTE OYTOHH € phKaTa Ha morpedutens [19], mokaszaHo Ha
¢durypa Sa. Tesu unTepdericu mMo3BOIABAT MPOCKTUPAHUTE OYTOHU, KaTO (PYHKIUS, pa3IOIOKEHHE
1 Opoii, 1a ca ¥ KOHTEKCTHO 3aBHCHMHU OT MPUIOKEHUETO WIH (PYHKIIUUTE HA YCTPOHCTBOTO, KOUTO
ce o4akBa Jia ObJaT yIpaBisiBAHH BB BCEKH eauH oTaenen MomeHT [20], mokasano Ha ¢urypa 50.
HanexaHoctra Ha Te3u uHTEpEHCH MIPU HapacTBaHe Ha Opos HA BUPTYATHHUTE €JIEMEHTH, CIIOPEe]
HanpaBenute usciaensanus [20], He € JocTaThYHA 32 MACOBOTO UM IIPUJIaraHe B MOMEHTA.

_4_/" y ___//}
. Nl s N e
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\ﬁ%‘f (\ [
\ \
a) 0)

®ur. 5. [Ipoxekionnn untepdeiicy - a) Bupryannu o0ytonu [19]; 6) konTekcTHO 3aBHcHM nHTepdeiic [20]

YunpasieHue Ha MEHIOTA

Jlpyra Hacoka, B KOSTO C€ M3BBPIIBAT PEIHIIA MPOYYBAHUS, CBBP3aHU C PEIIaBAaHETO Ha
npobiieMa ¢ OrpaHMYEHUTE BB3MOKHOCTH 3a TPAAUIIMOHHU MHTEpPQEiicH 3a HOCUMU yCTPOWCTBA,
0a3upaHy Ha W3MOJI3BAaHE HA YYBCTBHUTEJICH HA JOMHP AUCIUICH M OyTOHHM, € YIPABICHUETO UM Ja
CTaBa C METOJIM, Pa3jMYHU OT OCBHIIECTBSBaHE HAa KOHTAKT C €IMH MPBCT. EMUH OT moaxomute e
noTpeOuTENs /1a U3MO0JI3Ba PA3IMYHH MMPBCTH 32 B3aMMOACHUCTBUE C YCTPONCTBOTO B €IHU U CHIIU
00J1IacTH, KaTo ce OTYMTA C KOW MPBCT € OCHIIECTBEH KOHTAaKTa, U Ha 0a3a TOBa ce M3MBJHSIBA
pasnuuHa uHTepdeiicHa komanaa [21], mokaszano Ha ¢urypa 6a. Hegocrarsiiure Ha TO3M METOI ca,
Ye ce M3MCKBa BpEMe U YCHIIMA OT CTpaHa Ha MOTpeOUTeNs Ja Hayyd U IPUBUKHE ¢ MHTepdeiica.

Jlpyr mpoydeH TOAXOI € W3TpaxaaHe Ha WHTepdeic, KOWTO OTYNTA MOYYKBAHUS BBPXY
YCTPOMCTBOTO, KOUTO MOTPEOUTEINSI U3BBPILBA C Pa3InYHA YecToTa U Opoil npbetr [22], mokazaHo
Ha ¢Qurypa 60. [Ipoyuenu ca u MeTOAW, W3MOI3BAIM JOMBIHUTEIHU CPEJCTBA, Pa3IUYHU OT
IPBCTUTE HA MOTPEOUTENS, 3a B3aUMOACHCTBUE C YCTPOWCTBOTO MOCPEICTBOM UYBCTBUTEIHUS HA
JONHUp IUCIUIeH - HampuMep nwucanka [23], moka3aHo Ha ¢urypa 6B. HemocraTpk Ha Tasu
TEXHOJIOTUS € He0OX0AUMOCTTa OT ChbXPAHEHUE U U3IOJI3BAaHE Ha JIOMBIHUTEIHUTE CPENICTBA, IPU
M3II0JI3BaHE HA YCTPOHCTBOTO MIIM KOHKPETHH HETOBU (DYHKITUH.

MoauduumpaHeTo Ha MEHIOTaTa Ha CMapT YaCOBHUIIMTE C 1€ yBeJIMYaBaHE Ha pa3Mepa Ha
OyTOHUTE W HaMaJsIBaHETO Ha Opos HATHCKaHUS, KAaKTO W M3MOJ3BAHETO HA HATUCK C HIKOJKO
IpBCTa €AHOBPEMEHHO, CHIO Ce MPOYyYBa, KaTO MOIXOJ 3a pelllaBaHe Ha MpoOJIeMUTe, CBbP3aHU C
YIPaBICHUETO HA MaJKu ycTpoicTa [24]. Te3n moauduKaiu ChIo U3UCKBAT OT MOTPEOUTEITHUTE
BpeMe U YCHJIUS, 3a ]a Hay4yaT [paBUIIHATA MIOCIIEIOBATEIIHOCT Ha U3MOJI3BAHETO UM.
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@ur. 6. YpaBiaeHre Ha MEHIOTA - a) ¢ pa3In4Hu npbeTH [21]; 6) ¢ mouykBane [22]; B) ¢ mucaika [23]

He na nocnenHo mscto TpsiOBa J1a ce 0TOeNexH, Ye OT KpUTHYHA BaXKHOCT OCBEH 3a/1aBaHETO
Ha KOMaHJa OT MOTPEeOUTENsT KbM YCTPOWCTBOTO, € W OOpaTHAaTa Bpb3Ka, KOATO TOM IOJyyaBa B
HOTBBP)KACHNE HA TOBA, Y€ ACHCTBUETO, KOETO € M3IIBJIHWI, € OUJIO MOJIy4eHO OT yCTPOHCTBOTO

[25].

3. 3akirouenue

Bpnpeku HenmpekbCHATUTE MPOYYBAHUS, MOBEYETO OT KOMTO Ca MPOBEJAECHU B PaMKHUTE Ha
MOCTICTHUTE YETUPU TOJIMHH, BCE OIIE HE € YCTAHOBEHO M HAIOXKEHO B MHIYCTpUATA €()EKTUBHO U
e(pUKacHO pelleHue Ha mpodjemMa ¢ MajKus pa3Mep Ha YyBCTBUTEIHMTE HA JONUpP JUCILJIEH Ha
CMapT YaCOBHUILIUTE.

OcHoBHUTE IPOOIEMHU, BPXY KOUTO TPsAOBA J1a Ce M3BBPIIAT IPOYUYBAHMs, ca

- (YHKIMOHATHOCTTa HAa WHTEp(EHCUTE - JOKOJIKO TE ca MOAXOMASAIIM 3a YIpaBICHUE Ha
BCUYKH (DYHKIIMM HA YCTPOWCTBATA;

- eproHOMHYHOCTTa - paborata ¢ umHTepdelicure He TpsiOBa na Ch3AaBa JOMBIHUTEITHO
HaTOBapBaHEe y NOTPEOUTES;

- oOpaTHaTa Bpb3Ka - Thi KaTO HE BCHUKH MHTEPQEcH MOrar ia OCUTYpAT oOpaTHa Bpb3Ka
Ha 0a3a U3BBPIICHATA OTepaIys, TO TPAOBaA J1a ce U3BBPIIAT IPOYIBAHUS B Ta3H 00JIACT;

- HaJI©KIHOCTTA - BUCOKA YCIIEBAEMOCT Ha M3IIBJIHEHUE Ha ONEpalUUTe OT I'bPBUS ONUT U
MUHUMAaJIHAa BEPOSITHOCT OT HEBOJIHO aKTUBHUpaHe Ha HHTepdeiica;

- colMaJHaTa BB3NPUEMUYUBOCT - MOTPEOUTENAT TpsiOBa Aa ce 4yBCTBa KOM(MOPTHO HpHU
M3MoJI3BaHe Ha WHTep(deiica U Ja HE NMpeau3BUKBa THUCKOMGPOPT B OOKpBHKABAIIUTE TO XOpa -
NpOy4YBaHMs MOKa3BaT HAIpUMeEp, Y€ pa3IMYHUTE IO aMIUIUTYAa >KECTOBE MpPU >KECTOBUTE
uHTepdeiicu, Moka3BaT pa3MyHa CTENEH Ha HEXKEJIaHWE y HSIKOM OT MOTpeOuTenure Ja Tru
M3M0J13BaT Ha MyoauuHu Mecta [12];

- €HEeproeMKOCTTa - MOpaJAM MaJKUsl pa3Mep U ChOTBETHO KalaluTeT Ha OaTepuute Ha
HOCHMH YCTPOMCTBA, OT KpUTHYHA BaXKHOCT € HOBUTE MHTepdeiicH 1a He KOHCYMHUPAT 3HAYUTETHO
MO-TOJIIMO KOJIMYECTBO €JIEKTPHUYECKa €HEeprusi U ChOTBETHO Ja ChKpallaBaT 3HAYUTENIHO IMKbJIA
Ha M3IMO0JI3BaHe Ha YCTPOUCTBATA.

Ha 6a3a u3BbpIIEHOTO MpoydBaHe, HMHTEpdeiicuTe, BbPXYy KOMTO € MOAXOIALI0 Ja Ce
U3BBPIIAT JOMBJIHUTEIHU MPOYYBaHMS, ca TE3U BBPXY JPYI'M HNOBBPXHOCTH Ha YCTPOMCTBOTO,
KeCcToBUTE MHTepdelicy, Moa00psBaHe Ha U3MOJI3BAHUTE B MOMEHTA MHTepQeiich U Hail-Beue - Ha
KOMOWHHUPAHETO Ha Pa3INYHUTE TEXHOJIOTUH.
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TEXHOJIOT'UA Li-Fi - MIEPCHEKTHUBUA

Hwnsta K. [luHes

Pestome: To3u [qoKiIan pasriekia NEPCHCKTHBHTE 3a BHeApsBaHeTo Ha Li-Fi TexHomorusita B
HaleTo ekeaHeBue. [Ipe3 mMociHeHUTE TOAMHU HIAEATAa 3a TMPEAaBaHETO HAa HWHPOpPMALUs
[IOCPEICTBOM BHIMMATA CBETJIMHA HaOWpa BCE IO-TrojsiMa IOMYISIPHOCT B HAYYHHUTE CPEJIH.
JIoKaxbT MPEICTaBsl CBHIMHOCTTA HA TEXHOJOTHATA, chepara Ha MPHIOKEHHE W MPESIAMCTBA U
HEJOCTAThIM Ha TEXHOJIOIHATA.

Karouosu xymm: Li-Fi, Ctannapr802.15.7, Buaima cBeTinHa

Li-Fi technology—Trends
Diyanzh. Dinev

Abstract: This paper considers examines the implementation of Li-Fi in our daily routine.
Nowadays the idea for data transmission through Visible Light has become increasingly popular in
the scientific circles. The paper presents the technology, field of application and advantages and
disadvantages of the technology.

Keywords: Li-Fi, 802.15.7, Light Fidelity

1. IIpenaBane Ha nanHu ¢ BuAMMA cBeTimHa. Ctanaapr 802.15.7

802.15.7 (2011) cranmapteT ¢ mbpBuAT IEEE cranmapr, koito BKiIOYBa B cebe cu
nHpopmanus 3a Oe3KMYHA ONTHYHA KOMYHHKAIMS MOCPEICTBOM BHAWMATa CBETIMHA. ToW
ompenensa U puznueckus cioit (PHY), u MAC cnost. ApxutekTypaTa ce OCHOBaBa Ha OIpe/elsiHe
Ha HAKOJIKO CJI0S M TOJ-CJIOEBE, 3a J1a ONPOCTH CTaHAapTa U Ja MPENJIOkKHU YCIYyTU U JIOTMYECKU
BPB3KH OT IMO-HHCKHUTE CIO€BEe KbM IMO-BUCOKMTE. B3emaT ce moa BHUMaHuE MHOTO (akTopH,
HaArpakJallll XapaKTepUCTHUKU M (PYHKIHMOHAIHOCTH KaTO 3aTbMHSBAHE M BHUJMMOCT, LBAT 3a
¢dbyHIMOHANMHOCT M crabmnm3anus. CTaHIapThT € MPOEKTHpaH NPEAUMHO 3a TMpenaBaHe Ha
MYJITUMEAUMHN JaHHHU, HO MOXKE J1a CE M0JI3BA U 3a MPeAaBaHe Ha APYTU YCIIYTH.

Karo IEEE cranmapt 802.15.7 e cBoOoneH. Toii € ch3najeH, 3a Ja 3all’bJIHU HapacTBAILIUTE
OOIIECTBEHN HYXKJU 33 KOMYHMKAI[Hs, 3a10TO JHEIIHUTE CTaHAApTH CKOpPO HsMa Jla MoraT Ja I'
nokpuBaT. CbI0 WMa TNPSIKO BIUSHUE BBPXY TMa3apa, CH3AaBAiKM HOBH MPHIOKEHUS H
HEeoOXOoIUMUS 3a TAX XapJAyep WM uYpe3 pasllupsBaHe W OOHOBSIBAHE HA BeuY€ CHLIECTBYBAIU
TakuBa, kaTto Hanpumep LED ma3zapa, koeto TpsiOBa 1a HampaBH JOCTBIIHA Cpe/ia CBETOAMOIUTE 3a
0e3KUYHO MpeaaBaHe Ha AaHHU. Upe3 KOMyHUKAIMUTE TIOCPEACTBOM BHauMara ceeriinHa (Visible
Light Communication — VLC) ce B3emar mpeanasHu MEpKH OT PUCKOBETE 3a 3APaBETO dYpe3
OrpaHMYaBaHE HA €MUCHUM Ha MakcumaiaHa MomHocT. 802.15.7 e craHmapTt, KOMTO ce MOoIIbpika
TEXHUUYECKH BB3MOXHO HAW-IPOCT M CBHIIO CE€ OCHOBAaBA Ha CTPYKTYpa, KOSATO IO3BOJISABA
M3IOJI3BAHETO HA HIKOW IIMPOKOM3IION3BAaHU U 1Mo-ctapu ctangapT kato IEEE Std 802.15.4-2006,
ITU-T 1.432.1, ANSIINCITS 373, KouTO ca OT OCHOBHU 32 HETOBOTO MpHUJIaraHe.

IIpe3 2011 r. mpo¢. Xapann Xaac mpejara TEXHOJOTUATA 3a OE3MPOBOAHO MpeAaBaHe Ha
uHpopMalus Ha 6a3aTa Ha BuauMara ceetiuHa [1], [2].

Wnesita Ha mpod. Xaac ce cbcToM B TOBA, Y€ BUAMMATA CBETIMHA MOXeE J1a ObJe U3IO0JI3BaHa
3a TpelaBaHe HA JAaHHM C MHOTO TO-TOJSM KamalWTeT B CPaBHEHUE C TPATUIIMOHHUTE PaINo
BBJIHHU.
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Li-Fi, momo6no na Wi-Fi, maBa BB3MOXHOCT Ha EJIEKTPOHHHUTE YCTPOMCTBA OT poja Ha
KOMITIOTPH, JIAITONH, cMapTOHU H Jp., O€3MPOBOJHO Aa ce CBHp3BaT ¢ MHTEpHET, a ChIO Taka C
MpUHTEPH, TeseBu3opH, ciymanku. C apyru nymu Li-Fi e ekBuBasientHa Ha Wi-Fi, HO n3non3Ba
CBCTJIMHHU JIbYXU BMCCTO paJiu0 BbJIHH.

2. CobmHoct Ha Li-Fi Texnosorusira

B ocHoBara Ha Li-Fi TexHOMOrMATa Ca CBETOIUOHH JIAMITH, KOUTO OBP30 U3MECTBAT JIAMITHTE
¢ HarpeBaema xuuka. KoMranuure, Mpou3BOAUTENIN Ha OCBETUTEIHH TEJla, MPEKUBSIBAT UCTHHCKA
PEBOJIONINS C Pa3BUTHETO Ha cBeTonuoauTe. C MayikaTa CM KOHCYMallusl Ha €HEpTHsl, O-IbJTHS CH
€KCIUIOATAIMOHEH TepPHOJ] U BB3MOXKHOCTTA Ja MpefaBaT €IHOBPEMEHHO WH(OpMAIUsS ¢ MHOTO
BHCOKM CKOPOCTH, CBETOJMOJHMTE C€ sBsABAT peIIeHWe, KOETO C€ U3MpaBs IIpel
MPEIM3BUKATEIICTBOTO 32 HAMAISIBAHE HA BHIJICPOHUTE EMUCHHU B CBETOBEH Maiao.

B ocnoBata Ha TexHosorusTra Li-Fi ce m3moi3Ba BB3MOKHOCTTA HA CBETOAUOINTE A CE
BKJIFOYBAT U M3KJIIOYBAT MPU MHOT'O BHUCOKH CKOPOCTH M HEBBH3MOXKHOCTTA Ha YOBEIIKOTO OKO J1a
BB3IpHeMa ObpP3UTE MPOMEHN B MHTCH3UBHOCTTA HA CBETJIMHATA. HEBHOPBKEHOTO YOBEIIKO OKO HE
MOXeE JIa pearupa Ha moBeue oT 15 TpenTeHus Ha CBeTJIMHATa B CeKyH . [2]

BbBp30TO0 BKIIFOYEHO/M3KITIOUEHO CHhCTOSIHHE Ha CBETOAMOJA JaBa BB3)KOHOCT Ja CE IperaBar
JTAaHHU B JIBOWYEH KOJI: BKIIFOYEHO - JIOTUYECKa ,,1%, a u3KIoueHo - jorudecka ,,0. KonuenryaaHo
TO3H MPOIIEC € Mo J00eH Ha Kojia Ha Mops3.

Ha ¢urypa 1 e wirocTpupaH TPUHIMIIBT HA YIPaBICHUE HA CBETOJUOJHA JIAMIIA.
[TocrenBamata ot MHTepHeT uH(OpMaIMsS ce IMOJaBa KaTo YIpaBisiBall CUTHAN (Koaupalia
MOCJICIOBATEITHOCT) Ha JpaiiBep, KOWTO BKJIIOYBA M W3KJIIOYBA CBETOJMOJHATA JlaMIla C BHUCOKA
yectota. Poromerektop ¢ukcupa ciabure U3MEHEHHs B HHTEH3HBHOCTTA, mpeolOpa3yBa T B
SJIICKTPUYCCKU CUTHAIU, JCKOIUpa TH, CJIE] KOETO Bh3CTaHOBEHATa WMHQOpPMAIUS Ce I0ojJaBa Ha
KOMITIOTHP, MOOUITHO YCTPOMCTBO WM JPYT KIUEHT.

Internet

Lamp Driver
ing content .

1LED lamp

Receiver Dongle

S — Photo
—_—
Detector
Amplification and
Processing
L | =

®@ur. 1. EqHonocoyHo npenaBane Ha WHPOpPMAIUS Ype3 BUAUM acBETIIMHA, U3TbUBAHA OT CBETOAMOIHA
Jamra.

3a ochlIecTBsIBaHE Ha JABYIIOCOYHA CBPH3Ka B KOMIIOTPUTE U IPYTUTE yCTPOWCTBA TPsiOBa Aa
ca Brpa/IcHU ONTUYHU NpeAaBaTes U IPUEMHHUK.

[Ipn paguokoMyHUKaMUTE ca HEOOXOJUMHU aHTEHM M CIIOKHU NpUEMHUIM, nokato Li-Fi e
MHOT0 MO-TIPOCTA U U3I0JI3BA IPUHIMIIA HA TUPEKTHA MOAYJIALHSL.

3. Ipenu nousituero Li-Fi u ciiex Hero
M3non3BaHeTo Ha BUMMATa CBETJIMHA KaTO METOJ 3a IpeaBaHe Ha nHpopMalus ¢ 00eKT Ha

u3cjeIBaHe TOAUHU npeau oduimanrHoTo BhBekaane Ha moustueto LightFidelity (Li-Fi) ot mpod.
X. Xaac mpe3 2011r. Pexauna cBeroBHO m3BecTHM (upmu karo Samsung, Panasonic, kakto u
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penauiia YHUBEPCUTETH KaTo yHuBepcuTeta B EmuHOypr m bpemeHn wuHBecTupaTr cpeacTBa B
M3YYaBaHETO W HW3CIEABAHETO Ha TO3W THMN MpenaBaHe Ha uH(opmanwmsta. [IppBuTe omuth 3a
BHE/IpSABAHE Ha TEXHOJOTHATA 10 Torasa, mosnara mozi umeto Visible Light Communication (VLC),
3armouBat npe3 2006r, kato crnopen [3] u [4] pabGoTHHTEe NpOeKTH HAOPOSBAT €1Ba TPHU, KaTO B
CJIeIBAIIUTE TOAMHU UHTEPECHT KbM Hest HapacTBa. Jlo 2011r., npenu oduimanHoTo 00sBsIBaHE HA
nousitueto Li-Fi, npoektute ca HabposiBanu 14. OT Tyk HaTaThK, Cle]l MOSBIBAHETO HA OHSATHETO
Li-Fi, 3armouBa e>keroiHo HapacTBaHE HA HHCTUTYIIUUTE U MPOEKTUTE, CBbp3anu ¢ Li-Fi.

50 ITporornnm

40
20 14 13 14 15 »

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

@ur. 2. logumien 6poit nporotunu Ha 6a3a VLC u Li-Fi

Haii-ronsamo 1s710BO ywyacThe B H3ClI€[BaHETO Ha TexHosnorusra npeau 2011r. mpasu
KOMIIaHUATa SamsUNg, UHBECTUPANKU roJeMH CyMH, 3a Jla C€ OIUTA Ja MHTErpupa TO3U METO]| Ha
IpeiaBaHe Ha MH(OpMaLMITa B YOBELIKOTO €KEAHEBUE — OOJIHUYHU 3aBE/ICHUS, BOEHHOTO IO,
Haykara H Jp.

ITpe3 oxromBpu 2011 romuna Hskonko ¢upmu ot ['epmanust, Hopeerus, U3paen u CAL] ce
obenuusBat B Li-Fi KoHcopruym, ¢ 1esn pa3BUTHETO U JOBEXIAHETO JI0 [1a3apa Ha MEepCIeKTUBHATA
Li-Fi texnosnorus. B koHCcOpIMyMa ca yBepeHU BbB Bb3MOKHOCTTa upe3 Li-Fi TexHomorusra na ce
JOCTUTHAT MO-BUCOKU CKOpOocTH oT 10Gbps.

[Mapanennu u3cnensanus B oonacrtra Ha Li-Fi onTruHa 6e3mpoBoHA CBpB3Ka Ce MPOBEKIAT
B O6enunenoro Kpaicrso, KOxxna Kopes, ®panuus, SAnonus, Kurait u np.

IIpe3 2012 roguna e ocHoBana ¢upmara pureLi-Fi, maptHrop Ha EnunOyprckust yHuBepcuTeT
(UoE). [8]

B Hawamotro Ha aBryct 2013r. e o00gBeHO peanu3upaHETO Ha IbpBaTa B CBeTa
BHCOKOCKOPOCTHA, ABynocouHa Li-Fi cucrema, pazpaborena ot Yuuepcutera B Enunoypr (UoE),
B U3CJIEJIOBATEIICKO ChTPYAHUYECTBO C HSIKOM OT BOJACLIUMTE YHUBEPCUTETH BbB BenukoOpuTaHus.
ITocturnara e ckopoct 3 Gbps ¢ eAMHCTBEH MHKPOCBETOAMO, pa3pabOTeH B YHHUBEpCUTETa
Crparknaiiz.[5]

Ha 20 mapt 2014 ronuna pureLi-Fi anoncupa, ye B LleHTbpa 3a npoy4BaHe U pa3padoTBaHe (
Li-Fi R&D) na EnuHOyprckusi yHHBEPCHTET ca IOCTUTHATH OE3MPELeeHTHH CKOPOCTH Ha
npefaBaHe Ha JaHHM 4pe3 HanuuHu Ha mnaszapa (‘off-the-shelf) LED namnu, mpu HamaneHa
MHTEH3MBHOCT Ha CBETJIMHATa J0 HUBA, OJU3KU JIO M3KJIIOUEHO ChCTOsSHME. ToBa ca ciydyawure,
KOraTo He € HE0OX0/IMMO OCBETJIEHHE WIH MPU Bpbh3Ka HA MOOMIHO YCTPOMCTBO C TOYKA 3a IOCTHII
B ¥ MHTepHet. C ToBa pyHIaMEHTAIHO MOCTHXKEHHE CE OCUTYpsiBa BUCOKA €HEepruifHa e()eKTHBHOCT
IIpY NpeaBaHe Ha JAHHU Ype3 U3MO0JI3BaHe Ha CBETOINOIH.

IIpe3 mapt, mo Bpeme Ha MWC 2014 (CBeToBHUSI KOHTPEC MO MOOWMIHU KOMYHHKAIIUH,
bapcenona) u CeBIT 2014, pureLiF1 ycnemno nemonctpupa cucremara Li-1st, mokazan Ha gurypa
3.[5]
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®ur. 3. [TepBust B cBeta Li-Fi mpoxykr Ha ma3apa - Li-1st
4. IpexumcTBa U HepocTaTbuu Ha Li-Fi

Li-Fi uma cnenHuTe mpequMcTBa CIpsMO OCTaHAIUTE OE3KUIHU KOMYHHUKanuu [6]:

e [IbpBOTO M OCHOBHO MpeaAnMCcTBO Ha Li-Fi e, ue Moxe 1a ObJe U3M0I3BaHO B [IOCPEICTBEHA
OJM30CT /10 YyBCTBUTEIHM HA CIICKTPOMArHUTHU CMYIICHUS pailOoHM — KaTo OOJIHUIM, aTOMHH
eNEKTPOLICHTPAJIH, CaMOJIeTH 0e3 /1a IPeTU3BUKBA €JIEKTPOMArHUTHU CMYIICHUS.

e TexHonorusTa M3MOJI3Ba YECTOTHATA JICHTA HA BHMMAaTa CBETJIMHA, KOSTO € B ITTH I10-
rojisiMa OT Ta3d Ha PaJMOYECTOTUTE, KOETO IO3BOJISIBA TO-BHCOKM CKOPOCTHM Ha MpeAaBaHe Ha
undopmanusra - gocrura g0 10Gbps.

e OcurypsiBa Mo-ToJIsiMa 3alUTa M TOBEPUTEIHOCT IMPH MPEIaBaHETO Ha WHQOpMAIHAITA,
MOHEXXE BUMMATa CBETIMHA HE IPEMUHABA MIPE3 CTEHUTE M M0 TO3W HAYMH MMa 3aIUTEH JTOCTHII.

e Cpl0 Taka MOXE Ja CE H3I0J3Ba M 3a IOABOJHHU H3CIEIBAHUS, 3a pas3liuka OT
Paao4YeCTOTHUTE OC3)KUYHI KOMYHHKALIUH.

Bbrpekn ye He ce xapakrepusupa ¢ HUCKa neHa, Li-Fi e mo-noaxomsm 3a Point-to-Point
cucremu. [loTeHnmanHara moi3a OT TakaBa TEXHOJOTHS MOXKE Jda ObAe ToisMa, Karo ce HuMma
NPE/IBU/I, Y€ U3I0JI3BA CBETIMHHYU U3TOYHMIU, KOMTO Ca HABCSKbB/IE 0K0JI0 Hac. Berpeku ToBa Li-Fi
CTpaja OT A0CTa HeIOCTAThIM KaTo [7]:

e CMyIIIeHUs] OT JPYrM CBETIMHHA M3TOYHMIIM KATO CIIbHUEBATa CBETJIHMHA, CICKTPHYCCKH
KPYIIKH, U T.H.

e HecrnocoOHoCT n1a mpenaBat nH(GopManus npe3 Henmpo3payHu MaTeprUalid KaTo CTEHHU H T.H.

e BHCOKM pa3xoJy Ha €JIEKTPOCHEPTHS.

e [IpreMHHIIUTE ca HECTTOCOOHH J]a BPBIIAT OTTOBOPH YPE3 CBETIIMHA.

3AKVIIOYEHUE

Borpekn MHOroOpoWHUTE IIIOCOBE, KOUTO TEXHOJOTHSTa HHU Tpejuiara, ce CTHra o
3aKJII0OYEHUETO, Y€ BCE OIIEC HE € JOCTAaThUYHO Pa3BHTa 32 MAaCOBO BHEAPSBAHE B HAIIIETO €KETHEBUE
Mopajgy HyXJa OT JOMBJIHUTEIHO OOOpyJIBaHE, KOETO HAa TO3M €Tall He € EBTHHO, KaKTO H
TOPEMOCOYCHNUTE HEIOCTAThIIM KAaTO HECTIOCOOHOCT HAa MPUEMHHIIMTE J1a BPBINAT OTIOBOP KBM
npenasatens u ap. Ilpenu na crane Bb3MOKHO MAacOBOTO HAaBJIM3aHE HA TEXHOJOTHATA B HAIIETO
eXeIHeBue, TpsiOBa na ObJaT HAMpaBEHU OIe MHOTO CHUMYJAlMM W eKcrepuMeHTH. OCHOBHHTE
po0yieMu, BPXY KOUTO TPSAOBa Jla ce U3BBPIIAT MPOYIBAHHUS, Ca!

e OYHKIMOHAIHOCT;

e OOpatHa Bpb3Ka;

e HagexxaHOCT Ha IpeJaBaHETO;
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e EHEproeMkocT;
e KauectBo Ha yciyrute(QOS).
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KOMYHUMKAIIMOHEH MOBMJIEH MOAYJI 3A CbBUPAHE HA
METEOPOJIOI'MYHU JAHHH

HOnusn I'. umutpos, Tonopka H. ['eopruesa

Pe3iome: B cratusita ce mpeactaBs mpoeKT Ha MOOWIIEH MOMYII 3a ChbOMpaHe HAa METEOPOJOTHYHU JaHHH.
Pa3zpaboTreHa ¢ MOOMIIHA METEOPOJIOTUYHA CTAHITUS 32 M3MEPBaHE HA TEMIIEpaTypa U BIAKHOCT Ha Bh3JyXa.
OCHOBHUTE aKIIEHTH Ha paboTaTa ca CBhp3aHu ¢ u300pa Ha MU(POB CECH30pP 3a U3MEPBAaHE HA TEMIIEpPaTypa U
BJIara, MPOEKTHPaHe Ha MOAYJI C OTBOPEH KOJ 3a W3BBPIIBAHE HA HAYYHW W3CIIEABAHMS, KAINOpUpaHe Ha
CEH30pa 3a MOCTUI'HE MaKCHMajHa TOYHOCT, W300p Ha TEXHOJIOTHS 332 OS3KUYHO MpeaBaHe Ha chOpaHara
nHpopmarus. Ch3JaeH € mporpaMeH KOJ 3a BU3yaIM3MpaHEe Ha TMOJYYCHHTE JaHHH HAa TEYHO-KPHUCTAJCH
JIMCILICH.

KaiouoBu gymu: 6e3:xuyHa Bpb3Ka, METEOPOJIOTUYHY JaHHH, CEH30PU

WIRELESS WEATHER STATION
Yuliyan G. Dimitrov, Todorka N. Georgieva

Abstract: The article presents a project for a mobile module for collecting meteorological data. A mobile
meteorological station has been developed to measure temperature and humidity. The main focus of the work
is the selection of a digital sensor for measuring temperature and humidity, designing an open source module
to perform scientific research, calibrating the sensor to achieve maximum accuracy, choosing a technology
for wireless transmition of the information gathered. Software for displaying received data on a liquid crystal
display was created.

Keywords: aplitude modulation, LCD display, wireless mobile modul

1. YBox

MeTeoposIOTHYHUTE CTAHIMK ca CHAaOJeHN ¢ MHCTPYMEHTH 3a U3BbpIIBaHE HA HAOIIOCHUS U
U3MepBaHus Ha aTMoc(epHUTe YycioBUsA. TOYHOCTTA Ha BCSKO M3MEPBAHE € CBBP3AHO C
U3TOTBSIHETO Ha MPOTHO3M 3a BPEMETO M U3CJIEIBAHE HA 3aKOHOMEPHOCTUTE B KJIIMMATA.

3aiaunTe, KOUTO CTOAT IMpeJ NMPEeAIOKEHNs KOMYHUKAMOHHHSI MOOMIJIEH MOAYJ 3a ChOMpaHe
Ha METEOPOJIOTUYHHU JaHHH, Ca:

® U3MEpBaHE HAa TEMIEpaTypa U Bjara ¢ MIOCTUTHE HA MaKCUMaJIHAa TOYHOCT;

e 0e3KMYHAa KOMYHHMKAIUsi C OCUTYpsIBaHE Ha BB3MOXKHO MaKCHUMAaJHO pa3CTOSHUE 3a

Ipe/laBaHe Ha JIaHHU,
® BHU3yaJIM3UpaHE Ha MOJy4yeHaTa HH(OpMAIHs Ha TEYHO-KPUCTAJIEH TUCIUIEH.

2. U3noxenune
IIpoexTupane u pa3padorBaHe HA (PYHKIMOHAJTHUTE OJIOKOBE

MoOwitHaTa METEOPOIOTHYHA CTAaHIIMS 32 U3MEPBaHE Ha TeMIIepaTypa | Bllara € peaan3upaHa
Ha Oaszara Ha miatka Tun Arduino Uno m mmdpos cenzop DHTI11 [1]. [NonydeHure naHHH OT
n3MepBaHeTo ce npenanar 1o 434MHz paauno kanan qo npueMHuk. Madopmarusara ce 00padoTsa u
ce M3BeXJa Ha TeYHOKpuctanHus auciuien [2]. Ilpu mpenaBanero Ha maHHuM ce m3mon3Ba ASK
Moaynauus (¢urypa 1).
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RF434MHz RF434MHz
IIpCaaBaTed IIPHCMHHK

Arduino Ardumo
Uno Uno

Cemnsop LCD

DHTI11 ITHCILIEH

@ur. 1. ApxuTtekTypa Ha O€3’)KU4HA METEPEOIOrNYHA CTAHLHS

Cucremara e oHlaiiH 0a3upana, uma JjeceH U ynoben mutepdeiic. Ta maBa Bb3MOXKHOCT 3a
M3BBPIIBAHE HA TECTOBE M €KCIIEPUMEHTH C JIPYTH NOJOOHH MOIyH. TecTBaHETO Ha MPOTPaMHUS
KOJI C€ U3BBPIIIBA BHB BUPTyaITHA Cpe/ia Upe3 KOMIIOThPHA CUMYJIAINI Ha MOIYJIA.

#include <stdio.h>
#include "DHT.h"
DHT* dht;
const int nSensors = 4;
int cycle;
void setup() {
Serial.begin(9600);
Serial.printIn("Serial initialized...");
dht = (DHT*)malloc(nSensors*sizeof(DHT));
for (int i=0; i<nSensors; i++) {
dht[i] = DHT(i+2, DHT11);
dht[i].begin();
}
cycle=0;
}
void loop() {
char buffer[64];
for (int i=0; i<nSensors; i++) {
delay(2000./nSensors + 250);
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float h = dht[i].readHumidity();
float t = dht[i].readTemperature();
if (isnan(h) || isnan(t)) {
Serial.printin(*No good boss.");
continue;
¥
sprintf(buffer,"%6d,%d,%2d,%2d",cycle,i,int(h),int(t));
Serial.printin(buffer);
}
cycle++; }

3a xapayepHara peanusanus € u3noisBaHa Arduino Micro mumatka, 6asmpana Ha Arduino
Leonardo apxutekrypa. MoaybT chOupa 1 00paboTBa JJaHHU OT CEH30PUTE B PEATTHO BpEeMe, KaTo
¢ MOCTHrHAaTa MaKCMMaJlHa TOYHOCT. M3Moi3BaH € KoJ, 4pe3 KOUTO 1a ce 00padoTBaT JaHHHUTE OT
CEH30pHUTE U JIa C€ U3BSKATA B KOH30JHHS mipo3opell [3]. ChOupaHeTo Ha TaHHHU € MPOIBJIKUTEIICH,
HEMPEKbCHAT IIMKBJI ChC 33/13/ICH Mepuo]i oT Bpeme 12 vaca (¢purypa 2).

RF434 MHz npeznasaten RF434 MHz npreMHHK
I[IperocHa cpeaa

1 !

[ CepueH nmopt ] [ CepHeH nopt ]

Encoder IC Decoder IC
HTI12E

HTI12E

1 l

[ Kommapatop [ ITapaneneH nmoprt ]

LCD dlspalv ]

[ Censop DHT11

fr—
—

o

7

@ur. 3. AnropuThM 3a chOMpaHe Ha JTaHHU

3a ;1a Morar TecTOBETE Ja ce IpoBenaT B Oe3omacHa cpena, € pealn3upaHa KOMITIOThpPHA
CHMyJanusi, KaTo 3a IeiTa € W3MOJ3BaH CIeNUaln3upaH copTyep, 4Ype3 KOWTO € Ch3AaICH
nporotunsT [4] (purypa 3).
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Pushbutton 1
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void {
/ z0 the n ey
pinMode (0, OUTPUT);
pinMode(1, OUTPUT);
pinMode (2, OUTPUT); 4
pinMode(3, OUTPUT); =S |
pinMode (4, OUTPUT);
pinMode(5, OUTPUT); [ ] ‘ ' ‘
pinMode (8, INPUT); Ll
¢ ]
e @
int led =0 <
7/ the loop routine runs and :
vold 1oop() {
if (digitalRead(8)) { Search Component
for(int 1=07 i<6;it+) (
if(i==led) {
digitalWrite(i,HIGH);
)} else (
digitalWrite(i,LOW);

®@ur. 3. Ounaitn cpefa 3a KOMIIOThPHA CUMYJIAIUs

[IpoekThT € peanu3upaH C MHKpOKOHTposiepu Ha SmartProjects. 3a codTyepHaTa
KOMYHHKAIIMS Ca OCHUTYPEHU TpyHH OT HU(PPOBU U aHAJIOTOBM KOMIIOHEHTH 3a Bxon-uzxon (I/O),
MO3BOJISBAIIM CBBbP3BAaHE C JPYTH MOJYJH Ype3 CepueH KoMmyHuKannoneH uarepdeiic u USB [5],
[6]. TIporpamupaHeTo Ha MHKPOKOHTpOJEpHTE B ApPAyWHO Iardopmara IoJ3Ba HHTETpUpaHa

cpena 3a paspaborka (IDE), ocHoBaHa Ha mpoekTa Processing u moaabpiKaia mporpaMHUTE €3UIN
Cu C++.

3. Pesyaratn

NscnenBanero € peanu3upaHo UYpe3 CHEKTpajeH aHajdu3aTop Ha TMpefaBaHUs CHUTHAI.
JlanHWTE MEXy MpenaBarel U MPUEMHHUK Ce MpeaaBar mo Oe3KHueH MbT, KaTo HHpopManusra ce
oOHOBsiBa Ha Bceku 2S (¢urypa 4). [To Bpeme Ha TeCTOBETE € TOCTUTHATO pa3cTossHre oT 60m, mpu
KOETO ce TrapaHTHUpa KadyecTBOTO Ha mpenaBaHata uHpopmanus. [lomydenure manHu ca 0e3
3aKbCHCHHE W 3ary0a Ha makeTu. [Ipu oTnaiedaBaHe Ha eMH OT J[BaTa MOAYJIA Ha Pa3CTOSHUE HA
60m ce Habm01aBa MPEKbCBAHE B KOMYHHKAITUSATA.

KOMIIOTHEPHY HAYKU U TEXHOJIOTUH 1 2017  Computer Science and Technologies 67




Status oRef 0.00dBm At 10¢8  Marker1 433.94 MH

Marker
433.940019 MHz

-5.80 dBm

i l pn
Fla
| ¥ |_,.‘.|I||| 1.__,||
I |

A I n
ghs

IR
| I|||

UserKey Set: System,

100 _ —
Center Freq z Span 1.0004

Marker

Delta

Delta Pair

Ref

Span Pair
Span |

Off

Mkr Trace

Auto

iHz

RBW 1 { VBW 10000 kHz SWT 10.004 ms 1/2

®@ur. 4. CIeKThp Ha MIpeIaBaHus CUTHAT

[Ipu peanusupane Ha €KCIEPUMEHTATHUTE TECTOBE € U3BBPIIEHA KOPEKIUS HA aJITOPUTHMA 32
o0paboTkaTa Ha U3MepeHuTe JaHHU. ToBa € HampaBeHO C IIeJ MOCTUTHE Ha MaKCUMajHa TOYHOCT
Ha u3MepBaHe. CeH30puTe ce JOHACTPOIBAT CHOpel JUMATUYHUTE YCIIOBHS, B KOMTO ILIE C€
uznon3par. CreJ BCsika KOPEKLUs ce Ipujlara BU3yajieH aHalu3, 3a Ja ObJie yCTaHOBEHA pa3JiuKara,

KaTo Trpelkara OT U3MepBaHe Bede e cBezeHa o +/- 2 °C (durypa 5).

32
— Sensorl JI
31 — Sensor 2
—— Sensor 3
30k Sensor 4 ]
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& 291 o
: l
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@
E 28 -
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g |
£ 27 1
i H “ ““IIIII I|I |
25 ‘ 1
24 i
04:48:00 07:12:00 09:36:00 12:00:00 14:24:00

Time

®@ur. 5. TecToBO U3MEPBaHE HA TeMIepaTypa

16:48:00
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4, 3akI04enue

B pazpaborkaTta € mpemiokeH MOOMJIEH MOJIYJ 3a ChOMpaHe Ha METCOPOJIOTHYHH JaHHU B
peanHo Bpeme. MoOuITHaTa METEOPOJIOTUYHA CTAHIUS € C MAJIKH pa3Mepy U € JIECHO IMpPEeHOCHMA.
[TocturnaTa e onTuManHa TOYHOCT MPU U3MepBaHe Ha napamerpure. [IpoekTupana e Taka, ue Ja ce
M3M0JI13BA JIECHO U yJIOOHO.

3a ;1a ce yBeJIMYM Pa3CTOSHUETO Ha MpeJaBaHe Ha MoTydyeHata nH(opMalus, € MpeABUICHO B
MOJIyJIa J1a C€ TPOEKTUPAT aHTCHH C MO-TOJIIM 00XBaT Ha MOKpUTHE. 32 TTOI00pEHNE HA TOYHOCTTA
Ha W3MEpBaHe ce Ipejiara HHTerpupale B MoouiHara cucremara Ha cenzop DHT22, nmputexapany
0-100pH TEXHUYECKH ITapaMeTpHu.

KoMyHHKanMOHHUAT MOOWJICH MOYJ YCIENIHO HM3MepBa TeMIlepaTypa W Bjara, npeaaBa
uHpopmanuara no 6e3kU4eH MbT, KaTo MojydyeHaTa MHQOpMAIUITa ce BU3YyalIU3Upa HA TEYHO-
KpUCTaJeH AMCIUIeW. MOAYIbT € MPOEKTHpaH ¢ ydyeOHa Led M € NpeJHa3HaueH 3a HaydyHH U
1abopaToOpHHU LIENH.
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CUCTEMMU 3A OTKPUBAHE U IPOTUBOJIEUCTBUE HA
BE3IINJIOTHU JIETATEJIHU CUCTEMMU OT TUITIOBE , MUHU*“
n ,,MUKPO*

Bacun P. JIronikanoB

Pe3trome: B Hacrosmara craTus ca pasriieaHd HSIKOM MOJEPHU CHCTEMH 3a MpPOTHBOJEHCTBHE Ha
0e3mmwiIoTHH JeraTedHu cucteMd. OObpHATO € BHUMAaHHUE Ha W3MOJ3BAHUTE B TSIX TEXHOJIOTMH H
BB3MOKHOCTHTE UM 33 MHTETPUpPAHE C LeJ MaKCUMalHa €(pEeKTHBHOCT, HUCKU pa3XxoAu U O€30MacHOCT 3a
XOopaTa M OKOJIHaTa cpeia. AHAIM3MpaHa € CTeleHTa Ha ePEeKTHBHOCT Ha TXHOJOTUUTE MPU Pa3IMYHHUTE
rpynu mnardopmu 3a BJIC ot Tunose ,,Munu" u ,,Mukpo“ ceriacuo knacudukanusra Ha HATO 3a BJIC.
KarouoBu gymu: 6e3nmiorHu ietatensu cuctemu, bJIC

Counteraction systems of unmanned aircraft vehicles
Vasil R. Lyutskanov

Abstract: This article discusses some advanced systems to counteract unmanned aircraft systems.Attention
is paid to the technologies used and their integration capabilities for maximum efficiency, low cost and
people and environmentaly friendly.An analysis has been made of the degree of effectiveness of the
technologies in the different clusters of "Mini" and "Micro" UAV platforms according to the NATO
classification for UAV.

Keywords: unmanned aircraft vehicles, counteraction-UAV

1. YBoa

C HaBIM3aHETO Ha roiiiMa 4YacT OT Abp)KaBUTE B CBETa, B YacCTHOCT W Ha PemyOnuka
bearapus, B wHpOpMAIlMOHHATA €pa BCE IMO-TOJSIMO 3HAYEHUE NPUIOOMBAT POOOTHU3MPAHUTE
cUCTeMH 3a cbhbOupaHe, o0pa0oTka W pasmpeneneHue HauH()OPMAIMOHHUTE MOTOIM B peaHU
Mamabu Ha BpemeTo. OcoOeHO Tpe3 MOCIEAHUTE JBE JECETHICTUS Hal-aBaHTapJAHUTE OT TE3U
CUCTEeMH ca W3IOJI3BAIIUTE TPETOTO HM3MEPEeHHe, KAaTo TojsMa YacT OT TAX ca Oe3MUIIOTHUTE
nerarenHu cuctemu (BJIC). Te3u cucremmn, KOMOMHUpPaHU CbC CHOTBETHOTO OOOpyJ/BaHe, Ouxa
MOTJIH J1a peliaBaT MUPOK KPbI' OT MUCHH U 33JJa4H.

[lossBaTa Ha ma3zapa Ha HEOOXOJMMHUTE KOMIIOHEHTH (JIETaTeIHW amapaTd, aBHOHHKA,
TEJIEKOMYHHUKAIMs, MOOWIIHA TPUIIOKEHUS 32 YIIPaBJICHUE), OBEIE J0 MOPEAHHS] TEXHOJIOTHYEH
CKOK B WH(OPMAIIMOHHUTE TEXHOJIOTHHA, a HWMEHHO: MAaCcOBHM3HMpaHE Ha W3IOJ3BAHETO Ha
6esnunotHuTe netatenyu anapatu (bJIA), cHabnenu ¢ HeoOxonMMaTa CKaHHUpallla Ui U3MepBalia
amaparypa 3a HabupaHe Ha pa3HooOpa3Ha MHQOpMAIKs 3a MMPOCTPAHCTBEHO 000COOEHU 0OEKTH U
seinenust [1].0T mpyra ctpaHa macoBoTo u3mosizBaHe Ha bJIC3apaxkna Hyxjaata OT HOpMaTHBHA
paMKa OTHOCHO 0e30IacHOTO WM H3MOJ3BaHe, Oe3 HapyllaBaHe Ha JIMYHO MPOCTPAHCTBO, KAKTO U
M3MOI3BaHETO UM 33 TPOTUBOMPABHU U MPECTHITHU JCHCTBUS.

KbM MOMeHTa HsMa JeHCTBalla KaTeropuyHa HOPMAaTHYHA ypenda, ¢ KOATO Ja Oble
cboOpazeno momsBaHetro Ha bBJIC, koeTo TmpoBOKHMpa pa3BUTHETO Ha CHUCTEMHTE 3a
npotuBoaeiicTBue Ha BJIC, HaKoM OT KOUTO 1mIe OBAT pa3riieIlaHu B Ta3W CTaTHSI.
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2. CucremMu M TEXHOJIOTHH, M3M0JI3BAHU 32 poTuBoaeiicteue Ha BJIC

Cuctemara DroneWatcher na amepukanckus mpousBoguren DeTect e gocta rpBKaBa U
npucrocobrMa cuUcTeMa 3a HaMHUpaHe, IpocieAsBaHe, NpenynpexaeHue u 3abpana Ha BJIC,
BKJIIOYBama kakTo pagapHu (Harrier DSR), Taka u TexHojmorumu 3a aHaliM3 Ha CUTHAINTE
(DroneWatcher RFu DroneWatcher APP) [5]. Bcsika eqHa oT Te3u TEXHOJIOTMM MOXKE Ja ca
U3II0JI3Ba KAaKTO MHIMBMIYyalHO, Taka M B KOMOMHAIUs, 3a JlJa OCUT'YPU HHMBO Ha CHTYpHOCT
cnerpuuHo 3a Bceku mnoTpeduten.llpunoxenuero DroneWatcher APP, koero e mocthmHO B
Google Play, npenocTaBst eBTHHA, HO CPAaBHUTEJIHO €()EeKTUBHA TEXHOJIOIMS 32 3alllUTa Ha JIMYHATa
HENIPUKOCHOBEHHOCT M CUTYpHOCTTa Ha Majlku mnpeanpusarud. Ilpu Hyxna oT nmokpuBaHe Ha IO-
roJisiMa IUIOII € Bh3MOYKHO pasrpblllaHe Ha HIKOJIKO ycTpoicTBa ¢ akTuBupanDrone Watcher APPu
M3IION3BALIM JombiIHUTeNHATa yeinyra Ha DeTect, DroneWatcherWEB, upe3 kosro moxe na ce
OCUTYpU TOJIIMa 30Ha KOHTpojupaHa M 3abpaHeHa 3a BJIC, xoero e moaxoasmio 3a JeTHIna,
3aTBOPH, TIOJIEMH CIOPTHM METONPHUATUS HA OTKPUTO MU Jpyrd. HemocTraTbk Ha MOCOYEHOTO
NpuJIoKeHue, € ue peructpupa eauHcTBeHo bJIC, kouto padotsat ¢ WiFi.

3a TO-BHCOKM H3UCKBaHUSA KbM CHUTYpHOCTTa KbM DroneWatcher APP morar ga Obaat
unterpupanu u Harrier DSR (Drone Surveillance Radar) u DroneWatcher RF (Radio Frequency), ¢
koeto na ce gocturHe 100 % curypHoct Ha BB3AYIIHOTO HpocTpaHcTBO, katro APP u RF
TEXHOJIOTUUTE OTKPUBAT, IPOCIIeAsBaT U uaeHTUGuuupar paguoynpasisiemu bJIC, a TexHomorusra
Harrier DSR namupa u npocnenssa bJIC 6e3 paauo ynpasieHHe WM aBTOMAaTUYHO MPOrpaMUPaAHH
3a U3I'BJIHEHUE Ha ONPEAETICHU MUCHH.

Harrier DSR mpencraBnsiBa yCHBBPIICHCTBAH, BOCHEH, EJICKTPOHEH, JOIUICPOB pajap,
IIPOEKTUPAH 32 OTKPUBAHE Ha 1IeJIU C MaJIKU pa3MepH, KoiTo HaxexHo oTkpusa BJICB paauyc ot
2 ¥ moBeYe MHJIM. 3a pasifKa OT mocoueHuTe A0TyK TexHonoruu,Harrier DSR 3acuuabJIC, kouto
ca Oe3 paauoynpaBieHHE WIM ca OporpaMHpaHM Ja cieasar 3agaeH Mapupyt no GPS.
Enextponnusar pagmap Ha DeTect, npemara mo-Bucoka IPOU3BOJUTEIHOCT, IMO-ABJIBI IOJIE3EH
KHMBOT M IO-HUCKM Pa3Xodu 3a MOJIPBHXKKA CIPSIMO KOHBEHIMOHAJTHHUTE paJapHU CUCTEMHU,
0asupanu Ha MarHeTpoH. Harrier cbmio Taka BKIIOYBa ychbBBpIIeHCTBaHAa SQL crcrema 3a gaHHH,
KOSITO OCUTYpBa KiIacu(UIMpaHe Ha LEJIEeBUTE IPYNH B PEATHO BpEME M OTXBBPJISHE Ha (pajiuBu
L[EJIM KaTO NTUIM U cMylieHus.Cuctemara MoXe J1a B3aUMOJIeCTBa U ¢ BU/IE0, aKyCTUYHH U IPYTU
TEXHOJIOTMH Ha APYTd NPOU3BOAUTENN M BKIHOYBAa KOoHcouuaupana WEB ycnyra 3a nokassaHe Ha
CUTYalUsiTa B pEAIHO BpEMeE, 32 KOHKPETHHU CAUTOBE U PETHOHMU.

Harrier, Moxe Ja ce HHTErpUpa ¢ TEXHOJIOTHUTE 32 KOHTPOJ Ha BB3JyLIHOTO MPOCTPAHCTBO,
npousBeneHn He camo oT DeTect, HO u oT Tpetu cTpaHu. EnHO TakoBa perieHue mpemjiarat ot
komnanusita Prime Consulting & Technologies mpu TsxHata cucrema Anti Drone (www.anti-
drone.eu), kpeTo uma Bb3MokHOCT Harrier DSR na 0b1¢ koMOMHMpPAH ¢ panapa 3a IepruMETPOBO
HabmoneHue Spotter RF, xoliTo 4pe3 u3BbpIIBaHE Ha CHEKTpajleH aHaiu3 oTkpuBa Kakto BJIC,
Taka ¥ MECTOHAXO0KJICHHETO Ha onepaTtopa [6].

Jlpyra TexHOJIOTUs, KOATO MoXke na Objae uHTerpupaHa B AntiDrone, ca akycTHUHUTE
CEH30pH, KOUTO ca B chcTosiHue na oTkpuatbJIC, nopu ako ca HeBUIMMU 3a pajapu, WM HAMAT
Pagvo4YeCTOTHU BPB3KH.

AKYCTUYHUTE CEH30pU C€ HW3MOJ3BaT OT CHJIWTE 3a CUTYpHOCT, 3a Ja ce HAeHTuduuupa
HepaspewmeHoTo npoHuksane Ha bJIC B 3amurtenn 30Hu. CeH30pHATa MpeXa OCUTYpsiBa CUTHAJIUA B
peasHo BpeMe, KakTo U chOupane Ha mudpoBu jaokazarenctBa. Censopure 3a oTkpuBane Ha bBJIC
pabotar chriacHo cieanara cxema: Cinymane-Ananuz-Unentudukanus-Curaaim.

Cnymane: /[latunnure 3a orkpuBaHe Ha BJIC pa3no3HaBar yHUMKadHU 3BYKOBH CHTHAIU OT
pasnuyHu THNoBe miardopmu. C Ipyru TyMH, aKyCTUHYHUTE CEH30PU CIyIIAT OKOJHUTE JEHHOCTH
B pEaJIHO BpeMe M aBTOMAaTUYHO B3eMar 3ByKOBH MpoOH, B ciyyall ye ycemar aktuBHocTTa Ha BJIC
Ha0M30.
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Anamu3: Censopute 3a otkpuBaHe Ha bJIC cpaBHsABaT 3BYKOBHUTE NMPOOW C aKyCTHYHHTE
CHUTHAJIM OT BrpajzeHarta 0a3za OoT JaHHU. AKO ce HaMepH ChBIaJeHHE, aKyCTUYHATa CHCTEMa 3a
OTKpUBaHE Ha amapaTh 3anucBa uAeHTH(UUMpamaTta WHGOpMalus W aBTOMAaTHYHO U37aBa
IIpeNyNpexICHUE.

Nnentudukanus: Cucremara 3a akyctudHo oTkpuBaHe Ha BJIC uma Gorara 6asza ot njaHHU 3a
aKyCTMYHU TOJIIMCH, KOUTO 03BOJISIBAT Ja ce pasrpanundar bJIC oT npyru mrymMoBH M3TOYHMIM C
BHCOKO HMBO Ha TOYHOCT ¥ HUCKO HUBO Ha (hajlliiBU alapMHu.

Curnanu: MomenTHuTe npeaynpexaeHus 3a peructpupanu bJIC morat na ce npegasat upes
€JeKTPOHHA Tmoma, SMS, ChIEeCTBYBAIllM BHUJEO CHUCTEMHU WIM CHCTEMH 3a YIPABICHHE Ha
WHIUACHTH, KaKTO M BHU3yaJeH HMHTep(elc C OoTpa3siBaHE B peallHO BpeMe Ha 3a00WKasAlIUTe
AKyCTHYHH JEHHOCTH.

B AntiDrone cuctemara moraT Ja 0baT MHTETpUPAHU TEXHOJIOTHH HE CaMO 3a OTKpPHUBAaHE U
npociieasiBane, HO U 3a HeyTpanusupane Ha BJIC. Tosa ca cienHuTe 3ariymuTeNId Ha CUTHAJIN:

RCIED JAMMER - ycrpoiicTBoTO € 6a3upaHo Ha ChbBpEMEHHATAa TEXHOJIOTHS Ha PEaKTHBHO
3aryiyliaBaHe ¥ € CIeHUaTHO KOHCTpyHpaHO 3a Oopba ¢ JAWCTAaHIMOHHO —YIIPaBIIIEMHU
uMIpoBu3upann  B3puBHU ycTpoiictBa (Remote Controlled Improvised Explosive Devices).
Cucremute 3a 3armymasaHe RCIED, HambiaHO OTroBapsT Ha ChBPEMEHHHUTE 3alljlaxu M Ce
XapaKTepU3UpPT C Bb3MOXKHOCT 32 MOAAbpPKaHE Ha pabOTHO CHCTOSHUE 32 JBJIBI IEPUO OT BpPEME,
KAKTO U JIECHA MHCTAJIAIUS U JJEMOHTAX Ha MACTO.

3arnymmrenute Ha RCIED umar pasmmpenu QyHKIMU 3a Iporpamupane, Obp3u HaCTPOMKU
M JecHa yrnoTrpeda, MMaT BBHHIIHM OaTepuu 3a aBTOHOMHa paboTa M Morar JIECHO Ja Obaar
TPAHCIIOPTUPAHHU.

OcHoBHOTO mpenuMcTBOo Ha 3arinymurtenure RCIED e mporpamupyeMoTo TreHepupaHe Ha
CUTHAJI, KOETO OCUTYpsIBa [IEHHA aJaNTalus KbM Pa3JIudHUTE BPEIHU CUTHAIM.

MERITIS JAMMER - 3arnymmrenute Ha Meritis ca crenuaiHo pa3padoTeHu, 3a Aa Obaar
n3noi3BaHu B cucremu 3a 3amura ot BJIC. Te ca B chbCTOSIHME aBTOMATUYHO J1a OTKPUBAT PAUO
CUTHAJIM C [IPEIBAPUTEIIHO OIPEIETIeHA YECTOTa B IEPUMETHhPA HA CUTYPHOCT.

3arnymurensT Moe Ja Objae mepcoHanu3upaH U na O0paaT aeduHupanu 3oHu 0e3 BJIC.
Koraro HapymuTenst ce 100JIMXKU 10 KPUTUYHA UHPPACTPYKTypa WIM HapYIIM [TOBEPUTEITHOCTTA
Ha YacTHUTE IIOMEIIEHUs, OJIOKMpamuaAT OJOK Ce akTHBMpa aBTOMATHYHO, 3a Ja 3arIylld
OTKPUTHUTE YECTOTH Ha MOTEHIMAJIHA 3aIljaxa.

PHANTOM JAMMER — Komnanusra Phantom Technologies LTD e cneunanusupana B
IIPOU3BOJICTBOTO HA BUCOKOTEXHOJOTUYHH CUCTEMH 3a 3ariylliaBaHe, U3I0JI3Baiiku Hall-MOIEpHUTE
KOMIIOHEHTH U TEXHOJIOTUU. ENMH OT Hall-U3BECTHUTE MPOAYKTH HAa KOMIIAHUATA € 3ariaylIUTEIAT
3a BJIC Eagle108. To3u 3armymuTen € crenyaiHo Ch3/1aJieH, 3a ga HeyTpanusupa BesikakBu BJIC,
KOHUTO BJIM3AT B 3aIUTEHU 30HU.

Ta3u cucrema 3a 3arnymasane Ha bJIC u3nos3Ba MacuB OT HACOUYEHU aHTEHU 3a CKaHUpaHe
Ha ponu. Koraro cucremara oTkpue 3amiaxa, TS M3MIpalla aBTOMaTHYHA KOMaHJa KbM OJ0Ka 3a
OJIokMpaHe. 3arIylIUTEeNSIT OJIOKMpa BCHYKUA PATUOKOMYHHKAIIMOHHW KaHaIW, BKJIIOYUTEITHO
BHI€OBpB3Ka U GPS curnanm.

Cucremarta € B CbCTOSIHUE TOYHO Jla OTKpHe nmocokara Ha bJIC u ga npenaae KOHKPETEH JIbY
nupekTHO KbM Hes. Koraro toBa ce ciyun, BJIC rybu komyHuKamusi ¢ omeparopa CH, KakTo U
OpHUEHTAIIMS 32 MECTOIOJIOKEHUETO CH.

Cucrtemara uMa yn00eH 3a nmorpeOutens uHTEpdec, KOUTO MoKa3Ba OTKPUBALIMS a3UMYT U
CbCTOSSHUETO Ha 3ariymaBaHe. brarogapeHue Ha  yChbBBPIIEHCTBAHUTE TEXHOJOTHUH 32
3arnymaBatne Ha BJIC, uznon3Banu B cucremara, pabOTHUAT AUANA30H JOCTHUTA JI0 2 KHJIOMETpA.

Jlpyru TeXHOJIOTUH, KOUTO MoraT a Obaat uaTerpupanu B AntiDrone cucremara, ca BUeo u
TEPMOBH3MOHHO HaOIIO/IEHUE U HE Ha MOCJEeIHO MSCTO - aKyCTUYHM YCTPOMCTBA C rojsiM 00XBar,
YUATO 1€ € Jla MpOoTUBOAeCTBAT Ha omneparopa Ha BJIC, kaTo ro AE30pUEeHTHpAT U OTBJIEKAT
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BHUMaHHETO My OT KoHTpoia Ha BJIC, kaTo B CBIIOTO BpeMe OCUTYpSIBaT Ha CIIY>KUTEIHUTE I10
CUTYPHOCTTa He0OXOIMMOTO BpPEMeE 3a 3aJlaBSHE HA HAPYIIUTES.

Enna wm3ipio eBpomeiicka cucrema 3a mportuBojeiictBue Ha BJIC e mpoekrwrSafeShore,
KOHTO € 4acT OT eBpoIlelickaTa Iporpama 3a Hay4yHHU M3CIIEBAaHUS U UHOBALMHU ,,XOpu30HT 2020%.
OcHoBnara nen Ha SafeShore e ga mokpue ChIIECTBYBAIIUTE MPONYCKH B HAOIIOJCHHETO Ha
KpailOpeXHUTE TPAHUIIH, 1a YBEIUYU BbTPEIIHATA CUTYPHOCT, KaTO MPEJOTBPATH TPAHCTPAHUYHATA
MIPECTBHITHOCT, KaTO HanmpuMep Tpaduka Ha Xopa U KOHTpabaHaata Ha HapkoTuuu. Cuctemara uma
BB3MOXHOCT J1a ObJc WHTETPUPAHA BHB BEUE CHINCCTBYBANIUTE CUCTEMH 3a HAOIIOJCHHE Ha
MOpPCKHUTE TPaHHUIM, C KOETO Jla C€ Ch3JajJe €JHa HEeNpeKbCHaTa JMHUS Ha HaONoJIeHHuE Ha
Operosara uBua [4].

OcHOBHATa TEXHOJIOTHS, KOATO IIE CE M3IOI3Ba 32 OTKPUBAHE HA MAJIIKU OOCKTH, TIPETUTAIIN
Ha Manka BucounHa, € 3D LIDAR, koiTo ckaHupa HEOETO M Ch3/aBa HaJ 3alllMTeHaTa 30Ha
BUPTYyaJieH KyNoJieH IUT.Ta3u TEeXHOIOTrus U3M0JI3Ba UMITYJICEH Jla3ep, ¢ KOWTO 00IbYBa LENTa U
oTpesiesisi Pa3CTOSIHUETO /10 Hesl CIopel] M3MEpeHHsl OTpa3eH umnysc. Pa3nukute BbB BpeMeETO 3a
BpbIIaHE HA UMITYJICA U JBJDKMHATA HA OTPa3€HATa BBJIHA JlaBa Bb3MOXKHOCT 3a M3JpaKJaHE Ha
TPpUU3MEPHA BB3CTAaHOBKAa Ha IenTa. 3a Ja ce mogobpu orkpuBaHeTo,SafeShore mHTerpmpa 3D
LIDAR ¢ macMBHM aKyCTHYHU CEH30pH, IACHUBHO PAJAMOYECTOTHO 3aCHYAHE M BHJIEO AHAJU3.
[InaBarenHuTe cpencrBa U xopara mo Opera me Obnatr orkpuBanu ¢ 2D LIDAR, uHTEerpupan c
BHJIe0 aHanu3.Te3u TeXHOJOTMH MOTAaT J1a Ce Pa3riiekKaaT KaTo OIOKETHU TEXHOJIOTHH, AN
okosiHaTa cpena (,,3enenu).OyakBa ce, 4e KOMOUHAIUS OT TexHoioruu karo LIDAR, macuBHU
pauo ¥ aKyCTUYHU U BUJCO aHAIM3H, 1€ CTAHAT 3abJDKUTEIHH 32 ObJICI CUCTEMH 332 TPAHUYEH
KOHTPOJI B UyBCTBUTEIIHU KbM OKOJIHAaTa cpeaa obnactu [2].

Moobunaute tiargopmu SafeShore me Obmar cBbp3aHu upe3 codryepHaTa ImiaTdopma
Situation Awareness and Management System (SSMS), kosTO 111 TIpeI0CcTaBs U34YepraTeseH Habop
oT copTyepHU MHCTPYMEHTH 3a YIIpaBJIEHUE Ha LEJUs UK Ha paboTa OT KOMaHJI€H U KOHTPOJICH
ueHTbp. Cucremata SSMS SafeShore e mogo6pu 3HaUUTENHO U €(hEKTUBHOCTTA HA TPaHUYHATA U
BBHIIIHATA CUTYPHOCT, OCBEH TOBA MIPOEKTHT I11€ HACHPUU U CHTPYJHUYECTBOTO MEXKY BIIACTUTE.

[IpoekThT € Ha o00mIa CTOMHOCT HajJA S5 MWJIMOHA €BpO M Ce€ KOoOopauHUpa OT benrus.
bearapckoro ywactue B Hero e ot ¢upma ,,OIITUKC® AJl. Cpen apyrute ydacTHHULHM ca:
Kpanckara BoenHa akagemusi Ha benrusi, nonnonckust ynusepcuter Queen Mary, UHCTUTYTBT 1O
onToenekTpoHnka B PymbHus, benruiickara OperoBa oxpana, pymbHckara ¢upma UTI Group,
M3paeicKara HalUMOHAJIHA TMOJULHKA, PyMbHCKAaTa rpaHu4yHa nomuuuss U Japyru. CpokbT 3a
W3MBJIHEHHE € 3 TOAMHH, KaTo KpaitHa narta e onpenesneH 31 okromBpu 2018 ronuna.

3. IlpuiioskeHHe HA TEXHOJOTMHUTE 32 OTKpHBaHe U npoTuBoaeiicTBue Ha BJIC ot kiac I
kareropus , Munu* u ,,Muxkpo“.

CnenBa na pasriename 10 KakBa CTEIIEH ca MPUIOKUMHU CIIOMEHATUTE 10 TYK TEXHOJOTUH 3a
0bp30TO U anekBaTHO oTkpuBaHe Ha BJIC. 3a nenra me usnonszpame knacuduxausata Ha HATO 3a
0e3NMUJIOTHH JIETaTeTHU CUCTEeMM M Ine pasriename kiac I (o 150 kr.), KpAeTo ca BKIIOYEHHU
kareropuute ,,Munu* ( 2 1o 20 kr.) u ,,Mukpo* (< oT 2 Kr.), KOUTO Ca HAU-IIMPOKO MU3MOI3BAHUTE.
BJIC ot Te3u kiacoBe, WM YAaCTH 3a M3TPaXKJAHETO MM, MOTaT Ja ObJAT 3aKyNEeHU JUPEKTHO OT
THProOBCKaTa Mpexa [7].

Taoauna 1: Knacuduxauus Ha HATO 3a 6e3n1u0THH JIeTaTeIHA cHcTeMH Kiac |

Knac Kareropus Bucounna Ha oneta Panuyc Ha nelictBue
Kimac I (mo 150 kr.) Manku (> ot 20 kr.) 10 1650 m. 10 50 kM.
Munu (012 10 20 kr.) | 10 1000 M. 70 25 KM.
Mukpo (< ot 2 kr.) 10 650 M. JI0 5 KM.
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BJIC B Te3m kmacoBe MoraT jJa ce pa3lelarT Ha ClAeAHUTe 3 TPyNmu CrHopel BHIa |
KOHCTPYKILIMATA Ha JieTaTeaHara miatdopma [7]:

e MynaTHUPOTOpPHH (C POTHpAILM KpHJia) — IIUPOKO PA3MpPOCTPAHEHHU, JIECHU 3a YIpBIEHUE,
M3MOJI3BAT 3 WM [TOBEYE POTUPAILU KPHIIa.

e [lmanepu (C HEMOABM)KHHU KPUJIa) — IPOU3BEIICHU OT MAaTEePHAIH, MOTIIBINAIIN WU CJIa00
OTpassBallly paJapHus CUTHAIL.

e JlxeroBe (3aJBMKBAaHU C pEaKTHBHA TypOMHA) —OOOpYyABaHM C MallbK PEAKTHUBEH
nsuraten. PazsuBat ckopoct oT 400 km/4.

J'IaHep Myntupotop Jxer
®@ur. 1. Bunose mnatdgopmu 3a BJIC

B Ttabmmma 2 ca omucaHW CHOCOOHOCTHTE Ha pPAa3IMYHUTE TEXHOJIOTHUH, W3IOJI3BAaHU B
cucremute 3a mpoTuBojeiictBue Ha bJIC, ga OTKpuBaT CHOTBETHUTE JIETATENHHU IIIATHOPMHU OT
tunoBe ,Munu“ u ,Mukpo®“. I[IpaBu BHeuaTiieHHEe, Y€ HAW-IIUPOKO PA3MPOCTPAHECHUTE
myatupoTopHu BJIC ca iecHO OTKprBaeMu OT BCUUKH Pa3IJie/laHu [10-TOPE CUCTEMH.

Taoauua 2. CiocoOHOCTH Ha pa3IMYHUTE TEXHOJIOTHH, U3II0JI3BAHU B CUCTEMUTE 33 IPOTUBOJCHCTBUE Ha
BJIC 3a oTkpuBaHe Ha JeTaTeqHH 1aThOpMHU OT TUIOBE ,,MuHu" u ,, Mukpo*

MynTtuporop ITnanep Jlxer

Buneonabarogenue

AKTHBEH paaap

LIDAR

AKYCTHYHU CEH30pHU

CriekTpoaHanu3aTopu
(WiFi, ynmpaBnenue
KOMYHUKAIMH U IPYTH.)

@ 00000

OTKpI/IBaHe Ha MaroHuTHHu . .
II0JICTa

@ OrxpuaemO Tpymuo orkpusacm @ HeoTkpusaem

He Taka crom BBIOPOCHT € IUIaHEPHUTE, KOUTO ca MPOU3BEIEHU OT MaTepuaad, KOUTO
MOTJTBIIAT PAJlaPHUSI CHTHAI HJIM UMaT ChBCEM cllab0 oTpaxkeHHe. Te3w miaThopMy H3IOI3BAT
BB3/IYIIHUTE TEUYCHHUS 32 MPHUIBIKBAHETO CH, HO MOTaT Ja ObaT 000pyABaHH U C JBUTATEN, KOMTO
“Ma BB3MOXKHOCT Ja C€ CIUpa 3a JIBJITH MEPHOAU OT BpeMe, KOETO T'M NMpaBH HEOTKPUBACMH 32
aAKyCTHYHUTE CEH30PH.

Ot tabnuna 2 craBa sICHO, Y€ Hal-TpyaHH 3a oTkpuBaHe ca bJIC, 3anBmkBaHu ¢ peakTHBHA
TypOuHa, KaTo TOBa ce 00yClIaBsl OT BUCOKAaTa ¢ KOPOCT, KOSITO pa3BuBar. EQMHCTBEHATa CUTypHA
TEXHOJIOTHUS 32 OTKPHBAHETO UM Ca aKyCTUYHHUTE CEH30PH, TIOPaad CHIIHUS U CICIU(PHUYEH 3BYK,
W3J1aBaH OT JIBUTATETIS.

B tabmmmata ce BBXKAa CHINO, Y€ TEXHOJOTHUTE 3a OTKpMBAaHE Ha MAarHUTHUTE TIOJIETa,
m3npuBanu oT BJIC, Hama ma Obae edexTuBHA, MOpaaAM MaJKUTE pa3Mepu Ha TiatrGopMmuTe OT
pasrienaHuTe KaTeropuu.
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4, 3akI04enue

ChnocTaBsiiki pa3riielaHuTe CUCTEMU 3a NpoTuBojercTBue Ha bJIC u m3non3BaHuTe B TAX
TEXHOJIOTUM C XapaKTePUCTUKUTE Ha pPA3TUYHUTE JeTaTeNHu IargopMu, Morar naa Obaar
HaIlpaBEHU CIIEIHUTE 3aKIFOUCHUS:

1. Cucremara DroneWatcher na mpousBoaurtenss DeTect e mpunoxkuma 3a Hal-ITUPOKO
pasmpocrpanenara Ha nasapa rpyna bJIC, Ho He Moxe na rapaHTHpa BUCOKa €()EeKTHBHOCT IpH
Bcnuku rpynu BJIC ot xkateropuure ,,Munu‘ u ,,Muxpo.

2. VHTterpupaHeTo Ha TEXHOJOTMH KaTO AaKyCTMYHU CEH30pW U 3ariIylluTeNd KbM
cuctemata AntiDrone, 3HauuTenHO moBHIIaBa €(EKTUBHOCTTa M Ipu oTKpuBaHe Ha BJIC, HO
U3MO0JI3BaHETO HAa aKTUBEH JOIIEPOB pajap HE € OCOOEHO YCIEUIHO NpPU OTKPUBAHE HA MAJKU
OBP30ABIKEIIH CE€ 1IeTTH U TaKKBa W3padOTEHU OT MaTepHau MOTIBIIAIIY WIH €1a00 OTpa3sBallu
pagapHus CUTHAIL

3. Texnomorusra LIDAR, u3nons3Bana B npoekra SafeShore, ce odepraBa karo Bojemia B
M3rpaXJIaHeTO Ha ObAeImUTe CUCTeMH 3a mpoTtuBoaeiictBue Ha BJIC, a umHTerpupanero i c
TEXHOJIOTMM KaTO AaKyCTUYHM CEH30pU U TEPMOBHU3MOHHM KaME€pH, 3HAUUTEIHO IIE MOBUIIH
epeKTHBHOCTTA Ha cucTemara npu Bcuuku rpynu BJIC ot kareropuute ,,Munu® u ,,MuKpo.
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ASYSTEM AND A METHOD FOR DYNAMIC DATAVERSION
MAPPING IN AWEBSITE BUILDING SYSTEM

Dimitar Z. Dimitrov, Elena V. Racheva

Abstract: A system for a website building system, implemented on a server, the server having at least one
processor and a memory, including a website data managing system to process data to the currently
described system. A method, implemented by the described system, for dynamic data version mapping
further referred to as “DVM?”. The system allows the storage of multiple versions of a data structure of a
component block, depending on the time of creation, to migrate and work to any version of the website
building system, which in turn enables rapid development and short release processes.

Key words: Website building system, Multiwebsite system, Data mapping, Data versioning, Data migration,
Big Data

CUCTEMA U METO/J 3A THHAMNYHO MAINIBAHE HA BEPCUHU HA
NHPOPMALIUA B CUCTEMA 3A Cb3JABAHE HA YEBCAUTOBE

Humutsp 3. Jumutpos, Enena B. PaueBa

Pesrome: [Ipennara ce cucrema, npe/CTaBIIsBaIla YacT OT MO-ToJIsiMa CHCTEMa 3a Ch3JlaBaHe Ha yeOcalToBe.
CI/ICTeMaTa € UMIIJICMCHTHpaHa Ha CbPBbP, UMAIll IIOHC CIWH IIPOLCCOP U OIICPATUBHA MMAaMCT W BKJIIOYBAIL]
CHCTEMa 3a yIpaBlieHHe Ha yeOcalT maHHH, IpeIHa3HAUYCHU 3a OIMcaHaTa cucTema. IIpemmoskeH e MeTox 3a
JMHAMUYHO MallBaHE Ha BEPCUM Ha JaHHM, MO-A0Jy Hapudanu ,,DVM®, uMmIiuieMeHTHpaH B omucaHaTa
cuctemMa. CucTemaTa MO3BOJISIBA CHXPAaHCHHETO Ha MHOXKECTBO BEpCHU Ha CTPYKTYpPH OT JaHHU OT
KOMITOHEHTEH OJIOK, B 3aBUCHMOCT OT BPEMETO Ha Ch3IaBaHETO UM, MUTPHPAHETO U OIEPHPAHETO UM KBM
BcAKa co()TyepHa BepcHs Ha CHCTEMa 3a yNpaBlIeHWE Ha yeOcailToBe, KOETO Ha CBOM pel TO3BOJSIBA
YCKOPEHOTO pa3pabOTBaHE U KPATKUTE MPOIICCH HAa M3/IaBaHE HAa HOBU BEPCHUU.

KmrouoBn nymm: Cucrema 3a ch3jaBaHe Ha yeOcalitoBe, MHoOrocaiitoBa cucrema, MarBaHe Ha JaHHH,
Bepcuu Ha nanau, Murpauust Ha JaHHU, ["oneMu JaHHU

1. Field of the Invention

The present invention relates to website building systems generally and to editing tools in
particular.

2. Background of the Invention

Interactive website building systems are now commonly used to design dynamic websites.
The definition “multiwebsite system” [1] refers to a website building system architecture which
consists and controls a set of many websites. The DVM system is applicable to a multiwebsite
system. A website building system can be a standalone system, or may be embedded in a larger
editing system. The website building systems can be implemented to execute in an online, offline or
partially online environments. The proposed system is applicable to all types of website building
systems in this classification. It has most advantages to online implementations, such as SaaS
(Software as a Service) delivery, allowing a rapid development of a system with fast delivery
methods.

Websites created using a website building platform are typically created and edited by users
and then accessed by end users.

A website building system typically allows the user to create and edit applications. A visually
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designed application consists of pages, containers, and components. Pages are typically displayed
separately and contain components. Components are typically arranged in a hierarchy of containers
(single page and multipage) inside the page including atomic components. A multipage container
may display multiple minipages [2].

Components typically have attributes (e.g. size, position, color, frame type, etc.) and possibly
content (e.g. contained text in a text component).

Pages may use templates either general page templates or component templates. Specific
cases for templates include the use of an application master page containing components replicated
in all other regular pages, and the use of application header/footer (which repeat on all pages).

Components may be fixed (such as a given geometrical shape) or based on a content
management system (CMS) (such as a component containing a picture selected from a database of
available pictures). Such a database may be extended by the user though importing (in this example)
additional pictures.

Components may also be based on user-specified content, (such as a text area into which the
user enters text) or be based on external information (static or dynamic), such as a RSS feed
displaying information from an external data source or the content of a given internet page.

Component appearance can be modified by resizing, rotation and similar operations. Their
appearance and behavior can also be modified by various modifiers, such as blurring and animation.

A specific set of attributes for a given components (e.g. a button having a given shape, color,
text font) is referred to as component configuration. It will be appreciated that the component
configuration definition does not include its content (e.g. the buttons’ text label), position and size
[3].

3. Summary of the Invention

This paper describes a system which manages a live migration of object data structures,
representing website components and a method for dynamic data mapping used by the described
system. The system will allow rapid development of new component versions. The system works
alongside other systems in the website builder system. Such closely dependent systems are a
dependency manager system, which takes care of how component versions work together and a data
manager system, usually a parent system of the DVM system, which controls the input and output
data from and out of the DVM system. Often website builder systems evolve in size and has and its
data management system should be planned as a big data system. The suggested system is designed
to work most efficiently NoSql (Object/Document) [4, 5] type of database with an appropriate
ODM (Object Document Mapping) System [6], but it also can be implemented on a relational
database with an appropriate ORM (Object Relational Mapping) System [7]. ORM can also be
blended with an ODM System [8, 9].

4. Requirements to the Data Management System of the Website Builder System

The data management is a part of a separate system in the website building system, but a
requirement for high performance of the data management system is mandatory for the DVM
system to operate, being designed to work in real time.

Big Data applications are typically characterized by the 5Vs [10, 11], i.e. volume, velocity,
variety, value, and veracity. More databases capable of high data 1/0 speed are necessary (i.e.
velocity); the possibility of storing variable types of data by means of nonfixed schemas (i.e.
variety) is desirable; the data accuracy and correctness (i.e. veracity) must be guaranteed by means
of data quality techniques; and the storage, analysis and mining of data should lead to new insights
which can be turned into new value. NoSQL databases are key to supporting Big Data applications,
since they enable handling large quantities (i.e. volume) of highly-variable (i.e. variety), user-
generated contents while guaranteeing fault tolerance, availability (i.e. velocity) and scalability
[12].
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A database system, capable of storing whole data objects and being able to operate with them
at high speed and volume is important for the suggested system to operate, but it is not mandatory if
otherwise optimized for the above-mentioned performance qualities or in cases where the website
builder system is smaller and do not require optimizations in the field of the big data.

Independently to the database selection an ODM or/and ORM layer is mandatory to be
included in the database management system, which will allow migration between databases in
experiments for optimization. An example of widely used open source project which includes both
systems is the Doctrine Project [13, 14].

5. Related Work

The suggested system can be classified as a system using a so called lazy migration method.
Several object mapping libraries exist with a native support to lazy migration. [15]. While a
convenient short-term fix, it is rather easy to specify conflicting migration operations in object
mapper class declarations, even for very basic changes such as adding, removing, or renaming a
property [16]. Moreover, migrations that involve more than one entity at-a-time, or require upgrades
from several releases back, increase the challenge. Other lazy loading, data mapping methods exist,
such as Datalog-based model [17], which formalizes all structural variants of persisted entities in
non-recursive Datalog with negation. In particular, it captures strongly consistent writes and reads
via put and get calls [18].

The method implements data migration but do not explicitly manage a required schema
migration between release versions. It does not define a possibility of backward migration in cases
of software release restoration, also do not define the possibility of a software application to run
numerous versions at the same time. With the suggested DVM system a solution to those issues are
also provided. While the datalog based model is a good approach for stateless dynamic systems,
where the data can be updated numerous times without the need of migration between updates, it is
not optimal for implementation in a website builder system, where data is being represented
visually before updates, and the put requests are most often preceded by at least one get request for
the data, where the lazy migration happens.

For standard data migration there are numerous methods and techniques, which mostly apply
for smaller datasets, for applications that can be usually put offline between releases. Such methods
do not work in a rapidly developed online applications, managing big data.

Data migration is often defined as synchronizing database replica sets, moving data from one
location to another between databases and other type of replications. In the current paper, we do not
refer to this definition and refer to the definition of the migration of a version of a software
component that works with an explicitly defined version of a schema and data set, which can be
migrated between versions of the schema and data, dependent to the component’s version.

6. Full Description of the Invention

The producers of website building systems have chosen different approaches to the version
release process. The mainstream approach is to have long version release cycles. In most cases, we
observe those cycles to be around 3 years. In those systems, some providers decide to put their
systems offline while the migration applies. In bigger datasets, it can result in a downtime in hours
and when migration is not successful it might result in lowering service quality and downtime for
days.

When a producer of a website building system choses a rapid development and version
release process, new versions can be released from several times per year to even several times per
week. This approach requires a more sensitive approach for migration of data between the versions
required.
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A release can be reverted in case of general issues, in that case versions of the newly stored
data should be able to be reverted to its previous versions.

A producer can decide for different users to use different versions of the website building
system. Even to use different versions of modules between users. In those cases, different versions
of the system can be deployed and work at the same time. Which in term means that the data should
be available for all versions of the software at the same time.

Object: Object: AN Object: AN
{ { {
Vi1, v: 2 v: 8
id: 1, id: 1, id: 1,
name: "John", username: "John", username: "John",
css.border: "black” css.border: "black", css.border-color: "white",
} css.color: "white" deprecated: {
} css.border: "black",
ki
}
Object Mapper (v1) Object Mapper (v2) Object Mapper (v8)
{ { {
v, v: 2, v: 8,
id: { css.color: {...} }
default: default value, , map: fn(
validation: fn() map: fn( rename(css.color, css.border-color);
, rename(name, username); delete(css.border, remember_value: true);
name: {...}, ); );
css.border: {...},
12
map: fh();

Fig. 1. Visual representation of versions of a sample data object and object mappers for each version.

The method requires the first version of the object mapper to include a full description of its
properties. This is a requirement in future development of data management subsystems.

In different implementations, it can include a validation function, which can also be migrated
through the object versions. Validation function is not required, but using it can benefit in
developing a data validation system as a subsystem of a the DVM system, instead of designing it
separately.

A requirement for the mapping function is for each of its methods to be reversible. This
enables multiple versions of a software or a component to be running at the same time, also the
ability to revert safely to older versions in case of general issues and disasters.

The definitions of the methods in the mapping function should be implementing to be
reversible. An example of an implementation of the renaming function is:

function rename(field_name, new_filed_name, revert_to_previous_version=false){
revert_to_previous_version ?
this.field_name = new_field_name :
this. new_field_name = field_name;

¥

Some mapping functions might require a storage of data, which is not in use in the latest
versions, but might still be in use in the future version. The example with the delete method requires
an additional deprecated data to be stored in the object itself just for the cases of reverting to older
versions. Mappers can be designed to delete deprecated data for long unsupported versions. For
example the property “css.border” was deprecated in version 8, but still accessible if version 7 is
live to a set of users, when the component reaches version 30, and version 7 is no longer available
to the users, the producer can decide to clear the deprecated data, with an appropriate mapping
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function for version 30.
When using an Object Mapper, developers are required to create such a mapper for each new
version of a component, which requires changes in the schema or the data itself.

Requests
Website

Requests V30

]

|

| while (version!=current_version){
! object.map(version); i
current_version > version ? version++ : version --;

}

Fig. 2. General representation of the workflow of the Data Version Mapping System

In figure 2 a sample version migration function is shown as an example to a possible interface
implementation. The graphic is simplified to show a version of a single component, for the
workflow to be clearer. The data of a website object can consist of hundreds of data objects,
including the data structures of containers like pages and components.

Each data object can have a separate version flow. For example, a component like a Text
Widget can have a new version in the next release of a website builder system, while all other
components can remain in the older versions if no data changes are required.

The example mapping function works in mapping the objects toward a newer or an older
version if required.

The user requests a website with all its components, data management system requests each
component through the DVM system, sending the requested version of the component’s data. The
DVM system in turn requests the version from the database, which can differ from the requested
version. The DVM maps the object and applies all the mapping functions to migrate it to the
requested version.

The DVM system can be called asynchronously even using multithreading if possible in the
process of data retrieval to optimize the migration process. In this way, the hundreds of
components, which a website includes can be migrated in parallel.

By using the DVM system, data which is not in use is never migrated, and in such a way
expensive computing resources are saved.

Conclusions

The described method and system for dynamic data version mapping is another step towards
the intensively growing requirements of sensitive online applications, working with big data. This
paper in particular, suggests the system as a part of a website builder system in particular. Website
builder systems may use hundreds of terabytes of data which is required to be online and live
without any downtime. This is another reason for methods and systems, like the one described in
this paper, to emerge.
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Contemporary online applications tend to move to forms of processes with rapid deployment,
especially with software distributed with the SaaS (Software as a Service) method. The online
website building systems in particular, usually use this distribution method. While deployment
interval in many vendors used to be between up to 3 years between versions, and migration
processes in those cases can be done with the cost of downtime and disruption of service, more and
more vendors choose rapid development processes which can result in shorter deployment intervals
in some cases that being several times per week. These type of rapid development and deployment
processes should be backed up with a rapid data migration methods, including the suggested
method and system for dynamic data version mapping.
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OIITUMM3UPAH BAPUAHT HA AJI'OPUTBMA “IMAGE
QUILTING” 3A CUHTE3 HA TEKCTYPHU U30BPAKEHUA C
MMPUJIOXKXEHUME B CUCTEMUTE C BUPTYAJIHA PEAJTHOCT

Jannena JI. Unuesa

Pe3rome: TeKCTypHUAT CHHTE3 ce Mpuiara IIHPOKO B KOMMIOThpHaTa rpaduka m oOpaboTkara Ha
n300paKeHus, KaTo ChIIECTBEHATa NMPUYMHA 32 MPWIATAaHETO My € HeOOXOOMMOCTTa OT M3IMOJI3BaHE Ha
M300paKeHMsI KaTO ITOKPHUBAIM TOBBPXHOCTH 3a TPHH3MEPHH O00eKTH. ET0o 3amo e Heobxomumo
pa3paboTBaHETO Ha ONTHMHU3UPAHU BAPUAHTH HA aKTyaJHH AJTOPUTMH 332 CHHTE3UpaHe Ha TEKCTYpH,
pasnpezaersiy paboTaTa MEXIY MaKCHUMAIHO ToJisiM Opoil M3IBJIHUTENHU ycTpoicTBa. Tyk ce mpeanara
BapHaHT Ha airopuThMa [Q ¢ HW3MONI3BaHE HA CTaHIApPTAa 3a MPOrpaMHpaHe BHPXY XETEpOreHHA U(ppOBa
mratgdopma - OpenCL (Open Computing Language).

KurouoBu nymu: TexcTypeH cunTtes, anroputbM Image Quilting, Open CL, Open GL

OPTIMIZED VARIANT OF IMAGE QUILTING ALGORITHM FOR SYNTHESIS OF
TEXTILE IMAGES WITH IMPLEMENTATION IN VIRTUAL REALITY SYSTEMS

Daniela D. llieva

Abstract: Texture synthesis is widely applied in computer graphics and image processing, and the essential
reason for its implementation is the need to use images as covering surfaces for 3D objects. Therefore, it is
necessary to develop optimized variants of current algorithms for texture synthesis that distribute the work
between a maximum number of executive devices. Here is proposed variation of the 1Q algorithm using
OpenCL (Open Computing Language) programming standard on a heterogeneous digital platform.
Keywords: texture synthesis, algorithm Image Quilting”, Open CL, Open GL

1. YBoxa

TekcTypHUAT CHMHTE3 HaMupa MPHJIOKEHHE B PAa3IUYHU 00JacTH Ha KOMIIOTHPHUTE HayKH,
HO Haif-uecTo TOW ce mpmiara B cdepara Ha KOMIIOThbpHaTa Tpaduka u oOpaboTkara Ha
n3o0paxkenus. ChlllecTBeHaTa MPUYMHA 3a MIPUJIAraHETO MY € HeOOXOJMMOCTTa OT U3I0JI3BaHe Ha
M300pakeHNs KaTo MOKPUBAIIH MOBBPXHOCTH 32 TPUM3MEPHHU 00eKTH. T03u mpoIiec e mo-mu3BeCTeH
kato Texture Mapping wiu ,,TekcTypupane™.

MeTtoabT ce MmouIbpka OT BCHYKH MOJIEPHU MPHIOXKHO-TIporpamuu uHTepdeiicu (API) 3a
peanmusupane Ha 2D u 3D rpaduxa (Hanpumep: OpenGL u Direct3D). TekcTypHuTEe H300paskeHHs
OOMKHOBEHO C€ TOJIy4aBaT OT CKaHMPAaHW CHUMKH M B TIOBEYETO CIy4YaW T€ ca C TBBPJAE MalbK
pasmep, 3a J1a MOKPUAT LsIaTa MOBbPXHOCT Ha o0ekTa. B Ta3u curyanus npocToTo MOKpUBaHE Iie
JI0BEZIe 1O HEMPUEMIIMBU PE3YNITATH KaTO BHIWMH TIOBTOPEHHS U SICHO M3PA3CHU TPAHHIN MEXITY
OCHOBHHMTE OJIOKOBE.

Ot npyra crpaHa ca HaJIWIE TBHPAEC MalladHU W300pakeHUs, KOUTO MOPAJAH TOJEMHS CH
Opoii mpaBsAT eHO TpapUyHO NMPHIIOKEHHE HEKOMIAKTHO, 3aeMalll0 3HAYUTENIHO 10 00eM 1udpposa
mamer.

TekcTypHUSAT CHHTE3 peliaBa Te3d NPOOJIEeMU upe3 TeHepupaHe Ha TEKCTypH C JKeJIaHU
pa3mepu U kadecTBo. CBHIIHOCTTA HA Tpolieca MOXe Ja ce (hopMynupa Taka: Ipu JaaeHa BXOIHA
Tekctypa lin ma ce cuHTe3Wpa M3xoaHa TekcTypa lout, KosATO Ja € JAOCTaThYHO pas3liiyHa OT
JaneHara, Ho BCe TMaK Jia U3IJIeK/1a, e € TeHEpUpaHa OT ChIIUS CTOXAaCTUYEH MPOIIeC.
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Jpyry TpUIOKEHHs BKJIIOYBAT DPA3IMYHHM 3aJaud 3a 00paboTka Ha HM300pakKeHUs, KaTo
HampuMep 3ambjiIBaHe HAa CHUMKM WIM BHIEO Npu LudpoBa Kommpecus. Tesn u ome Ipyru
MPUYMHU KapaT CHUHTE3UPAHETO Ha TEKCTYPH Jla ce MPEeBbpPHE B IMPOILEC — MO BH3MOMKHOCT IIO-
ONITUMH3UPAH U e(DEKTUBEH.

B wmHoOro cnydam mno-Obp30TO HU3NBIHEHHE Ha JajeHa 3ajJjadya ce pealusupa upe3
pasnapayielBaHeTO i Ha MHOXECTBO MO-MaikH. ETo 3amo e HeoOxomumo pa3paboTBaHETO Ha
ONTUMU3UPAHU BapUAHTH Ha aKTyaJdHH ajJrOPUTMHU 3a CHUHTE3UpAHE Ha TEKCTYPH, Pa3Mpelelisiu
paboTara MeX1y MaKCHMAJIHO TOJsIM OpOil M3IBJIHUTENHHU YCTpoicTBa. To3m edekT ce mocrura
MOCPEACTBOM IpUJIaraHeTO Ha CTaHJapTa 3a M[porpamMHpaHe BbpPXY XeTeporeHHa Iudposa
mwiargpopma - OpenCL (Open Computing Language). Toii mpeBpbilia T€HEPUPAHETO B IPOIIEC,
M3ITBJIHSABAI C€ 32 HEOOXOIMMOTO BpEME M KauecCTBO, a CHIIMHCKOTO TEKCTypHpaHE c€ U3BBHPIIBA
MOCPEJICTBOM B3aUMOBpB3KaTa My ¢ rpaduunus ctanaapt OpenGL.

2. TekcTypHu n300paskeHusi- onpeaeieHusi, CHHTe3UpaHe

TexcTtypaTa npezicraBsuisiBa KOMIUIEKCHO rpaduuHo moHsiHue. Upe3 Hes Moke Jia ce OIHUIIe
TOJSIMOTO Pa3HOOOpa3We OT XapaKTepUCTHKH Ha €JHa IOBBPXHOCT KaTO TEpPEeH, pacTeHHs,
MuHepanu, koxa (¢urypa 2.1). Twit KaTo BB3NPOU3BEKIAHETO HA BU3YalHUS pealiu3bM Ha CBETa
OKOJIO HAC € OCHOBHA IIeJl Ha KOMITIOThPHA TpaduKa, TEKCTYPUTE Ca YECTO M3MOI3BAHO CPEJCTBO 32
TeHepUpaHe Ha CHHTETUYHU H300paskeHus. Te3n TeKCTypu Morar Jia Ob/IaT MOJIy4eHU OT Pa3iuyHu
M3TOYHUIIM, KaTO HApUMEpP PHYHO PUCYBAHU KAPTHUHU WJIM CKAaHWPAHU CHUMKH. PbUHO pucyBaHu
KapTUHU Morar Ja ObJaT €CTeTUYECKH MPUATHU Ha BUJA, HO € TPYAHO Ja ce HampaBsiT (oTo-
peamiuctuyan. [loBedeTo ckaHupaHu M300paKeHHsT 00aye ca ¢ HEAOCTAThUYEH pa3Mep M TOBA MOXKE
Jla TOBE/I€ 10 BUJUMU TPAHUIIM WU TIOBTOPEHUS, aKO T€ CE M3MOJI3BAT JUPEKTHO 3a TEKCTypUPAHE.

@ur. 2.1. TekcTypHU N300paKEeHUS

Hsikonko nepuHuIMM 3a TEKCTypa:

1. BusyaiHo 1 oce3aeM0 KauecTBO Ha MOBBPXHOCTTA — TPAITaBOCT.

2. CTpyKTypa OT IperjIeTeH! KOHIH, BhXKeTa WU IPYTd MOoJ00HHU, KOUTO U3TpakaaT ThbKaHH.

3. XapakrepucTrka, qaBaHa 3a (U3HUYECKa CTPYKTypa Ha 00CKT — Marepual, pa3Mep, popMma,
pa3noJ0XKeHNue U MPOMOPIMH Ha YacTH.

4. OCHOBHO Ka4€CTBO WJIU XapaKTeHa 0COOEHOCT Ha 0OEKT, CHIIIHOCT.

5. B u300pa3uTenHo u3KycTBo:

- XapakTepHo, BU3YaIHO M 0C€3aeMO KaueCTBOTO Ha MOBBPXHOCTTA HA €IHO NMPOM3BEACHUE B
pes3yaTar oT HauMHa, 0 KOMTO ce U3MO0I3BaT MaTepUalIH.

- ImuTanus Ha pearHO Ka4eCcTBO Ha MPEICTaBsSH OOCKT.

Texkcrypute Morar na ObIaT apaH)XMpaHH B IIHPOK JMANa30H: OT CTOXAaCTUYHU [0
cuMeTpuuHu (purypa 2.2):

e CTOXaCTUYHHU TEKCTYPU — TEKCTYPHUTE U300paXKEHUS U3TIIEKIAT OJO0HO Ha IIyM: IBETHU
TOUYKH, KOUTO Ca Pa3NpesieieHn Cy4aiiHO B M300pa’keHHETO, KaTo SIPKOCTTa Ha U30paHUs LBAT ce
M3MEHS OT MHHAMYM J0 MakcHMyM. [loBeUeTo TEeKCTypH H3IIIeKIAT CTOXAaCTHYHH aKo Obaar
HaOJII01aBaHU OT Pa3CTOSHUE.
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e CHUMETpUYHU TEKCTYPH — MPU TO3M TUI TEKCTYpH ce HaOJroaBa MepuoInyHO MOBTOPEHHE
Ha jJajeH eneMeHT. [Ipumep 3a TakbB TUI TEKCTYypa € TyXJIeHaTa CTeHa.

—
rens

;’a

Cumempuiyru HecumempuldrHu cmoxacmudHu

@ur. 2.2. BusoBe TeKCTYpHU U300paskeHHsI

3. IIpouec Ha CHHTE3 HA TEKCTYPHU U300paKeHUsl

CuHTE3MpaHeTo Ha TEKCTYpHHM M300pakeHUs € MpoleC Ha aJrOPUTMUYHO KOHCTpyHpaHe Ha
muppoBd M300paKEHHS C TOJeMH pa3Mepu Ha 0a3ara Ha CTPYKTYpHOTO CBhABp)KaHHE Ha
nzobpaxenne c¢ Manku pasmepu (¢durypa 3.1). To3u mpouec € OOEKT Ha pasriiekiaHe OT
KOMITIOTBbpPHATA Tpadyika M Ce M3I0JI3Ba B MHOKECTBO MPHIIOKEHHS KaTo 00paboTka Ha nudpoBu
n3o0paxenus, 3D KOMIIOTHPHA TpaduKa U MPOAYKIIUH HA PUIMHU.

N X M BXOJHO N300paxKeHHE

é

®@ur. 3.1. [Ipornec Ha TEKCTypeH CHHTE3

OcHoBHaTa 1eNT Ha TMpoleca Ha CHHTE3WpaHe Ha TEKCTYPHH M300paKeHHs € Ch3JaBaHe Ha
M300pakeHne, KOETO J1a U3MIBIIHSABA CIETHUTE U3UCKBAHUS:

e  l3xomHuTe pazmMepu Ha U300paKEHUETO 1a OBAAT ONMPEACIICHN OT MOTPEOUTEI.

e [lomyyeHoro wu300pakeHne TpsiOBa Ja MpUIMYa MaKCUMaJIHO Ha H3XOJHOTO
M300paKeHHeE.

e  TlomydyeHoTo n3o0pakeHUE HE TPsIOBaA Ja MpUTEKaBa BUAUMU MOBTOPEHUS WIIH JePEKTH.

e TlomydyeHoTo m3o0pakeHHe He TpsiOBa na OBAE MOBTAPAIIO Ce, T.e. Ja HE MPUTEKaBa
UJCHTUYHU CTPYKTYPHH €TIEMEHTH.

OCHOBHH MeTOIH 32 CHHTEe3HPAaHe HA TEKCTYPHHU H300paKeHUs :

Oo6mmmosane (Tiling)

CroxactuueH TekcTypeH cunTes (Stochastic texture synthesis)

Tekctypen cunTe3 ¢ onpezencHa 1en (Single purpose structured texture synthesis)
XaoTtuuHa mo3aiika (Chaos mosaic)

Tekctypen cunTes Ha 6a3ara Ha nukcenu (Pixel-Based Texture Synthesis)
Tekcrypen cunTe3 Ha Oa3ara Ha mapuerta (Patch-Based Texture Synthesis)
Xumu4aHO 6asupan Tekctyper cunre3 (Chemistry based)
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[To oTHOmIEHWE HA KAYECTBOTO HA MOJYYCHOTO TEKCTYpHO M300paKECHHE B 3aBHCHMOCT OT
HU3M0J3BaHUA MCTOJ 3a HNPCMAXBAHC Ha IMPUIIOKPHBAHCTO Ca aHAJIM3WUpPAaHU CICAHUTC OCHOBHU
METO/IH:
metoz Ha Efros/Leung (EL)
metoxa Ha Wei/Levoy (WL)

Merox Ha Ashikhmin (AS)
Patch-based Sampling (PBS)
Image Quilting (1Q)

Hybrid Texture Synthesis (HTS)

Pesynrature oT CpaBHUTEIHUS aHAIU3 HA MOJYYCHOTO TEKCTYPHO M300paKEHHE ca TTOKAa3aH!
Ha Qurypa 3.2, kaTo MOKe JIa Ce Pa3JIMyM Halluuie Ha IPOOJEMHHU 30HH.

@ur. 3.2. CpaBHHUTEJICH aHAJIU3 HA KAYeCTBOTO HAa TEKCTypaTa

OT cpaBHUTENHUS aHaIM3 SICHO JiMuM, 4ye anropuTbMm ImageQuilting mpemocraBs mobpu
BBH3MOKHOCTH 32 IIpEeMaxBaHe Ha MPHUIIOKPUBAHETO, KATO TeHEepUpa TEKCTypa ¢ MUHUMAIHU BHIUMH
nedextu. OCHOBHATa MPUYMHA 32 HETOBUS M300p € Hail-ObP30TO BpeMe 3a U3IThIHEHUE.

4. MoauduuupaH aJropuTbM 3a CHHTe3HpaHe HA TEKCTYPHO M300pakeHne, OCHOBaH Ha
meton 1Q

Wneara Ha anropuTbMa € cieaHara: KoMOMHMpa ce MpOM3BOJIHOTO MOCTaBsiHE Ha OJIOKOBE
npu Chaos Mosaic (xaoTuuHa Mo3aiika) ¢ TPOCTpaHCTBeHHM orpanuyeHus Ha Efros & Leung.

(durypa 4.1)

B1 | B2 BlE EBZ BIE<EB2
block L b
random placement neighboring blocks minimum error
of blocks constrained by overlap boundary cut

input
texture

®@ur. 4.1. OcHoBHHE CTHITKH B [Q anroputrsrma
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4.1. 0010 onucanue

AnropuThbMBT cliaga KM rpymnara Ha Patch-Based Texture Synthesis meroaute (cunTe3upane
Ha Oa3a Ha mapdyera). Heka nma neduHupame eaunHmiiaTa 3a cCHMHTE3 Bi kaTo OJIOK ¢ pasMepw,
ornpezeaeHd oT notpedutens. To3u OIIOK MPUHAMICKH Ha MHOXKECTBOTO OT BCHUKH BBH3MOKHHU
0JI0KOBE, KOMTO MOTaT Jia c€ (JOPMHUPAT OT BXOJAHOTO M300pakeHre Sg. 3a J]a CHHTE3UpaMe HOBaTa
TEKCTypa Ha IIbpBa CTHIIKA, HEKa MPOCTO s MOKPUEM ¢ OJIOKOBE, B3CTH Ha CIy4aeH MPUHIIUI OT Sg.
Pe3yaraTbt Beue M3IIIEKAA pa3yMHO U 33 HSIKOW BHJOBE TEKCTYPU CE€ H3IIBJIHSIBA HE MO-JIOMIO OT
MHOT'O MPEMIITHNA CJIOXHU aJrOpuT™MHU. Bee mak, pe3yiraThT He € yJOBJIETBOPSBAIL U KOJIKOTO Ja
Ce M3MIIAXIAT KpaullaTa, 3a Hall-CTPYKTYpHUPAHH TEKCTYpH € ChbBCEM OUYEBHIHO, Y€ OJIOKOBETE HE
CBHBIIQJIAT.

Kato cnenBaiia crbika jgo0aBsiMe MPUIIOKPHUBAHETO HA OJIOKOBE KaTO YacT OT MOCTaBSIHETO
UM BbpPXY HOBOTO H300paxkeHue. Cera BMeCTO Ja B3MMame OJIOK Ha CIly4acH MPHHIMII, HEKa Ja
NOTHPCHM OT S 3a TakbB OJIOK, KOHTO 10 HSKaKbB MPHHIUII ChBMAJa ChC CBOMTE ChCEIU OT
paiioHa Ha npuIoKpuBaHe. TO3M MOIXOJ 3HAYUTEIHO MOAOOpSBAa CTPYKTypara Ha IOJydeHaTa
TEKCTypa, obaue pnOOBeTe MEkay OJOKOBeTe Bce omie ca jgocra 3adenexumu. Oiie BETHBK
M3IKIAHETO B KpauiiaTa Ou HaMaIuil TO3H Mpo0JieM, HO TYK Ce IpUiiara HOB IOIXOI.

Pasrnexaame rperikara B perMoHa Ha MPHIIOKPUBaHE MEKAY OJ0KoBe B Hero. dopmupame
KpHBa HA MUHUMAJTHUTE FPEIIKY M YCTAHOBSIBAME TS Ja O'bJIe TPAHUIIATA HA HOBHS OJIOK.

IlenTa e 1a HaMepuM KpUBaTa MEXy [1Ba MPHUIIOKPUBAIIU ce OJ0Ka, POopMUpaHa OT TOYKH,
KBJIETO JIBETE Mapyera CH ChOTBETCTBAT Haii-100pe (KOraTo rpeiikara OT MPUIOKPHBAHE € HUCKA).
ToBa MOXe JIeCHO Ja Ce HampaBH C JHHAMHYHO Tporpamupane (anroputbMa Ha Dijkstra cbiio
MOJKE J1a C€ U3TMOJ3BA).

KpuBara ce uzumcisiBa mmo cieanus HaunH. Ako By u B ca 1Ba 6110ka, KOMTO Ce MPHUITOKPUBAT
0 BepTHKAaNa ¢ peruoHM Ha mpunokpusane Bi° u B,”, Torasa rpemkara Ha IOBBPXHOCTTA Ce
neduHUpa Karto:

e= ( B]_OV _ BZOV) 2.

3a Ja C€ HaMCpUu OINTHUMAJIHATa KpPpHUBA 3a Ta3W IMOBBPXHOCT CC€ H3YUUCIIABA HATpyIlaHATa
rpeuika E 3a Bcuuku mpTHIIa;

El,] Z ( Cijt mln( Ei. -1,j-1y Ei. -1js Ei. lJ+l) )

Munumannara cToifHocT Ha E  o3HayaBa kpail Ha OleHsBaHETO. AHAJOTUYHU METOJNU MOTaT
Jla ce MpuwiaraT Mo OTHOILIEHHWE Ha XOPHU3OHTAIHWUTE NpUMNOKpuBaHuUsA. Koraro e Hamuile KakTo
BEPTUKAIIHO, TakKa M XOPH30HTAIHO, MUHUMAJHUTE MBTEKH CE€ CpeuiaT B cpegaTa M OOIIHUST
MUHUMAJIEH € U30paH 3a psi3aHe.

4.2. AIropuTbm

1. M36upar ce pa3mepu Ha paOOTHHS OJIOK U MPENOKPUBAHUS PETHOH, KAKTO U CTOHHOCT 3a
TOJIEPAHC Ha TPEIKaTa.

2. @opMHpaHETO Ha U3XOJHATa TEKCTypa ce M3BBPIIBA Ha CTBIKH - OJIOK MO OJIOK, KaTro ce
OTYHUTA U MpenokpuBaneTo (purypa 4.2.).

®@ur. 4.2. [Ipouec Ha popMupaHe Ha TEKCTypaTa

Kommorspuu Hayku u Texnonorun 1 2017  Computer Science and Technologies 87



3. Ha Bcsika cThIIKa ce MpeThpcBa BXOJHATA TEKCTypa 3a HA0Op OT OJIOKOBE, KOMTO OTTOBApST
Ha OrpaHWYCHHUs 3a TPUIIOKpHBaHe (cropen u30OpaHHsl ToJepaHC Ha Trpemka). M30upa ce
MIPOU3BOITHO €/IMH OT TSIX.

4. V3uucnsiBa ce TpemIkata MEXIy NOoCIeqHO Hu30paHus OJOK M CcTapuTre OJOKOBE B
MPUITIOKpUBaNIMs peruoH. Hamupa ce KpuBaTa Ha MHHAMAQIHUTE TpPEIIKM B pPErHOHA Ha
MIPUIIOKPUBAHE U CE B3e€Ma 3a TPAHMIIATa HA HOBHS OJIOK.

5. HoBocdopmupanust ce 010k ce npuiiara ( “3akbprBa’ ) KbM TEKCTypara.

PazmepbT Ha 0J0Ka € €AMHCTBEHUST MapaMeThp, KOHTPOJIUPAH OT MOTPEOUTENS M 3aBUCH OT
CBOWCTBaTa Ha BXOJHATa TEKCTypa; OJOKBT TpsOBa na ObJE IOCTaTHUYHO TOJISM, 32 Ja YJIOBH
CBHOTBETHUTE CTPYKTYpPH B TEKCTypaTa, HO W JOCTaThYHO MaTbK, TaKa ue B3aUMOBPbH3KaTa MEKIY
TE3H CTPYKTYPH J]a € OCHOBAHA HA AITOPUTHM.

BBB BCHYKHM OT HAIIUTE SKCIIEPUMEHTH IIMPUHATA HA MPEIIOKPUBAHETO (OT €IHATa CTpaHa) €
1/6 ot pa3mepa Ha Omoka. ['penrkara e u3dncIeHa KaTo ce M3Moi3BaHa HopMma L2 3a croitHocTUTe
Ha nukcenuTe. TolepaHTHOCTTA Ha TpelIkaTa € ch3aazeHa aa 0bae B pamkute Ha 0,1 mbTH OT Haii-
noOpwHsi ChBIAIAII OJIOK.

4.3. Pesyararu

Pesynrature oT mpolieca Ha CHHTE3 3a MIHUPOK CIIEKTHP OT BXOJIHHU TEKCTYPH Ca MOKa3aHU Ha
¢urypa 4.3. JlokaTo aJropuTbMbT € 0COOCHO €PEKTUBEH 3a MOIY-CTPYKTYPUPAHHU TEKCTYPH (KOUTO
BUHAru ca OWIM HaW-TPyOHU 34 CTAaTHCTUYECKUS TEKCTYpEeH CHHTE3), HW3IBIHEHHETO €
YIIOBJIETBOPSIBAIIO M 3a CTOXaCTUYHMTE TEKCTypu. JlBara Hal-TMNIMYHM mpoOiiema ca
MIPEKOMEPHOTO MOBTOPEHUE (HampuMep H300pakeHHWEe Ha IUIOJ0BE), W HECHOTBETCTBAIM WU
W3KpUBEHH I'paHUIM (Hampumep Ha n3oOpakeHueTo ¢ saku). M nBere ca Haii-Beue B pe3ynrTaT Ha
JWIIca Ha pa3HOOOpa3ue B CTPYKTyparTa Ha BXOJHATA TEKCTypa.

X «.‘:‘."
¥ %0V,
“"ié.

W :: Vgt
"'.“'-’w"‘ @l‘f',..
Gy ¢

@ur. 4.3. Pesynratu ot 1Q, Bxonnu pazmepu 70X 70, uzxonnu pazmepu 140X140

AJTOpPUTHMBT € HE Camo JIeCEH ce MpUJIaraHe, HO ChHILO U J0cTa Obp3: Ha HEONTUMHU3HUPAH
MATLAB kopa, w3moi3BaH 3a TeHepupaHe Ha Te3u pesynratu (durypa 4.3) HU3MIBIHEHUETO
3aBbpIlIBa B paMKuTe Ha 15 cekynau. Jlokato HampaBeHU TECTOBE C AIFOPUTHhMA, UMIUIEMEHTHPaH
Bbpxy C#, naBart ciennurte pesynraru (tadiuma 1):
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Tab6umna 1. Pesynratu oT U3BBPLIICHUTE TECTOBE

Bxomuu N3xonuu Pasmep Ha | Bpoii kanau- | 3oHa Ha mpe- B

pa3mMepu pasmMepu O1oka naT OJOKOBE | IMOKpPUBAHE peme
256x256 256x256 16x16 16 4 6 cex.
256x256 512x512 16x16 16 4 23 cek.
256x256 1024x1024 16x16 16 4 2muH. 1 6¢CeK.
256x256 2048x2048 16x16 16 4 21mun.20cex.

Twit kaTo popmHpaIIOTO Ce mapyue € BHHArM ¢ €JHAKBU pa3MepH, CTaBa MHOT'O JIECHO Ja Cce
ONTHMH3HpPA Ipolleca Ha ThpPCEHe, 0e3 Ja ce MpaBH KOMIIPOMHC C Ka4eCTBOTO Ha HM3XOIHOTO
n300pakeHue.

Te3u kadecTBa Ha ONKMCAHUS AITOPUTHM JOIPHHECOXA 33 TOBAa TOH Ja Obae M30paH Karo
OCHOBA, KOATO Ja ObJic ONTHMHU3MPAHA M CJIEJ] TOBA BIIOKCHA B KOHBEWEpa Ha €HO TPUU3MEPHO
HPUIIOKEHHE.
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CUMYJIMPAHE HA BOJAHA MOBBPXHOCT B CUCTEMMU C
BUPTYAJIHA PEAJTHOCT

Jannena JI. Mnuesa

Pe3tome: CpencTBa 3a cuMmynrpane u u3o0pa3sBaHe Ha BOAa W APYT BUJ TEYHOCTH Ca €Ha OT OCHOBHHTE
HEOOXOIMMOCTH B ChbBpEMEHHAaTa MHAYCTPHS, CBbP3aHa C M3rPAXKIAHETO WM M3IOJI3BAHETO HA BH3YaTHH
edpextn. Te ce n3MoON3BaT B KMHOTO, PeKJIaMHaTa UHAYCTPHs, BUACO UTpU U Apyrd. Boxara, renepupana c
MTOMOIITa HAa KOMITIOTBP, MOXe J1a ObJie M3rpajieHa ¢ BUCOKO HUBO Ha PEaTn3bM KaKTO 32 CIIOKOWHH BOJH,
Taka U 3a BOJU C TOJISIMO KOJIMYECTBO TIsIHA, MPHCKU U BBIHU. B Ta3u craTus ce pasriiexia aropuThM 3a
Ch37laBaHe Ha BBJIHHM B OKEaH 4Ype3 BBIHHW Ha [epcTHep W HacnarBaHe Ha 1myMm Ha [lepnun. [lomydeHust
pe3ynTaT € ChC 33JOBOJIMTETHO KaueCTBO M MOXE Ja CE€ M3IO0J3Ba YCHEIIHO B KOMITIOTBPHUTE CHUCTEMH C
BHPTYaJIHA PEaTHOCT.

KarouoBu nymu: Briau Ha ['epetHep, mym Ha [lepauH, BUpTyaiHa peatHOCT

WATER SURFACE SIMULATION IN SYSTEMS WITH VIRTUAL REALITY
Daniela D. lliieva

Abstract: Tools for simulating and displaying water and other liquids are one of the major necessities in the
modern industry related to the construction or use of visual effects. They are used in the cinema, advertising
industry, video games and more. Computer generated water can be built with a high level of realism, both for
serene water and for water with a large amount of foam, splashes and waves. This article explores an
algorithm for creating waves in the ocean by waves of Gerstner and the overlay of Perlin's noise. The r result
is of satisfactory quality and can be successfully used in computer systems that recreate virtual reality.
Keywords: waves of Gerstner, Perlin's noise, virtual reality

1.YBox

B OKeaHOFpaQ)CKaTa JUTeparypa CbIICCTBYBAT MHOXCECTBO Ppas3IMYHU METOJAH, OIIMCBAIIU
IIOBEJACHUCTO Ha BOJAarTa. TyK CC ClupaM€ Ha HIKOM OT TE3UW MCTOIHU. 3a BU3YyaJIM3UPAHEC Ha
ABUKCHUCTO Ha BOJAHATA IMOBBPXHOCT CC€ HU3IIOJI3Ba aJI'OPUTHM, pa3pa60TeH oT repCTHep. 3a
pa3zHooOpa3siBaHe Ha MOBBPXHOCTTAa Ha BojaTa 4pe3 J100aBsiHE Ha MHOXKECTBO MAJIKM BBJIHH, CE
H3I0JI3Ba AJITOPUTHbMA Ha Ken HepJ‘II/IH 34 CUHTC3UPAHC Ha T.HAp. IIYM Ha HepJ‘II/IH. 3acBeTsABAHETO
Ha BOJAHATa MOBBPXHOCT CC U3BBpPIIBA C MMOMOIITAa Ha MOI[I/I(bI/IHI/IpaH MOJCI Ha baun u ®onr. 3a
Cb3JaBaHC Ha IIsIHA IIO (prHTOBeTe Ha BBJIHUTC CC€ HUIIOJI3BAT MCTOAHUTC 34 TCEKCTYPUPAHC Ha
OpenGL u Cg.

OcCHOBHUTE ACIICKTH, CBBbP3aHU C KOMITIOTbPHATA CUMYJIAlIUA HAa OKCaH, Ca:

- ABJKCHUC Ha BOJHATa IMOBBPXHOCT, BKIIOYBAIIO pa3jMdHA HHUBAa Ha HWHTCH3UTCT,
aMIUINTyda, CKOPOCT, KaKTO U AbJI’KUHA HA BbJIHUTC.

- OTpaXCHUC HA OKOJIHATa Cp€aa B pa3jIniHN CTCIICHU.

- BU3yaJIU3UPAHEC Ha IIdHA II0 BBPXOBCTEC HA BBIHUTE, KOUTO C€a C JOCTATBYHO BHCOKaA
aMIUIMNTyda U CTPbMHOCT.

- Bapualuu B apaMCTPUTEC HA BOJATa, B 3aBUCUMOCT OT aTMOC(l)epHI/ITe YyCJ10BUA.

- [IpEUYyYNBAHEC Ha Iagamiara CBETJIWHA, MOPCAU3BUKAaHO OT JIBHXKCHHETO Ha BOJHATa
IIOBBPXHOCT.
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2. AaroputbM Ha ['epcTHep 3a chb31aBaHe HA BHJIHH HA OKeaH

To3u MeToa € eIuH OT MbPBUTE MPUOIM3UTEIHO TOYHH MOJCIH, OMKMCBAIIM IBHKEHUETO HA
TeuHocTuTe. DU3MUECKUAT MOJIeN ce 0a3upa Ha JBHIKCHUETO HA CAMOCTOSTCIIHU TOYKH OT JIaJICHa
moBbpXHOCT. Korato BbjIHA NpPEeMHHE Mpe3 HIAKOM OT TE3M TOYKH, T€ H3BBPIIBAT KPHrOBO
nemwkenue. Heka nmamena Touka e omucana ot Xo = (Xo, Zp), a BucoumHara u ¢ Yo = 0, npu
HETOBIKHA MMOBBPXHOCT. KoraTo mpe3 Hest mpeMuHe BbJIHa, TS e ObJie OTMECTEHa BbB BpeMe t ¢:

X =Xy — (g) sin( K - xg — wt) 1)
y = Acos(K -xq — wt)

KbJACTO Ke BCKTOP, OIMUCBAIl XOPU3OHTAJIHOTO ABMIKCHUC HA BbJIHATA. Herogara JOBbJIDKMHA € K U € .

KBJETO L - IBIDKMHA, W - 4eCTOTa Ha BhJIHATA.
N3nonssame ypasuenue (1) 8B Buaa (2): [2]

X =Xy + Z(QlA D;.x cos(w; D; - xZ — ¢t))

2= 20+ Blo(QADL Y cos(w Dy T = g) @
y= Z(Al- T = pt)
i=0

Tyk nosunusaTa Ha JajeHa TOYKa OT TOBBPXHOCTTA CE OIMCaBa C BEKTOpA XYZ U MMa CIEIHHUTE
napameTpu:

Qi — CTpbMHOCT Ha BbBJIHATA;

Aj — AMmunTya Ha BBIIHATA;

Di — ITocoka Ha ABWKEHHE Ha BBIIHATA, OIMCAHA OT BEKTOpA XY,

w — YecToTa Ha BBIIHATA,

¢ — ®asa Ha BbIIHATA,

t — Bpewme;

[TapamerspbT Q; Moke na Bapupa B rpanumure [0, 1] u onpenenss HakiIOHa Ha BBIHATA.
Croiinoct Q; =0 mpenu3BUKBa HOpMallHA CHHYCOHWIHA BBJIHA, pu Q; = 1, BhIHATa MMa 3a0CTpEH
BpbX. Ako Q;>1, To XpeOeThT Ha BbJIHATA LIIe CE MPEBBPTH U 1€ NPEAU3BUKA HEPEATUCTHUYEH BUI.
3a ma Bapupa MEXIy BB3MOXXHO Hal-M3IJIaJIeHA BBJIHA M BB3MOXKHO Haii-3a0CTeHa BBIHA, TO Q;

Q
MOXe€ J1a ce IIPEACTABH KaTo: ; = — oy kpaetone Oposi Ha BBIIHUTE.
i
21
YecroTata @ ce onpenens OT ypaBHEHHETO: W = —-.

dazaTa Ha BBJIHATA 3aBUCH OT CKOPOCTTA i1 M HelfHaTa yecToTa: ¢ = Sw.

CkopocTTa Ha BBJIHATA C€ BIUsE OT HEWHaTa OBJDKUHA, ABJIOOYMHA M HANPEKEHUETO Ha
MOBBPXHOCTTA. [IpW TO-TTUTKU BOJH, JTHHOTO MMa 3a0aBsml eeKT BbPXY CKOPOCTTa HA BhIHATA.
3a nwpn0OoKM Boau o0Oave, BIUSHHETO Ha JbiIOOYMHAaTa MOke na ce mpeHeOperne [3]. Ot toBa
clesBa, ye:

KBJIETO § € TpaBUTAllMOHHATa KOHCTaHTa 9.81 m/s?.
3a ;1a ce Mody4d MO-UHTEPECHO TBHKCHHME HA MOBBPXHOCTTA, C€ CyMHpaAT N HAa Opo¥ BBJIHU
ChC CHOTBETCTBAIIM UM MapamMeTpu. Thil KaTo mpu M00aBSHETO Ha BCSAKa CleJBaIla BBHIHA CE
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Hajara HEWHUTE OTMECTBAHUSA Ja C€ H34YucjisiBar HaAHOBO, TO OT 6p0$[ Ha BBJIHUTC 3aBHCU
HpOI/ISBOI[I/ITeJIHOCTTa.

[Ipumep 3a Bu3yanm3anuaTa Ha 3 BBIHU C ONpPENEIEHU TapamMeTpw € aaneH Ha Error!
Reference source not found.1.

Wave Apitude
=]

-5 o 5 10 15 20 25
Positon

®@ur. 1. [Ipodun Ha 3-peskumHa BbJIHA Ha [epcTHED

[Ipu cymupanero Ha 4 BbiiHU Ha ['epcTHep ce monyyaBa cieqHus pe3yiarar: (¢urypa 2)

@ur. 2. Cymupane Ha 4 BbiaHM Ha ['epcTHep

PC3YJ'ITaT”bT HaHOI[O6$[Ba IMOBBPXHOCT HAa OKCAaH, HO JIMIICBA JIETalJI KaKTO 10 CaMHTE BBJIHHU,
TakKa M MO MECTara, KbJACTO BCC OIIC HC € MHHAJIa BBHJIHA (CHOKOI\/'IHI/ITC MeCTa). ToBa e eguH OT
OCHOBHHUTC HCAOCTATHUU HA AJITOPHUTHMA HA FepCTHep, KOraTto €€ M3I10JI3BaT MAaJIKO Ha 6pOI\/’I BBJIHU.

3a Ja CC yBCIIM1U JeTalIHOCTTa Ha BOJHATa HNOBBPXHOCT MOKE a CC M3I0JI3Ba LIYyM. HpnesrTa
€ J1a C€ CHHTE3Upa AOCTATHYHO IMPOU3BOJIHA MOPEAUIIAa OT M3MCHCHHA HA OAJACH MapaMETh. Ha
Oa3ara Ha XOpHU30HTAJIHA MO3UIHYs Ha TOYKA OT NOBBPXHOCTTA, OIKMCaHA OT TOYKHUTE Xg U Zg H
BPEMETO CC€ U3UHCIIIBA OTMCCTBAHC 11O BEpTUKAJIATA.

3. llym na Iepaun

Mymbr Ha IlepnuH e KOMHOIOTHPHO TIeHEpUpaH, BU3yalleH e(eKT, KOWTO Haii-uecTo ce
M3II0JI3BA 32 CUMYJIHMpaHe Ha TPHPOJHU SIBJICHUS KaTo obOjamu, AuM, Boja u jp. Mnaesra e na ce
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CHHTE3Mpa IOCIEI0BATEIIHOCT OT CTOWHOCTH B MHTepBana [-1, 1]. Te3u cTOMHOCTH HM3TJIEKAAT
MPOU3BOJIHU, HO BCBHIIHOCT BCSIKa CJIEJBAIlA 3aBUCU OT OKOJHUTE. Taka MpeMHUHABAaHETO OT €AHa
TOYKa KbM Clle[[BalllaTa cTaBa IUIaBHO. [locienoBaTenHOCTTa OT TE3M TOYKHM, MOXE Ja Obre
Ch3/1aJIcHa 3a OIpeJesieHa PEe30JIONHs U ClIe] TOBa Ja Ob/ie MHOTOKPAaTHO MOBTapsiHa, 0e3 na ce
mojiyyaBaT T. Hap. apreakTd 0puU JOCTUTaHE HAa Kpasg M 3aloyBaHE OT HAYyajloTO Ha
IIOCJIEZIOBATEIHOCTTA.

Tyk wu3non3Bame TPUMEPEH LIYyM, KaTO TPETOTO U3MEPEHHE € BpeMeTo. Taka ce M3uucisBa
CTOMHOCT 3a IIIyM, KOSITO C€ M3M0JI3Ba 32 aHMMUpAHE HA BUCOYMHATa Ha BbJHUTE. [0 TO3M HauuH
OCBEH I0JIEMUTE CHHYCOMJIHU BUJIHU Ha ['epcTHEp, MOBBPXHOCTTA C€ HACHILA C TToBeue Ha Opoil mo-
MaJKd BBIHU. TbHH Karo OCHOBHATa lieJd Ha ainropurbMa Ha llepauH e na ocurypu IUIaBHO
MPEMUHABAHE OT €/Ha TOYKa KbM JApyra, TO TOH ce sBsiBa MOIXOJAI] 32 AHUMUPAHETO HAa MAJIKH,
JWHAMUYHU BBJIHU ((urypa 3).

®@ur. 3. Benau Ha ['epctrHep v trym Ha [lepnun

Henocratbk Ha TO3HU AJTrOpUTbM €, 4€ IPHU CPABHUTCIIHO MaJIKa PE30JOLUsA CC 3a0ensa3Ba
IIOBTOPAEMOCT. Pezomronus ot 256 enemMeHTa ce OKa3Ba JocCTaTbdHa, 3a Ja HE CC 3a0eJa3Ba Ta3u
MOBTOPSACEMOCT U 1a CC IMOCTUTHE n06pa MMPOU3BOAUTCIIHOCT Ha aJirOPUTHMA.

4. HepocTaTbly NPH U3M0JI3BAHETO HA aJropuThbmMa Ha ['epcTHep u aaropurbma Ha
Ilep.iuH 3a reHepupaHeTO HA BBJIHU

OCHOBEH HeIOCTaThK MPH BBIHUTE Ha ['epcTHEp €, 4e Te ca CUHYCOMJIHU BBJIHU. AKO OpOSIT
Ha U3MO0J3BaHUTE BBIHM HE € JOCTaThYHO TOJISAIM, TO MOJY4YEHHs pe3yaTaT Hsima jaa Oble
peanuctuyeH. ['onemust 6poit BbJIHK 00ade, MOKE 3HAYUTEIIHO J1a HaMalld IPOU3BOAUTEIHOCTTA.

Jpyr HenocTaThk Ha mryma Ha [lepauH e ToBa, ue B OJM30CT 10 HaOJI0JaTes JIUICBA AETall.

W3uuncnenusra Ha HOBaTa MO3ULUS Ha BCAKA €HA TOYKA OT rpadUyHUS MOJEIN CE€ U3BbpIIBA
Ha HUBO BpBX. [lopagu Ta3u npuumHa, mWymMbT Ha [lepauH ce sBsABa 3HAYUTETHO TEXBK 3a
W3UYHUCIICHHUE.

EnvH oT HaumHUTE 3a ONTUMU3ALMUA € Ja CE PAsIpelessIT HW3UMCICHHUATa Ha OTICIHUTE
€JIEMEHTH MEeXIy Ipoliecopa U BUAeo KapTaTta. ToBa, o0aye, € IpsSIKO CBbP3aHO ¢ KOHKpETHaTa Iiel
Ha MPUJIOKEHUETO U PeCypcuTe, HEOOXOIUMHM 3a HeroBara 6e30TKa3zHa paboTa.
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5. M3rpasxnane Ha mpuMepHa cieHa ¢ u3noJj3Bane Cg na u OpenGL

Esunute 3a nporpamuipane, U3NOJI3BaHU 3a m3rpaxaaHe Ha cueHara ca C/C++ u Cg. Karo
nHTep(eiic 3a KOMyHHKAIMs MEeXKTy rpaduyHaTa KapTa u mpoiiecopa ce uznoszsa OpenGL.

3a 1a u3rnex/zia no-peaTuCTUYHO IBMKEHUETO Ha BBIIHUTE B CLIEHATa, T€ TPSIOBa /1a Ce BIUSAAT
OT HSKOM (paKTOPH, HO B CHIIOTO BpEMeE Jla Ce pa3jinyaBar eaHa oT apyra. DakTop, KOWTO BiMse HA
roJIeMUHaTa Ha BBIHUTE, TAXHATA CKOPOCT U CTPBMHOCT, € BATHPBT, ONMKMCAH C OCOKa U cuia. Kem
MOCOKAaTa Ha BBJIIHHUTE € J00AaBEeH MPOU3BOJICH EIEMEHT B OINPEICIICHU IPAaHUIH, Ype3 KOWTO BCSKA
clie/iBallla BBJIHA CE 3aBbpPTa IOJ IMPOU3BOJIICH BI'BJI CIPSIMO BEKTOpA, OMHUCBAIL IOCOKATa Ha
BATHpA!

s
180

rotFactor = angleDeviation *

1, = sin(rotFactor)

1y, = cos(rotFactor) 4)
waveDir, = windDir, * 1, + windDir, * (—1y)
waveDir, = windDir, * (—1,) + windDiry, * 1,

[IpoMeHsiHETO HAa MapaMeTpUTE Ha BBIHHUTE, KOUTO BEYE C€ JBUXKAT MO MOBBPXHOCTTA Ha
OKeaHa € 3HAYUTEITHO HEePEATUCTHYCH TOIX0, KOHTO MOXKE Ja JOBEJE /IO MOsBaTa Ha apTe(aKTu.
Tyk ce u3non3Bar 4 BbJIHU U 32 BCAKA €IHA OT TSIX MMa ONpEIEseH KUBOT. Toll mpeacraBisiBa
WHTEpBaja OT IMOsBaTa Ha BBJHATA, 0 HEUMHOTO pasznuBaHe. Hanumumero Ha TakbB MEPUOJ
MO3BOJIsIBA TIPU pa3jiMBaHE Ha BBJIHATA J1a CE Ch3AaJi€ HOBA C PA3IMYHM MMapaMeTpu. TOYHO MO TO3U
HAaYuH C€ TIOCTHra 3HAYUTEITHO PpEATUCTUYCH e(PEeKT TMpU ABHKEHHUETO HA BBIHUTE TIO
MMOBBPXHOCTTA, KaTO TOBA ITO3BOJISIBA JIa HE ce 3a0es3Ba MOBTOPSIEMOCTTA B aJlTOPUTHMA.

Tyk u3non3Bame eaHa KOMIIO3HWIMS OT ImymoBe Ha llepnun — ,.BpayHoBO nBmxeHue’
(Typbonenuus). Unesra e na Hamepu cymara ot mymoBe Ha [lepnun. Beekn nrym ce siBsBa otaeneH
CJIOH, KaTo BCEKM CJOW ce Mmamabupa Ha Oazara Ha aMmruTynata. [logageHuTe KOOpaAMHATH, KaTo
BXOJHM TlapaMeTpu Ha (YHKIHUSATA 32 IIyM, C€ yBeJMuaBaT Ha 0a3aTa Ha yectoraTta. YecroTtata u
aMIUIUTy/laTa HapacTBaT C MPEIBapUTENHO 33aJaJeHU KOSPUIIMEHTH, MPH BCEKH CIIEABAIl CIIOM.
Konkoro mo-roysim e Opost Ha ciIOoeBeTe, TOJIKOBA MOBEUYE ca JeTalIuTe, U3rpaJicH! Ha Oa3zara Ha
IryMa, ToecT Opos Ha ClIOeBeTe yBeTu4aBa Oposi Ha MAJIKUTE BBJIHH M0 TOBBPXHOCTTA.

[TonydyeHun pe3yiaTaTd MPU Pa3IUYHHA CTOMHOCTH Ha mapamerpute Lmin, Lmax, WindSpeed,
reflectivity, ampGain ¢urypu 4a,0,B,r.

b

@ur. 4a. Lyin=,5 Linax=,10 windSpeed=0,1, reflectivity=0,2, ampGain=0
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@ur. 46. Lyin=,15 Linax=,30 windSpeed=3, reflectivity=0.13, ampGain=0.3

- - - - -
- - 3 4 o

@ur. 4B. Lpin=,50 Liax=,100 windSpeed=25, reflectivity=0.05, ampGain=2

@ur. 4r. Lyin=,10 Liyay=,20 windSpeed=0, reflectivity=1, ampGain=0
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6. U3Boan

AnroputbMbT Ha I'epCTHEp € JieCeH 3a HW3YMCICHHE, KOETO IO MpaBH IMOIXOISII 3a
CHUMyJIMpaHe Ha BOJa B KOMIIIOTbPHHM WIpH. HeaocTaThk Ha TO3H alrOPUTBM € HE TOJISIMOTO
pa3Ho0Opasue B MOJYUCHHUTE PE3YJITATH, OCOOEHO KOTaTo Ce U3I0JI3BAT MAJIKO Ha OpOil BBIIHHU.

AnropuTbMbT Ha [IepiuH € ¢IUH OT Haif-4ecTO U3IMOA3BAaHUTE aJITOPUTMH 3a CHHTE3UPAHE Ha
IIyM B KOMITIOTpHHUTE Urpu. Tol HaMupa MPHIOKEHHWE IPH PEIIaBaHETO HA PeauIla mpobiieMy,
CBBP3aHH C pealHus CBAT. B WIpUTE Hai-4eCTO Ce M3MOJ3Ba 3a JWHAMHUYHO TI'CHEpHUpaHE Ha
,,BucourHHa kapra‘“ (heightmap) Ha TepeHu 1 pas3aHYHU BHIOBE TOBBPXHOCTH.

IIpu Te3u MojesM, BUCOYMHATA HA BBIIHATA CE SIBSIBA MPOU3BOJHA CTOMHOCT, IMOJy4eHa OT
(GYHKIUSA Ha XOPM3OHTAIHATA TTO3KIKS U BpemeTo: h(x,t). Jlpyra ocoGEHOCT Ha CTAaTHCTHYECKHUTE
MOJIEJIH € CIIOCOOHOCTTA UM JIa pa3jessiT BUCOYMHATA Ha BhIIHATA HA CHHYCOUIHU U KOCHHYCOHTHH
BBJIHH. 3a Ta3u JECKOMITO3HMIUS Ce M3MOJIBaT Obp3u TpaHchopmamnuu no dypue, HO Te ca 00eKT Ha
MOCIICIBAIIO PA3TIICHKIAHE.
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CPABHUTEJIEH AHAJIU3 MEXJY HAUBHUS BEMCOB
KIACU®UKATOP U METOJA HA OITOPHUTE BEKTOPHU
N3IOJI3BAIIl OITUMMN3ALIUA [TPU KITACUDPUKALINA HA
BBJITAPCKH TEKCT B MAIIMHHOTO OBYYEHUE

Hemu An. Apabamxuesa — KamueBa, Hegsinko H. Hukomnos

Pe3iome: Llenta Ha nmyOnukanusaTa € U3ClIeABaHE U CPAaBHUTEIICH aHAIU3 Ha anroputMmute. Hansen
beticoB kmacudpukatop (NB) um merom Ha omopHuTe BekTOopH ¢ ontummsanus (SMO) 3a
knacuukanus Ha OBArapckM TEKCT B MAIIMHHOTO oOydeHue. Pesynrtarute ca wu3BeACHU
AHAIMTUYHO W rpauyHO M TOKa3BaT, y€ MpPH MalbK 00eM JaHHU, JBaTa aJrOpUTbMa JlaBaT
TOYHOCT mo-BUCOKa OT 90%. Koraro TekcTsT chabpka cxoaHu aymu, SMO e c 10-BHCOKH
CTOMHOCTH, JIOKAaTO MPU CHIIECTBEHA Pa3jiMKa B TEPMUHOJIOTHUATA, TOUTH ChC ChILlATa MIPEIHUHA OT
7.1% e NB. Ilpu pa3nuka B Opost Ha JOKYMEHTUTE B IbTH, NB 1aBa mo-rojsiMma TOYHOCT, TOKAaTo B
BT paszivka B 6post Ha nymu, SMO e ¢ mo-Bucoku ctoiHocTu. [Ipu knacudukaius Ha TEKCT Npu
roJisiM 00eM OT JJaHHM TOYHOCTTAa M Ha JIBaTa alropurbMa e ~55%, ¢ manka npennuna Ha SMO ot
~1.8%.

KmrouoBu nymm: Hausen beiicoB knmacudukarop, meron Ha omopuute Bekropu, SVM, SMO,
Kiacu(uKanus Ha TEKCT, MAIIMHHO 00y4YeHHE.

COMPARATIVE ANALYSIS OF THE NAIVE BAYES CLASSIFIER AND SEQUENTIAL
MINIMAL OPTIMIZATION FOR CLASSIFYING TEXT IN BULGARIAN IN MACHINE
LEARNING

Neli An. Arabadzieva — Kalcheva, Nedyalko N. Nikolov

Abstract: The goal of the publication is to research and comparatively analyze the algorithms: Naive
Bayes Classifier (NB) and Sequential Minimal Optimization (SMO) for classification of text in
Bulgarian. The results have been displayed analytically and graphically and show that with a small
volume of data both algorithms have an accuracy rate of more than 90%. When the text contains similar
words, SMO is more accurate, while when the texts differ a great deal the two almost exactly swap their
accuracy, and NB leads by 7.1%. When the number of documents of different author in an order of
magnitude, NB is more accurate, while when the difference is the number of words, SMO gives higher
results. When classifying large volumes of data, both algorithms have an accuracy of ~55%, with SMO
leading by ~1.8%.

Keywords: Naive Bayes classifier, Support Vector Machines, SVM, SMO, text classification,
machine learning

1. YBoa

[Ipe3 nmocnenHUTE NECETUIIETUS YIECHEHUAT JOCTHII JO UHTEPHET YBEJIWYU €KCIIOHEHIIMAIHO
OHJIaliH uH(oOpManusaTa. Pa3nuyHu XpaHWiIWIla Ha 3HaHUS, OMOIMOTEKH, ChIAbPXKAT OTPOMHHU
MacuBM OT JaHHU. HeBB3MOXXKHOCTTA J1a ce MOJy4Yd AakTyaJlHa W TIOoJe3Ha MHopmauus 3a
KOHKpeTHa TeMa IpeBpblla B O€3MOJIE3HH TojsMa YacT OT ChIIECTBYBAIIUTE PECYPCH.
W3non3BaneTo Ha Kiacu(uKanus MO3BOJISABA J1a C€ CHbKPATH TPYAHOCTTA NMPHU ThPCEHE Ha HY)KHATa
nH(popMalus, IpeacTaBeHa KaTo eJIeKTPOHHH TEKCTOBE.
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[lle pasriename QopmaiiHa MOCTAaHOBKA Ha 3ajadaTa 3a Kiacudukanus. Heka e mameHo
KpaiiHO MHOXecTBo oT kiacoBe C={c1,Cy,....,Ck} ¥ KpallHO MHOXECTBO OT JOKYMCHTHU
D={d;,d,,....,d}. IleneBara ¢ynkmus f: DxC->{0,1} 3a Bcska aBOMKa <IOKYMEHT, KJac> ¢
HeusBecTHa. HeoOxomumo e na ce Hamepu kinacudukartop f ¢, T.e. QyHKIMSA, MaKCHUMaTHO OJM3Ka
KbM (QyHKIUATA f.

OcHoBHAaTa 3ajada Ha KiacH(pUKalMiTa € MNPUOONABAHETO HA MaJCH JOKYMEHT KbM
OIpe/IeIeH KJIaC B ChOTBETCTBHE ¢ HA0OP OT Mpu3Haiu. TpaguilMOHHO B KaYeCTBOTO HA MPU3HALN
Ce M3MOJI3BAT YECTOTATa Ha CpEIlaHe Ha JYMHTE.

2. N3noxenue

2.1, Haugen beiicoB kiaacudukaTop

Eaun or kinacuuyeckuTe airopuTMM B MamIMHHOTO oOyueHue € Hausausar belico
Kkinacudukarop, Koiito ce Oazupa Ha Teopemara Ha beiic 3a ompenensHe Ha anocTepUOpHATa
BEpOSITHOCT 3a HACTBIIBaHE Ha JajneHo chOutme. [Ipuemaiiku ,,HAMBHOTO’ MPEANOJIOKEHUE 32
yCJIOBHAa HE3aBUCHUMOCT MEXJy BcCska JBoWka atpuOytu, Hauuust belicoB kiacudukartop ce
crpaBsi €(EeKTUBHO C TBBPJE TOISIMOTO KOJMYECTBO HA aTpuOyTUTE 3a OMMCAHNE HA EIWH IpUMep,
T.€. C T.Hap. ,,[IPOKJIATHE HA PA3MEPHOCTTA .

Teopema na beiic [1]
P(x|ly=c)P(y=c) (1)

P(x)

P(y = clx) =

KbaeT0: P(y=c|x) € BeposiTHOCTTa 00EKT J1a MPUHAIIC)KN HA KJIac ¢ (alocTepropHa BEPOSTHOCT Ha
KJ1aca)
P(X|y=cC) — BeposiTHOCTTa 00CKTa X J1a cpellia B cpejiaTa Ha 00eKTa Ha Kiiaca ¢
P(y=cC) — 6e3yciI0BHa BEPOSITHOCT Jla Ce cpelia 00CKT y B Ki1ac ¢ (anmpuopHa BEPOSATHOCT Ha Kjlaca)
P(X) — 6e3ycii0BHa BEPOSITHOCT Ha 00EKTa X

[lenTa Ha KIacH(UKAIKATA CE ChCTOM B TOBA, JIa CE ONPEACTH KbM KaKbB KIIAC MPUHAICIKH
obekta x. CremoBaTeNlHO € HEOOXOIMMO Ja C€ HaMepu BEPOSITHOCTEH Kilac Ha OOeKTa X, T.€.
HEeoOXOIMMO € OT BCHYKHM KJIacoBe Ja ce u3bepe To3M, KOWTO JaBa MaKCHMalHa BEPOSTHOCT
P(y=c[x).

Copt = argmaxeec Pxly = O)P(y = c) @)

2.2. Metoxa Ha onopauTe BekTopu - SVM (Support Vector Mashine).

MetoasT Ha onopuute Bektopu (SVM, Support Vector Machines) npejcrasst 00y4aBamiure
IpPUMEPU KaTo TOUYKH B N-MEpHO MpocTpaHcTBO. [IpuMepuTe ca mpoekTupar B MpOCTPAHCTBOTO MO
TaKbB HAYWH, Y€ Ja ObIaT JuHeHo pazaenumu. [Ipu paboTa ¢ qBa Kiaca ce ThPCH HAYHMH Jla Ce
HauepTae JIMHUSA, KOSTO Ja pa3zess JaHHUTE OT /Barta Kiaca. JInHusATa, KOATO pa3zess JaHHUTE, ce
HapuYa pa3feluTeHa XUuIep paBHUHA. Ta3u Xunep paBHUHA TPsOBa J1a ce m30epe 1Mo TaKbB HAYHH,
4e Jla ce HaMUpa Bb3MOXKHO Haii-Jlaned oT MpUMepHTE U Ha JiBaTa Kiaca.

Oyukuusra f(x) Ha TUHeHaTa KiIacupuKanus € BbB BUuaa: [2]

f(x) =w'x + b (3)
KBIETO: W' € TETNIOBEH BEKTOp, a b e OTKIoHEHHETO

CJ'ICI[ KaTO CC OmpcAciii, KbAC Oa 6’[:,[[6 MOoCTaBCHA pa3AC/IMTCIIHATA JIMHUA, CC KaJIKyJInpa
JOIIyCTMMAaTa rpaHaIara.

label * (W'x + b) 4)
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Ilenta e 1a ce HaMepAT CTOMHOCTUTE Ha w' u b, xouTo e ompenensaT Kiacudpukaropa. 3a ga
Ce HalpaBH TOBA, € HEOOXOJMMO JIa C€ HaMepsIT TOUYKHUTE C Hall-MaJIKO OTKJIIOHEHHE, KOHUTO TpsOBa
na ce MakcuMusupa. ToBa Moske Aa ce 3amuiie 1Mo TO3U HayKH:

arg max,, {minn label * (wT + b)'uTlu} (5)

PemaBaneTo Ha T03u npoOeM JUPEKTHO € AOCTa TPYAHO, 3aTOBAa CE€ Hajlara ONTHUMU3HUpaHE
Ha TPOU3BEIECHUETO BHTPE BbB (pUrypHHTE CKOOU. TakmBa ONTHMMU3ALMOHHU 3a7adyd MOrar Jia ce
pemar ¢ MHOXKUTeNU Ha Jlanrpanxk. @yHKIUATA 32 ONTUMU3ALUSA € CIIeJHATA:

max, [ moa —% -1 label® labelD .a'.a/. (x(i),x(j))] (6)

Tpy criazBaHe HA CIETHUTE OIPAHMUCHHS:
c=2a=0 (7
m. a;.label® =0 (8)

[Ipu HenuHENHO pa3ienTuMu JaHHU OCHOBHATA WUJIEs € Ja CE IOCTUTHE JIMHEWHO pa3JeieHue
Yype3 MpEeMHHABaHE Ha JJAHHUTE B JAPYTrO IMO-BUCOKO M3MEPUMO (DYHKIIMOHAITHO MPOCTPAHCTBO 4pe3
TpaHcopmais ¢ (YHKIUS Ha BXOJHUTE HEJIMHEWHU IaHHHU. ToBa Ce OCHIIECTBABA OT Taka
HapedeHaTa GyHKus Ha sapoTo K, KoATo ce nedmHupa 1Mo cieHus HauuH:

K(xixj) = f(xi).f(x)) (9)

Hsikown ot Hali-u3non3BanuTe (GYHKIIUU HA SIIPOTO Ca:

e [lonmmHOMHATHA (DYHKIIMS HA SIIPOTO;

¢ ["aycoBa panuaiiHa 0a3ucHa QyHKIUS;

¢ EKCIIOHCHIIMAIHA pajraiHa 6a30Ba GYHKIIUS;

© MHOIOIIJIaCTOB MEPILIETITPOH;

¢ bu Crnaitn QyHkuus;

e JloGaBeHH siipa.

Mopaudukarus Ha aqropuThbMa, U3MOJA3Baml MeToga Ha OMOpPHUTE BEKTOpH, € T.Hap. SMO
(Sequential Minimal Optimization), koiiTo Ha BCsAKa CThIKA, C 1€ ONTHMHU3aIMs, W30HMpa JBa
MHOXHTENS Ha JlaHTpamk. To3u anropuTsM € mo-0bp3 U MMa TO-T00pH CBOMCTBA 32 MaladupaHe
ot crangapTHust SVM anroputsM. [3]

2.3. OueHka HA TOYHOCTTA HAa KIacHPUKANUATA

B mnpomeca na knmacudukanus Ha TEKCT CE€ M3MOJI3BAT OOYYUTETHHM M TECTOBH JIaHHH.
OOyunTenTHUTE JaHHHU ,,00y4aBaT TECTOBUTE JaHHH. 3a OICHSIBAaHE Ha KiIacHU(pHUKaTopa ce mpuiara
MeToAa KpbcTocaHo BamuaupaHe (cross-validation). IIporechT u3MoOM3Ba BCEKHM MBT pa3iIudHA
M3BaJIKa U Ce MOBTaps AeceT MbTH. [Ipu Kpoc Bamuaanuara ce HU3YMCISIBAT OCHOBHO TOYHOCT
(Accuracy), mpenmsuoct (Precision), meanora (Recall) m xomOunupanara mspka F-measure.
TounoctTa (Accuracy) € HMpOIEHTHT Ha MPABUIHO KIacU(PUIIMPAHU TMPUMEPHU OT ISIIOTO TECTOBO
MHOXecTBOTO. [Ipenm3noctTa (Precision) e Msipka, KOSITO JaBa JOKOJIKO € TOYeH Kiacudukaropa u
JaBa MPOLIEHTHT Ha MPABWIHO KIAcU(UIIMPAHUTE MPUMEPU OT ChOTBeTHHS Kiac. Recall moka3a
IIBJIHOTATA WJIM YyBCTBUTEITHOCTTA Ha Kiacu(UKaTtopa, T.e. KOJIKO OT BCHYKH IMPHUMEPH OT JaJieH
KJIac € YCISUT Jla OMpeNeNy KaTo MpUHAANeKald Ha To3u kiac. Msapkara F-measure, kosTo
komOunupa Precision u Recall e TsXxHOTO mpeTerieHo XapMOHUYHO CpeHO. TPyIHO ce MoCTUrar
nobpu croitHOoCTH U 3a Precision u 3a Recall. [lpu xmacudukamms Moxke ga ce MOCTUTHE BHCOKA
crerieH Ha Recall nnu Ha Precision, HO He U Ha JaBeTe. 3aTOBa U300PHT 3a IENEBH CTOWHOCTH € TI0-
TPY/IEH U HE Ce OYaKBa MMOCTUTAHE Ha U3KIIOYUTEIIHO JOOPH CTOMHOCTH U 3a jaBeTe. [2]
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2.4. H3cnenBane, mojiyyeHu pe3yaTaTH U aHAJIN3

B uscnenBanero e u3non3Ban nporpaMuusT nmaker WEKA, koiito e codTyep ¢ OTBOpEH KO/,
m3naneH nox ooy mumeH3 Ha GNU. Aranmmsupanute anroputvu ca: Hausen OelicoB kitacudukarop
1 MeToq Ha OMOpPHHUTE BEKTOpH, M3moi3Bamnl ontumusanus SMO ¢ monmmHoMuamHA QYHKIHS Ha
SJIPOTO.

B noknana ca BbBeJeHU CIEAHUTE MOMYJISPHU CHKPAILICHUS HA U3MOJI3BAHUTE AITOPUTMH B
TeKcTa:

e Haugen 6eiicoB kiacudukarop — NB (Naive Bayes)
e Meroa Ha omopHUTE BeKTOpHW m3mos3Bail ontuMusanus — SMO (Sequential Minimal
Optimization)

[IepBOHAvaiHO ca kiacuduIupanu aBama ObJITapcku aBTOpH - lleito SBopoB m Jlumuo
JleGensiHoB ¢ 1o 21 CTUXOTBOPEHUSI M MPUOIM3UTENHO paBeH Opor aymu — 2018 qymu 3a mbpBUs
aBrop 1 2031 mymm 3a BTOpHs aBTOp. /[Bamara moeTu ca >KMBEIW W TBOPWUJIM B MPUOIU3UTEITHO
€/IHaKbB NepuoJl — kpas Ha 19 u HayasoTo Ha 20 Bek.

Pesynrarure nokassat, ye SMO 100% npaBuiHO € kiacubuupain aBTOPUTE, a Pa3IuKaTa ¢
NB e 7.1429%. (Tabnuia 1)

Ta6auna 1. Kinacudukanus upe3 NB u SMO Ha 2 aBTopa ¢ 1o 21 ctuxorBopenus u ¢ = 2000 6post mymu

bpoii npaBuiiHO
AsTopH Bpoii Bpoii KJIacupuIUpaHu
CTHUXOTBOPEHHA AyMH CTUXOTBOPCHHSA
NB SMO
[Teiio SIBopoB 21 2018 21 21
Jumuo [lebensHoB 21 2031 18 21
TouynocT - IIpoueHT NPaBHJIHO KIACH(PUIHMPAHH 92.857% 100 %
CTHXOTBOPECHHA

[Tpu mouTH 1BOIHO yBenMuyaBaHe Oposl HA JyMUTE U CTUXOTBOpeHuATa (Tabnuna 2), HauHus
belicoB kmacu¢ukarop oTHOBO € Ha Bropa mosumus cienq SMO. HaOmionaBa ce chlliecTBeHa

pasnuka B pezynrara Ha SMO ¢ npeaxonHoTo uscieaBaHe — 6.25 %, 10kato Ta3u CTOMHOCT MpHU
NB e ensa 0.3571%.

Tadauna 2. Kinacugukanus upe3 NB u SMO Ha 1Ba aBTopa ¢ ~ paBeH 0poii ctuxotBopenus u ¢ ~ 4000
Opos mymu

Bpoii npaBuiHoO

Astopn bpoi bpoi KJIacupuuupanu
CTUXOTBOPEHMA AYMH CTHUXOTBOPEHUS

NB SMO
Ileiio SIBopoB 38 4024 36 35
Jlumyo JleGensHoB 42 4017 38 40
TounocT - IIpoueHT NpaBuJIHO KIacHPUIHPAHU 92.5 % 93.75 %
CTHXOTBOPEHHA

[Ipy MOBTOpPHO TOYTH ABOWHO yBenW4aBaHe Opos Ha nymurte (Tabmuma 3), cymMapHO Beue
16400 mymu, NB noka3sa 1mo-mo0pu pesynratu u € ¢ 4.8267 % noeue ot SMO. HauHusT beticos
kiacuuKaTop ¢ moseue ot 8% HaMmamsBa pe3yaTaTa Cu CIpSIMO MPEIXOJHUTE JBE U3CIIEIBAHNUA.
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Ta6umua 3. Kinacudukanus upe3 NB u SMO Ha 1Ba aBTOpa ¢ ~ paBeH 0poit ctuxoTBopenus u ¢ =~ 8000
Opos gymu

bpoii npaBuiHoO

ABTOpH bpoi bpoi KJIacupuupaHu
CTHXOTBOPEHUSA AyMH CTUXOTBOPEHHS

NB SMO
ITetio SIBopoB 73 8023 55 60
Jlumuo JleGensiHoB 68 8017 55 52
TounocT - IIpoueHT NPaBUJIHO KIaCHPUIHMPAHH 842593 % 79 43204
CTUXOTBOPEHHS

[Ipu nBoiiHO yBennuyaBaHe Ha Oposi Ha aBTOPHUTE OT JBa Ha yeTupH (Tabmuma 4), T.e. Opos

KJIaCOBE C MPHUOJIM3UTETHO paBeH Opoit nymu (= 2000), ¢ mo-go0pu pesynraru € NB u e ¢ npeaHuHa
ot 8.4338%.

Ta6auna 4. Knacudukanus ypez NB u SMO Ha 4 aBTopa ¢ = paBen Opoii ctuxoTBopenus u ¢ ~ 2000
Opost mymu

. bpoii npaBuiiHO
bpoii .
Bpoii KJIacu(puuupaHu
ABTOpH CTUXOTBOPEH
st AyMH CTHUXOTBOPEHUSA
NB SMO
I1eiio SIBopoB 21 2018 14 15
Jumuo JleOensiHoB 21 2031 18 15
Xpucto @ores 20 2022 18 18
ITerko CnaBeiikoB 21 2000 16 11
Tounoct - IIpoueHT NPABWIHO KJIACH(PUIIMPAHUA 79.5181% 71.0843%
CTHXOTBOPEHUS

ITpu yBenmuuaBaHe Ha Oposi Ha aBTOpPHUTE Ha oceM (Tabiuia 5), MPOIEHTHUTE HA TPABHIHO
KJIacu(UIMPAHUTE CTUXOTBOPEHMSI HA JiBaTa Kiacu(ukaTopa ca paBHH.

Tao6auna S. Knacudukanus upez NB u SMO Ha 8§ aBTopa ¢ = paBen Opoii ctuxoTrBopenus u ¢ = 2000

Opost nymu
bpoii npaBuiHoO
ABTOpH Bpoii Bpoii KJIacupuuupanu
CTHXOTBOPEHHUS AYMHU CTHXOTBOPEHHA
NB SMO
ITetio SIBopoB 21 2018 14 13
Jumao JlebensHoB 21 2031 10 12
Xpucro Pores 20 2022 15 17
ITetko CnaBeiikoB 21 2000 14 11
[lenuo CnaBeiikoB 20 2020 8 9
I'eo Munes 21 2000 7 8
JIro6en Kapasenos 19 2020 12 13
Huxonaii Jlunues 21 2000 19 16
TounocT - IIpoueHT NpaBuJIHO KIacHPUIHPAHU 60 % 60 %
CTHXOTBOPEHH

[Tpu xnacuduimpane Ha Apyru 2 6barapcku aBropa [lerko CnaeiikoB u Hukomnaii Jlunues ¢
no 21 cruxorBopenus u ¢ mo 2000 O6poit 1ymMu, *KUBETU U TBOPWIM B PA3IUYEH MEPUOJ] : IbPBUS -
cpenara u Kpas Ha 19 Bek, a BTOpHs - HA4ajoToO M cpeaara Ha 20 BeK ce MoJydaBaT KOPEHHO
pasnuuHu pesynrtatu (tabnuna 6). HauBnusT beilicoB kinacupukaTtop He € pa3nmo3Hal caMO €IHO
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CTUXOTBOpeHue, nokato SMO e crpemmi ¢ Tpu ctuxoTBopeHus. Tounoctra Ha NB e ¢ 7.1957%
Mo-BUCOKa OT Ta3u Ha SMO.

Ta6auna 6. Knacudukarust upe3 NB u SMO Ha npyru 2 aBropa ¢ o 21 ctuxorBopenus u ¢ 2000 6pos

JyMH
bpoii npaBuiHoO
AsTopH Bpoii Bpoii KJIacupuupaHu
CTHXOTBOPEHUSA AYMH CTHXOTBOPEHUSA
NB SMO
Iletko CnaBeiikoB 21 2000 20 20
Hukomnaii Jlunues 21 2000 21 18
TounocT - IIpoueHT NPaBUJIHO KJIACH(PUUHPAHU 97 6719 % 90. 4762 %
CTHXOTBOPEHHA

B wm3cnensanero (tabmumu 1, 2, 3, 4, 5, 6) OposST CTUXOTBOPEHUS U OpOSAT AyMHU €
MpUOIU3UTENHO paBeH MPH BCEKU €/IMH OT aBTopute. B mbTH mo-Manko Ha Opoil CTUXOTBOPEHUS U
paBeH Opoit mymm (Tabmuma 7) pe3ynrata ¢ B momsa Ha NB. Hampumep, mpu 5 Ha Opoii
ctuxoTBopenus Ha Ileiio SIBopos u 21 Ha Jumuo JlebensnoB (= 2000 nymu), TouHoctTa Ha NB e
no-rossiMa crpamMo SMO cbe 7.6923%. Ilpu TpoitHO yBennyaBaHe Ha Oposi HA CTUXOTBOPEHHUS Ha
I'BPBUS aBTOp Ha 15 W MBOITHO yBennuaBaHe Ha OpOsi CTUXOTBOPEHHUS Ha BTOpUS aBTOp Ha 42 (=
4000 nymu), otHoBO NB ce cripaBs mo-no6pe, HO ¢ mo-mainka pasziuka ot 3.5087%.

Taoauna 7. Knacudukanus ypez NB u SMO Ha 2 aBTopa ¢ # Opoii CTUXOTBOPEHHUS U € = paBeH Opol nymu

bpoii npaBuiiHO
AsTopH Bpoit Bpoii KJIacupuIUpaHu
CTHXOTBOPEHUS AyMH CTUXOTBOPCHHUSA
NB SMO
ITetio SIBopoB 5 2018 2 0
Jumyo [lebensHoB 21 2031 21 21
Tounoct - IIpoueHT NPABWIHO KJIACH(PUIIMPAHUA 88.4615% 80.7692%
CTHXOTBOPEHUSA
ITetio SABopoB 15 4020 6 4
Jumyo JleGensiHOB 42 4017 42 42
Tounocr - IIpoueHT NpaBuJIHO KiIacuGUUHPAHU 84.2105% 80.7018 %
CTHXOTBOPEHUSA

Taoauna 8. Knacudukanust upez NB u SMO Ha 2 aBTopa ¢ paBeH Opoii CTUXOTBOPEHHS U C # Opoil AyMH

Bpoii npaBuiHoO
AsTopH Bpoi Bpoii KJIacupuIUpanu
CTHUXOTBOpPEHHUA AYMH CTHUXOTBOpPEHHUA
NB SMO
I1eiio SIBopoB 20 5129 11 16
Jlumyo JleGensHoB 20 1937 20 20
TounocT - IIpoueHT NpaBuJIHO KIacHPUIHPAHU 77 5% 90 %
CTHXOTBOPEHHA
ITetio SIBopoB 40 9856 24 40
Jlumyo JleGensHoB 40 4017 39 38
TounocT - IIpoueHT NpaBuJIHO KIacHPUUHPAHU 84.2105% 97.5 %
CTHXOTBOPEHHA
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B cnyuas, korato OposT Ha CTUXOTBOPEHHUSATA € PaBEH, a UMa pasziiuka B Opos Ha AYMUTE B
nbTH (Tabnuma 8), mo-roueH € SMO u TO chCc 3HaYMTENHA MpenHuHa OoT 12.5% mpu mBPBOTO
nzcneaBane u 13.2895% mnpu BropoTOo. [IBaTa KiacudukaTopa HMMaT MO-BUCOK IPOIEHT Ha
MPABIIIHO KIacH(PHUIIMPAHU CTUXOTBOPEHHUSI IIPH TMO-TOJISIM OpOi TyMHU.

[Ipu yBennuaBane Ha Opos Ha aBTopuTe Ha 20, cTuxoTBOpeHusTa Ha 591, mymute Ha 103398
U He chONIIo/IaBaHe Ha PAaBEHCTBO HA OpOMl CTUXOTBOPEHMS M JIyMHU 32 BEKU €IUH OT aBTOPHUTE H
nBaTa KiacudukaTopa He aaBat qoOpu pesynraru. Tounocrra Ha HauBHusT belicoB knacudukarop
e 54.8223 % (durypa 1), a TO4HOCTTA HA METO/Ia HA OTMIOPHHUTE BEKTOPHU C OoNTUMU3anus € 56.6836
% (durypa 2). Precision, Recall u F-measures u npu nBarta KiacupuKaTopa ca ¢ NPHOIM3UTETHO
paBau croiHoctn  ~ 0.55. IlapamerspbpT Kappa Statistic, KoWTO TmOKa3Ba CTeNmeHTa Ha
CBIVIACYBAHOCT MEXIYy MPEICKa3BaHETO M pealHus KJac W NpH JBara kKiacupukaropa e ~0.5
(MHOTO MO-HHCKA CTOMHOCT OT 1, ChOTBETCTBAIIIA HA UeaTHaTa ChITIACyBaHOCT).

OTHOIIEHUETO MEXIy MPABWIHO M HEMPABUIHO KIACH(DUIIMPAHUTE OOCKTH 3a TeHEpPHpPaAHUS
Mozen Ha knacudukanus dpe3 HaumBHus beilicoB knacudukarop e: ~1.21, a upe3 merona Ha
OTMIOpHUTE BEKTOpH C onTtumuzamus € ~1.26. Ilomyuenara npubausurenHa crorHoct 1.21,
cboTBeTHO 32 SMO 1.26 mokaszBa, 4ye OpOAT Ha MPABWIHO KIACUPHUIMPAHUTE 3aMUCH €
npuom3utenHo 1.21  meTH, pecnektuBHO 1.26, mo-TONsAM  OT Opos Ha  HENPaBUIHO
kinacuduupanure 3amnucu. Te3u pe3ynratu nokassar, ue Ha Bceku 1.21 3a NB u cboTBeTHO 1.26 32
SMO, npaBuIIHO KJIaCH(PHUIMPAHU 3aIMCH CE MOJTydaBa €Ha Iperika.

Pasnukara mexny nomydenute otHoueHus [IpaBunno/HemnpaBunHo knacuduivpanu 3amnucu
3a nBata kinacudukaropa € Muoro manka u e 0.05.

Time taken to build model: 5.66 seconds

== Stratified cross-validation ===
—= Sy

= mmary ===
Correctly Classified Instances 324 54.8223 %
Incorrectly Classified Instances 267 45.1777 %
Kappa statistic 8.5135

Mean absolute error 8.e457

Root mean squared error 8.2845

Relative absolute error 48.9061 %

Root relative squared error 94.6387 %

Total Number of Instances 591

=== Detailed Accuracy By (lass ===

TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area C(lass
8,476 8,826 8,400 8,476 8,435 8,414 8,958 8,434 Botev
8,739 8,836 8,729 8,739 8,734 8,698 8,939 8,765 PYavorov
8,508 8,865 8,357 8,508 8,417 8,373 8,842 8,429 DDebelianov
8,118 8,802 8,667 8,118 8,200 8,273 8,902 8,398 DChintalov
8,648 8,876 8,438 8,648 8,528 8,477 8,877 8,523 GMilev
8,685 8,008 1,800 8,685 8,754 8,766 8,968 8,865 HFotev
8,600 8,802 8,938 8,600 8,732 8,742 8,992 8,887 LKaravelov
8,300 8,854 8,286 8,300 8,293 8,240 8,802 8,324 PenchoSlavejkov
8,000 8,000 8,000 8,000 8,000 8,000 8,987 8,779 GRakovski
8,523 8,827 8,605 8,523 8,561 8,530 8,896 8,594 HSmirnenski
8,533 8,000 1,600 8,533 8,696 8,726 8,997 8,941 KMiladinov
8,659 8,859 8,475 8,659 8,552 8,518 8,874 8,603 KVelichkov
8,561 8,849 8,460 8,561 8,585 8,467 8,892 8,472 PetkoSlavejkov
8,300 8,000 1,600 8,300 8,462 8,544 8,953 8,408 RGenzifov
8,757 8,823 8,683 8,757 8,718 8,699 8,929 8,716 SStambolov
8,000 8,000 8,000 8,000 8,000 8,000 8,819 8,229 SMihajlovski
8,008 8,008 8,800 8,008 8,008 8,000 8,851 8,385 VasilPopovich
8,508 8,835 8,394 8,508 8,441 8,415 8,959 8,578 MaraBelcheva
8,765 8,831 8,605 8,765 8,675 8,658 8,954 8,764 NLiliev
8,333 8,000 1,600 8,333 8,508 8,574 8,944 8,722 SirakSkitnik
Weighted Avg. 8,548 8,834 8,576 8,548 8,539 8,520 8,918 8,607

®@ur. 1. Weka knacudukanus ype3 NB Ha 20 aBTOpa ¢ # Opoil CTUXOTBOPEHHUS U € # Opoil [yMu
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Time taken to build model: 4.83 seconds

Stratified cross-validation ===

=== Summary ===

Correctly Classified Instances 335 56.6836 %
Incorrectly Classified Instances 256 43.3164 %
Kappa statistic B8.5315

Mean absolute error 8.8911

Root mean squared error 8.211

Relative absolute error 97.4809 %

Root relative squared error 97.6314 %

Total Number of Instances 591

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area C(lass
0,476 e,816 @,526 @,476 @,508 @,483 @,93e @,388 Botev
9,899 e,182 2,539 @,899 @,674 @,647 2,921 @,524 PYavorov
9,475 e,842 2,452 @,475 2,463 @,424 @,33e @,325 DDebelianov
9,118 e,802 @,667 2,118 @,200 2,273 @,79e @,275 DChintalowv
0,600 @,885 @,395 e,608 @,476 2,428 @,3841 2,313 GMilev
8,814 0,818 8,778 e,814 8,795 8,779 8,955 8,708 HFotev
0,680 0,802 8,944 0,680 8,791 8,794 8,967 8,754 LKaravelov
0,458 8,847 8,409 8,458 8,429 8,385 8,827 8,274 PenchoSlavejkov
0,800 0,800 @,e00 0,000 @,000 @,e00 8,499 @,007 GRakovski
9,227 0,813 8,588 8,227 8,328 8,337 0,808 8,295 HSmirnenski
0,600 0,800 1,008 0,608 8,758 8,771 8,972 8,893 KMiladinow
0,758 0,849 8,558 0,758 8,635 8,609 8,929 8,476 KVelichkow
8,463 8,829 8,543 8,463 8,508 8,468 8,887 8,363 PetkoSlavejkov
8,400 8,000 1,000 8,400 8,571 8,629 8,852 8,466 RGenzifov
8,730 8,823 8,675 8,730 8,701 8,681 8,931 8,577 SStambolov
8,000 8,000 8,000 8,000 8,000 8,000 8,743 8,879 SMihajlovski
8,871 8,000 1,000 8,871 8,133 8,264 8,778 8,195 VasilPopovich
9,654 9,828 2,515 2,654 @,576 2,559 @,948 @,419 MaraBelcheva
9,588 2,814 a,714 2,588 2,645 2,629 2,933 @,554 NLiliev
9,222 e,e00 1,800 @,222 @,364 2,469 2,928 2,622 SirakSkitnik
Weighted Avg. 9,567 e,837 2,599 @,567 @,544 @,532 @,3886 @,448

®@ur. 2. Weka knacudukanus ypez SMO Ha 20 aBTopa, Bceku ¢ # Opoil CTUXOTBOPEHUS U € # Opoit 1ymMu

Bunno ot ¢urypa 3, nBara kinacudukaropa pa3sno3HaBaT paziauueH Opoil CTUXOTBOpEHUs Ha
BCEKH €JIMH OT aBTOPUTE, a PH MATBK OpOil MpUMEpH HE JTaBaT MOJIOKUTENICH PEe3yJITar.

06w, 6poii cTUXOTBOPEHMA U BPOI CTUXOTBOPEHUSA pa3no3HaTi ¢ NB n SMO
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M 06wy, bpoii cTxoTBOPEHUA [ Bpoi cTUXOTBOPEHMA pa3no3HaTh ¢ NB M Bpoit cTxoTBOopeHus pasnosHaTtn ¢ SMO

®ur. 3. PaznpezencHue Ha 0011 OpO¥ CTUXOTBOPEHHMS U OpOi cTUXOTBOpeHHs pa3no3natu ¢ NB u SMO no
aBTOpHU
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3. 3akiarodeHue

ANTOpPUTBMBT, U3MON3BAIl METO/Ia HA OMOPHUTE BEKTOPH C ONTHMHU3aLUA ¢ J1Ba JIaHrpaHxk
MHOXHTENS U TojduHOMHAIHA GyHKIus Ha saporo (SMO) npu kinacuduimpaHe Ha TEKCT C JiBa
Kjaca, Bceku ¢ okoJio 2000 nymu u ¢ 21 1oKyMeHTa, 1aBa pa3juKa B TOUHOCTTA nosede oT 7.14%
ot HauBHus beiico xnacuduxarop (NB) kakTo mosokuTeNHA, Taka U OTPUIIATEIIHA B 3aBUCHMOCT
OT pa3nnumneTo B JaHHUTe. Korato Tekcra chabpka CXOJHH TyMHU, KAKbBTO € IMpUMepa IpH JABama
aBTOPH KHMBEIIM U TBOPWIH Tpe3 eAuH U chim nepros, SMO e ¢ mo-BHCOKH CTOMHOCTH, TOKATO
IIPU CHIIECTBEHA pa3iiMKa B TEPMUHOJIOTUATA B TEKCTa, MOYTH Cbe chinara npeanuna e NB. Ilpu
MOYTH JBOWHO yBenu4aBaHe Ha maHHuTe, SMO HamamsBa TouHoctTa cu ¢ 6.25%, nOKato Taszu
pasnmuka npu NB e manko mo-romsima ot 0.35%. Ilpu moBTOpHO MOYTH ABOMHO yBelIWYaBaHE HA
nanaure, 6au3o nmo 8000 nymu ot Bceku kiac, NB pa3no3naBa nBara kjaca ¢ TOYHOCT MaJIKO TO-
ronsima ot 84% wu ce cipas no-goo6pe or SMO ¢ npennuna moseue ot 4.8%. [Ipu ueTnpu Kinaca u
MIOYTH paBeH Opoil JokyMeHTH u aymu, HauBHus belicoB kiiacupukarop gaBa TOUHOCT MO-TOJIIMA
or 79.5% u e c moeue or 8.4% or SMO. Ilpu ocem knaca W TPUOTUIUTETHO paBeH Opoi
JOKYMEHTH M JIyMH 3a BCEKH aBTOp M JBaTa Kiacudukatopa naeat TouyHocT 60%. [Ipu paznuka B
Opos Ha noKyMeHTHTE B TbTH, HamBHuAT belicoB kinacudukarop qaBa mo-royisiMa TOYHOCT, JOKATO
B IITU pa3nuka B Opost Ha nymu, SMO e ¢ nmo-Bucoku ctoitHocTH. [Ipu romnsim Opoii nanuau — 20
kinaca, 591 noxkymenta, 103 398 nymu u pasnuueH Opodl JyMH 3a BCEKM JOKYMEHT U Kiac,
tounocTTa Ha SMO e 56.6836 % u e camo ¢ 1.8613% noBeue ot Hausnuus beiicoB knacudukarop.

[IpoBenenuTe u3cienBaHus MOKa3BaT, Y€ TOYHOCTTA HA MNpencka3Bane Ha HauBHusa belico
KJIacu(UKATOp U alrOpPUThMa H3MOJI3BAIl METOJa Ha OMOPHUTE BEKTOPH C ONTUMHU3ALMUSA C JBA
JlanrpaHX MHOKHUTEISI U MOJMHOMHAIHA (PYHKIUS HA SAPOTO, MpU JBa Kiaca € Hag 90%, mokato
pH KiacuduKaiys Ha TEKCT IPU TOJIsIM 00eM OT JIaHHU HE € JOCTaThbUHO BHUCOKA.
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DEVELOPMENT OF AIR TRAFFIC CONTROLLER TRAINING
PROGRAMMING MODEL

Milena N. Karova, Anna D. Nikolova, Drumka N. Zhekova

Abstract: The article presents a programming model of simulator training for air traffic controllers. The
development of the mathematical model includes approximation of arcs using cubic Bezier curves. The
advantage is that the curve passes through both of the endpoints while the two intermediate points act as
magnets which can easily control the shape of the curve.The model simulates the control of aircraft landing
and aircraft take off, the change of trajectory, the communication with flight control center and more.
Keywords: Air Traffic Control, simulator, aircraft landing, aircraft take off, Bezier curves, aircraft
trajectory, runway

PASPABOTBAHE HA ITPOI'PAMEH MOJEJI HA CUMYJIATOP 3A OBYYEHUE HA
PBbKOBOJIMTEJIN HA ITIOJIETHU

Munena H. Kaposa, Auna JI. Hukonoga, pymka H. JKekosa

Pe3tome: Crarusita npeacTaBsi IPOrpaMeH MOJIENT Ha CUMYyaTop 3a o0ydeHHne Ha PhKOBOJHUTENN HA MOJIETH.
Pa3zpaboTkaTta Ha MareMaTH4ecKus MOJEN BKJIIOYBA AlPOKCHUMALMS Ha ABIU C H3IIOJA3BaHE Ha KyOMYHH
kpuBu Ha besue. llpennmcTBOTO €, 4ye KpuBara NMpeMuHaBa Mpe3 ABETE KpalHM TOYKH, JOKATO ABETE
MEXIUHHA TOYKH JCHCTBAT KAaTO MAarHUTH, KOWUTO JIECHO MOTaT Ja KOHTpoiHupar (opmaTa Ha KpHUBara.
MoznenbT cuMyiaupa KOHTPOJIAa Ha M3JIUTAHETO M KAallaHETO Ha caMoJieTa, NMPOMSHAaTa Ha TPAaeKTOPHSTA,
KOMYHHKAIMATA C LIEHThPa 3a yIpaBJIeHNUE HA MOJIETH U Ap.

KarouoBn aymMm: KOHTpOJI Ha BB3AYIIHOTO IBM)KEHHE, CHUMYJATOp, KallaHE Ha CaMoJIeT, M3JIUTaHe Ha
camoJeT, KpuBH Ha be3ue, TpaekTopus Ha caMosieTa, MICTa 3a U3UTAaHE U KallaHe.

1. Introduction

Air Traffic Control (ATC) or flight controller training is a complicated domain in which many
specialists should communicate with each other, and manage an air traffic situation in a
collaborative way in order to guarantee safe and efficient air traffic. It is necessary to train a large
number of professionals working in the air traffic control area.

The objective of this research is to conceive, design, and implement an ATC system that can
be easily used at schools, on courses or simply manage an air traffic situation.

The responsibilities of a flight controller are [2]:

e Communicate with the pilots, coordinate air traffic between control centers.

e Allow departure and landing, give implementation instructions and any other information

for pilots.

e Recommend traffic route changes of planes flying in fog, storm or in urgent and other
extraordinary situations.

Transfer responsibility for aircraft taking off to air transport control center.

Communicate with the plane crew and notify the aircraft center for problems in the field.

Fill a daily report and store messages received by airplanes.

Data analysis such as weather, fuel requirements and maps in order to organize air flights

and routes.

e Announce reportedly flight information such as altitude flight, estimated time of arrival
and route to the aircraft control center.
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e Control the aircraft movement at the aerodrome.

There are a large number of ATC simulators providing a realistic simulation of operational
environments to train air traffic controllers in managing aircraft operations and handling emergency
situations. The advanced simulators facilitate realistic training in the full-spectrum of ATC
operations — from approach and departure phases to the enroot phase of flight, as well as ground
movement at the airport.

Examples of famous simulator systems are:

e ATC-SIM — web simulator (choosing the level of difficulty)

e SKY-HIGH — web simulator (professional skills are required)

e VATSIM - desktop application (pilot and air traffic control). This is one of the best ATC

software.

e Mathematical Modeling of Aircraft Trajectory includes two constructors: one for usual
trajectory change and one for landing. It is uses Bezier curves: parametric curves given by
controlling points. Bezier curves, and more specifically cubic Bezier curves, are a standard
tool in many computer-aided design applications such as PhotoShop, InDesign, GIMP,
Scribus, etc. The cubic Bezier curves controlling polygon consists of 4 points: start and end
point and two intermediate ones. The advantage is that the curve passes through both of the
endpoints while the two intermediate points act as magnets which can easily control the
shape of the curve. Moreover, every given curve can be represented as a finite number of
such four-point Bezier curves, connected to each other and its smoothness around the

connection point can easily be controlled[4].
The presented Air Traffic Control simulator allows the following process:

Choose and change the aircraft direction
Choose and change the aircraft altitude
Choose flight departure or landing
Create aircraft activity reports

2. Mathematical Modeling of Aircraft Trajectories

Bezier curves are polynomial parametric curves. In the 1960s the French mathematicians Paul
de Casteljau (Citroen) and Pierre Bezier (Renault), independent of each other, came to the idea of
using parametric curves given by controlling polygons of points. Similar ideas existed as early as
the twenties in the field of classical differential geometry, but those ideas never found an
application at the time. Nowadays, the cubic Bezier curves are a standard tool in numerous
Computer Aided Design (CAD) applications such as PhotoShop, InDesign, GIMP, Scribus, etc.

To define a Bezier curve of n-th order, one needs n+1control points Py, Ps,...,P, and
Bernstein’s polynomials. On successive connection, these points form the controlling polygon of
the curve. Bernstein’s polynomials B, ;(u) are polynomials of a single real variable and have the
form:

i{(n—i)! i=0,1,...,n 1)

Then the Bezier curve C(u) of n-th order, determined by the controlling points Pg,Py,.... Py,
has the form:

C(u)=Y By (u)R, @
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where u €[0,1].
Most widely used are Bezier curves of 3-rd order, given in the form

C(u)= iB&i (U)P =(1-u)’ R +3u(1-u)* B, +3u?(1-u) R +U°P, . (3)
i=0

Fig.1. Cubic Bezier Curves

On Fig. 1 are given Bezier cubic curves, determined by 4 control points Py, P1,P2,P3. The
curves pass through the start and the end control points. These control points are found by setting
the parameter to the limits of its domain [0, 1], i.e.C(0)=P, and C(1)=P,. Bezier curves are tangent
to their first (PoP1) and last (P,P3) control lines. Every Bezier curve lies entirely in the convex hull
of its control points.

Many practical problems require the approximation of circular arcs with Bezier curves. Let us
define a circular arc with radius r and magnitude less than 90 degrees. The coordinate system is
oriented as shown on Fig. 2, i.e. the positive direction of the x axis splits the arc in half.

Fig.2. Approximation of a circular arc by cubic Bezier curve

The resulting Bezier curve connects P; and P4 and its tangents at the ends are collinear with
the vectors (P1-P,) and (P4-P3). The variation of tangent magnitude L is within the domain

[0,rtgep], where ¢ is half the angular width of the arc segment [5], i.e. (ng. Then the

coordinates of the cubic Bezier control pointsP, and P3 are [5]:
X, =% +kLsing
Yo =Y, —kLcosg
X3 =X, +k Lsing (4)
Y; =Y, +kLcose
wherek is the so-called ,,magic number*, i.c. k=0.5522847498.
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3. Architecture Design

The main project files which describes and declare different view screens, the main user class,

the title of the project and login screen is App.java.

The controllers contain action functions, performed by the user.

e LoginController.java — controller, responsible for application initialization.

e MainController.java and FlightController.java - controllers responsible for the main panel
(manage the flights). Controller functions are used for airport drawing, runs runaways, the
boundary of the flight range, course changing etc.

¢ ReportController.java - controller for report writing.

App.java

l

LoginController.java
retrieve data

—_—
FlightControllerjava T Services
te, update,

create,
l delete data I l

MainController.java DAOs

Il

Database

Fig. 3. Simulator system design
4. Graphical User Interface (GUI) Display

The user interface of the desktop application is built by FXML. The elements of each screen
in the application are vector-based controls and graphics resource. The appearance of the
application describes using a software called JavaFX Scene Builder. There is login panel with user
name and password given in advance by the administrator.

There are several display options of the main panel during initialization: display area,
dynamically drawn courses, runways (waypoints), flight zone (dotted red line), airport linseys and
flight information [3]. All these functions are in MainController.java. Starting a timer to generate
new flights and calling functions for drawing graphics is done in the constructor of
FlightController.java. This controller also declares parameters and maximum altitude, fuel, altitude
landing, etc.

There are different interface functions for:

1) Changing flight labels (Fig. 4 Change Description())

Transmit
Flight 5QG)
Coordinates 660x375
Bearing 270°

Altitude 1700ft

Crigin Varna Airport

Destination  to Sofia Airport

Fuel Smins

Plane Boeing 767-336(ER) - 6000ft/min

Fig. 4. Information fields
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2) Introducing commands to control the flight with 4 modes (Fig.5, Fig. 6) (function
transmitButtonAction() in MainController.java):
e "b" + new direction in degrees

"c" + new altitude

"r" + choice of runway

"I'" + choice of runway

n Commands = B
Change bearing “b" + new bearing in degrees
Clear to altitude “c" + new altitude

Take off runway “r" + runway name

Land on runway “I" + runway name

Fig.5. Commands list

3) Changing flight altitude, taking in mind that each type of aircraft has different parameters
to change in the database. The timer which is active for each object will change the altitude
every second. (Function set FlightAltitude Fig. 7)

4) Changing flight course —direction. the user must enter a valid direction in degrees. The
functions in mainController.java calculate and draw a path in case of a changing course,
taking the current and the new course, the angle of the bend and starting coordinates of the
maneuver (1).

5) processing of flight takeoff - takeOffRunway () function automatically rises to the
minimum altitude and waits for instructions to be redirected to the correct runway

6) Flight landing — incoming flights should be directed to the runway for landing (function
LandOnRunway). For landing process, the function needs landing altitude, the correct
angle and the runway name.

7) Listing of reports — function reportService.listReports (). List of reports of the activities of
a dispatcher are taken from Reports table in the database. On Fig.8 is shown menu with
some sample reports.

transmitButtonAction
switch (orders)

validateTurn ~ ~ landOnRunway

changeAltitude [takeOffRunway

Fig.6. Command switch in transmitButtonAction()

Fig.7. Indicator of altitude change
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i Reports = B

Pasitive reports: 3 Megative reparts : 2 Crashes: 2
Flight Origin Destination Altitude Status
Burgas Airport Sofia Airport Did not reach destination
F7GT Varna Airport Sofia Airport 54011t Crashed without fuel
RMMI Varna Airport Sofia Airport 1700ft Landed successfully
1¥45 Burgas Airport Sofia Airport 4000ft Crashed with flight #DPC3
owac Sofia Airport Burgas Airport 2700ft Left our airspace successfully
JTPY Burgas Airport Sofia Airport 2966ft Did not reach destination
NDAT Sofia Airport Burgas Airport 2700ft Left our airspace successfully

Fig.8. Report List
5. Database Design

Data storage is designed on Oracle 11g XE database, the connection is performed by
Hibernate ORM. For this purpose the hibernate.cfg.xml file must be configured with the correct
parameters for the driver, address, port, username and password of the user.

There is a class that contacts with table from the database and addsannotations (the table
name, data type and the relations between objects).

The DAO class is responsible for operations with the data service and runs the application

(Fig 9).

APRONS PLANES
RUNWAYS AIRPORTS FLIGHTS
TERMINALS REPORTS

USERS

Fig.9. Database structure

The data in the tables Airports, Planes, Users, Terminals, Runways, Aprons are completed by
the administrator through direct access to the database. In the future, additional admin panels could
be built to facilitate the process. Flights and Reports Tables are completed recording reports during
the simulation.

6. Modeling of Actual Aircraft Trajectories

In order to change the movement trajectory of a given flight, the user has to provide a valid
direction in degrees. The input correctness is verified in validateTurn() in mainController.java. The
actual calculation and the tracing of the path after a change in the direction is performed by the class
TurnPath, located inside the customs directory. The class takes into account the current and the new
direction, the angle of the turn and the start and end points of the trajectory.

In generateFlightPath(), the trajectory of the flight is changed by generating a new trajectory
of type FlightPath. This class has two constructors: one for usual trajectory change and one for
landing. The code for drawing the landing trajectory can be found on Fig.10. For this purpose, the
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coordinates of the flight and of the landing track are used as start and end points. A standard
formula for calculating the distance between two points is used for finding the value of
transitionLenght.
To generate a usual change of direction, we need to use the start X and Y and the degree of

the new direction:

angle = Math.toRadians(newBearing - 90);

X = X + 2000 * Math.cos(angle);

y =y + 2000 * Math.sin(angle);

publicFlightPath(double startX, double startY, double endX, double endY,
PlaneElement oPlane) {

LineTo lineTo = new LineTo(endX, endY);
this.getElements().add(new MoveTo(startX, startY));
this.getElements().add(lineTo);

oPlane.transitionLenath = Math.sart((startX-endX)*(startX-endX) +
Fig.10. Generation of landing trajectory

When the dispatcher requests a change in direction, first the argument correctness is verified
by validatTurn() and then the method changeBearing() in MainController.java is invoked. The
actual change is performed by changeFlightBearing (FIX THE SENTENCE!) The method takes
into account the coordinates of the flight, the current direction and the new one in degrees. An
algorithm for approximation of circular arcs by cubic Bezier curves is used. The algorithm
calculates the endpoint and the two intermediate points by using (1), the original position
coordinates and the requested turn angle. The latter are used for instantiation of an object of type
CubicCurvesTo. The parameter r is the radius of the desired arc, a is the angular width of the arc
segment and k = 0.5522847498 is the so called “magic number”. A 90-degree arc drawn using this
algorithm is shown on Fig.11.

x1 = r * Math.cos(a/2);

yl = r * Math.sin(a/2);

x4 = x1;

y4 =yl

x2 =x1+k * tan(a/2) * y1,
y2 =yl + k * tan(a/2) * x1;
X3 =x2;y3 =-y2,

(x1,v1)

(x2,v2)

(x3,y3)
(x4, v4)

Fig.11. Approximation of arc by a cubic Bezier curve
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After the turn is completed, the algorithm in FlightPath.java is used to draw the trajectory of
the flight

7. Conclusions

This paper discusses the need and requirements for ATC computer simulations as automation
training tool or school game. The complex Model of Actual Aircraft Trajectory is explained, using
Bezier curves: parametric curves given by controlling points. The presented simulator could extend
simulators capabilities: tower simulator, radar simulation, putting dynamical environment and
weather modelling, piloting and other advanced ATM tools.
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DYNAMIC CAPABILITIES OF ACOMPLIANCE CHECK
SOFTWARE SYSTEM

Ventsislav Nikolov

Abstract: In this paper automated logical dependencies support for a limit checking software system is
considered. By providing and observing of dynamic limits the system based on production systems truth
maintenance is able to work effectively on solving large scale problems. The system is appropriate for
regulatory checks in different fields.

Keywords: Compliance check, Limits, Production system, Automated check.

JUHAMUNWYHU BB3MOKHOCTHU HA COPTYEPHA CUCTEMA 3A ITPOBEPKA HA
JIMMUTHHU OI'PAHUYEHUSA

Bennuciaas Hukomos

Pe3tome: B cratusTa ce pasriexiaa aBToMaTU3UpaHa MOJAPBKKA HA JOTUYECKH 3aBUCHMOCTH B COpTyepHa
cucTeMa 3a JUMHUTHH OorpaHuueHus. Upe3 ocurypsiBaHe U HaOMIOJeHNE HA TUHAMUYHU JHUMUTH, CUCTEMAra,
0a3upaHa Ha MPOAYKLHMOHHA CHCTEMA C MOANPHKKA HAa HCTHHOCT, MOXKE /1a pabOTH ¢ BHUCOKa €(DEKTUBHOCT 3a
peliaBaHe Ha 3HAUUTENHU IO CJIOXKHOCT npobiemu. Cucremara € MOAXOAAIIA 3a IPOBEpPKa Ha PerylaTOpHH
W3UCKBaHMS B Pa3IMYHK 001aCTH.

KuarouoBn aymm: IlpoBepka 3a cworBercTtBHe, Jlumutu, IlpoaykuuoHHa cucrteMa, ABTOMaTU3HMpaHa
IIPOBEPKA.

1. Introduction

In every corporation, institution or market participant there are some regulatory requirements
that should be regularly checked for violation. These requirements can be on different levels:
international, national, corporate, team or other specific level. Some of these regulations are
obligatory while others are only recommending. Their check can be done either manual or
automated or partly automated. The advantage of the automated check is that it can be done faster
and the system doing that could be permanently executed so for example some automated trading
systems can always observe for any violations [1] [2] [7] [12] [14]. A software system started on a
server can be used as automated checking system observing some preliminary defined limits
definitions. Such limits could be for example: “the amount of assets in a given investment must not
exceed 15% of all items in the portfolio”. The solution presented here is realized as compliance
check software system based on a production system which is optimized to observe any rules having
left-hand side as antecedent and right-hand side as consequent [9]. The developed system is
generally intended for the financial institutions but it could easily be adapted for other domains. The
system here is able to check automatically some defined beforehand rules which are based not only
on the regulations but also on the hedge or insurance in order to prevent any significant losses in the
investment. The assets are considered in the system as elements which can be grouped in sets of
elements representing portfolios. Every element contains properties according to the instrument type
of the asset. An example of an element is a financial contract and its properties could be: start date,
end date, name, value, etc. The properties depend on the type of the contract and some of them can
be changed in contrast with others that stay permanent during the contract time period. For example
the values can be changed but the start and end dates stay the same.
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Some similar software solutions provide graphical controls as user interface that is not always
very flexible [13]. In our solution a specific language is defined for this purpose which allows
convenient rules to be defined for internal data types and limits. In [10] such a system is described
with three data types and the last one, that is the most important, shows the violated and satisfied
limits.

2. Solution

The statements of the input language are translated into production system code for automatic
check. Such a system works in a quite different way compared to the traditional object oriented
languages. The production systems comprise productions which are considered as rules which can
be executed in arbitrary order according to the pattern matching. Example of two statements in the
compliance check language realized here is:

set setl = subset(set0, (not (PV < 100.6)));
double_result result4 = avg(setl, 1.0 + 0.2 * volume);

The first statement define a new set called setl as subset of another existing set called setO
selecting only the elements of setO for which the property PV is not smaller than the constant value
100.6.

The same example with exchanged statements will generate two rules but if there is not
conflict the activation of the second rule in some cases could be before the first one. Yet if a fact
matches both rules left-hand sides then according to the conflicts resolution strategy the rules fire.
That is why a check is done in the parsing stage that all identifiers definitions exist before using
them.

The translation from the compliance check language into the production system code is done
by ANTLR [11] which automatically generates lexical analyzer and parser by analyzing a grammar
provided beforehand. The translation is conducted by performing actions expressed by code
fragments into the grammar which are executed when the parser recognizes an expression.

Tree representation

The entire structure of a program in the complieance check language can be represented as a
tree providing an easy way for visualization and edit of the nodes. The tree is built in the parsing
stage and always is available in the memory on demand. It can be provided to the user so that if a
node is selected the information it contains can be used to modify the programming code. Once the
expressions are loaded however, it is impossible to modify them while the system works.
Modification is permitted only when the system is stopped.

An example of the translation and tree representation can be given for the following
expression:

set set0 = positions;
set setl = subset(set0, (not (CLEAN_VALUE < 100.6)));
set set2 = subset(set0, CLEAN_VALUE = 1.5e+2) and setl1;

It creates a new set of elements as a subset of set0, which should already exist, combined with
the elements of setl that should exist too. The production system used here is Drools [3] and the
expressions above are translated into the following rules:

rule "inline2" // subset with given filter from set 'set0’
when
NamedItem(name == "inline0", $pos : value)
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eval((((getPropertyValue($pos,"CLEAN_VALUE" )) == 150.0) ))
then
insertLogical(new NamedItem("inline2", $pos));
end

rule "inline3" // inline2" and 'set1’
when
NamedItem(name == "inline2", $pos0 : value)
NamedItem(name == "inlinel", $posl : value)
eval((getPropertyValue($pos0, "id")).equals((getPropertyValue($posi, "id™))))
then
insertLogical(new Namedltem(*inline3", $pos0));
end

/I custom set 'set?' is 'inline3'

As it can be seen every custom name is internally represented by its system name generated
by the internal name generator. This is done in order to avoid any problems with the variables
names provided by the user. The translation process is automated by the parser and lexer. Taking
into account the common production systems features the expressions can easily be translated into
another language like well-known C based CLIPS [4] [5].

One of the main advantages of the production systems is that they are based on the RETE
algorithm [8] which is optimized in respect to the rules execution. It is a pattern matching algorithm
based on internally built nets which nodes correspond to the patterns in the left-hand side of the
rules and there are facts associated to them which determine the patterns matching. In opposite, the
native rule matching algorithms are very ineffective. One of the disadvantages of the RETE
algorithm is that in some cases it may cause significant memory consumption.

The tree representation of the upper expression is shown in fig. 1. A tree in the user interface
is shown in fig. 2.

-set2 (1:65)(1:110)[set set2=subset(set0, CLEAN_VALUE=1.5e+2) and set1;]

+
|-inline2 (1:76) (1:100) [subset(set0, CLEAN_VALUE = 1.5e+2)]
I

+
[-setO (1:1) (2:0) []

|
-setl (1:32) (1:63) [subset(set0, (not (PV < 100.6)))]

+
[-set0 (1:1) (1:0) ]

Fig. 1. Tree of syntactic elements

The tree in fig. 1 is internal programming structure which contains syntax elements in its
nodes similarly to an abstract syntax tree. The coordinates of the first and last characters of the
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syntax elements are shown as number of line and number of character in the line. These coordinates
can be seen in braces in fig. 1. The text of the element is also available as information.

Selecting a given node in the user interface tree, shown in fig. 2, provides additional
information as type of the node, its definition and other specific information.

rResults Tree

Bd nccetniasses_3521 &
B nsserciasses 5266
E‘] AssetClasses_B143
Bd nscorciasses_6721
Bd acc et iasses 003
Bd fssetclasses_7a40
Bd pcserciasses 7806
Bd ncsetciasses_ros2
Bd pcserciasses_g177
Bd nccetciasses_g343
B nsserciasses_g7a7

setO
= setl
positions
& set.?
&8l iniines3s
positions
= se'rl
positions

r Additgonal Node Informatdon

>

L

Type: SET
Text: subsetiset0®, inot (CLEAN_VALUE = 100.8)))
Positions count: 198

Fig. 2. Tree representation of the language elements

Software implementation

The main part of the parser relies on the objects structure realized using the “interpreter”
design pattern [6]. Every element, either terminal or non-terminal, is implementation of an interface
using a context of internal data and producing the resulting element of the transformed language.
The context data contains data structures, internal names generators and other programming
constructs needed for the translation process.

public interface DroolsElement {
public String createElement(Context cxt);

}

Dynamic capabilities

It is important that the memory state depends on the time moment of the system working. The
system usage can be separated to the following stages:

1) The script is loaded.

2) The elements of the general (default) set are inserted.
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3) Additional elements are inserted or existing are removed or modified.
4) The resulting limits and other data are extracted from the memory.

The resulting limits extraction is just retrieving and analyzing the facts in the production
system working memory. Once loaded the script stays in the system and every change in the facts
set causes changes of the other dependent facts. The modification of an element in the production
system is equivalent to its removal and insertion again with new data filled in its fields. Thus the
logical dependencies are updated in real time and the system dynamically keeps the facts updated.

The dynamic capabilities are usable either in the case when there are too many values for a
given property of an element or when it is not known which values can be assigned to it. For
example, if the elements have a property called country and a set should be created for every
country then an expression should be written for every possible country.

set setl = subset(positions, country = 'Germany’);

set setl = subset(positions, country = 'ltaly');

Instead of that only one expression can be written using the dynamic capabilities:
dynamicSet(setl, country, ‘countries");

The named prefix ‘countries’ can be used after that to refer all sets together or selecting some
of them:

limit myLimit = Forall('prefixl’, distinct_by(country = ‘all'), Sum(‘countries', volume * 0.1)
>= Sum(‘countries', PV * 0.2));"

Omitting the “distinct_by” construct causes all the corresponding sets to be compared. If a
tree node, that is a set of elements, does not exist in a tree then the check is not performed and the
limit is not violated.

A variety of additional operations are possible for the dynamic sets: union of subsets
according to a given condition, counting the number of dynamic subsets, using of different
mathematical functions, etc.

External functions
Taking into account that the system is realized as a software library it provides some
interfaces which can be implemented outside the library in the embedding system and thus
additional functions can be used to extend the existing ones. For example, in the expression below
an external function called “add_year” is used which adds a year to a specified date:

set mySetl = subset(positions, date = function("add_year", "10.01.2009", "1"));

The number of parameters of the “function” varies according to its purpose. Another example
is a function returning the date for which the check is performed:

set mySet2 = subset(positions, date < function("eval_date"));

It is also possible to use a function as parameter to another function:
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set mySet3 = subset(positions, date = function("add_year", function(eval_date"), "1"));

Thus the additional functions can be added without need to change the library which provides
additional flexibility to the system.

Summary

The system is realized as a usable software module and it is practically used as part of other
more complex systems. It has been tested for complex expressions and a huge number of elements
in the memory. For example 180 lines of expressions in one of the tests were transformed into 340
production rules and 10000 elements were inserted as facts into the production system working
memory. In the first inference these facts caused creation of new 110 436 facts overall that lasted 13
minutes and 19 seconds. After that an element is removed which causes removing of other 11
logically dependent facts and that operation lasts 129 milliseconds. Insertion of a new element lasts
1 ms and it does not caused automatic insertion of outer facts. Obtaining of information for the facts
in the working memory however also takes some time, about 300 ms were needed. The logical
inference and the limits results were completely correct. In fig. 3 the table of the limits can be seen
in the user interface where the violated limits are shown with “No” in the column “satistfied”.

Limits
Limit Name Satisfied LHS RHS Remaining
1 limit_AC_1723_Bonds Mo
2 limit_AC_1723_Bonds_down Mo 2121 2500 15.17%
3 limit_AC_1723_Bonds_up Yes 2121 3100 3159%
4 limit_AC_1723_Equities Mo - 10,00 100.00%
5 limit_AC_1723_FXOptions Yes 1
6  limit_AC_1723_Fx¥Options_down Yes 5115 51.00 0.36%
7 limit_AC_1723_FXOptions_up Yes 5118 52.00 1E57%
8 limit_AC_1723_Liguidities Yes
9 limit_AC_1723_Liguidites_down Yes 2761 9.00 67.40%
10 limit_AC_1723_Liguidities_up Yes 2761 4800 42.48%
11  limit_AC_1936_Bonds Yes
12 limit_AC_1936_Liguidities Yes
13 limit_AC_1986_Alernativelnvestments Yes
14 limit_AC_1986_EBonds Mo
15 limit_AC_1986_Equities Yes
16 limit_AC_1986_Liguidities Yes
17 limit_AC_1986_MoneyMarket Yes
18 limit_AC_1986_FealEstates Yes
W
Lirnit: | limit_AC_1723_Bonds ;[

Fig. 3. The list of resulting limits

There are different kinds of limits. Some of them are comparison between two sides: left-hand
side and right-hand side and in this case the calculated values of both sides are additionaly shown.
Some other limits however are only check of some condition for all elements in a given set or many
sets. Such limits are shown without values for left-hand and right-hand side.
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AN OVERVIEW OF AN AUTOMATED TRADING SOFTWARE
SYSTEM

Ventsislav Nikolov

Abstract: The paper illustrates the architecture and strategies used in an automated trading software system.
Such a system can automatically buy, hold or sell shares at specific time moments according to the set
strategy in order to obtain some profit. The architecture of the system is described together with the
communication, decision making and strategy module.

Keywords: Automated trading, Decision making, Prediction, Financial information exchange.

INPEI'VIEJl HA CUCTEMA 3A ABTOMATHUYHA ThPI'OBUsA

Bennucnaas Hukomnos

Pe3tome: B cratusiTa ce nmpeacTaBsT apXUTEKTypaTa U CTpaTeTHHTE 3a ACHCTBUE B aBTOMATH3HpaHa CUCTEMA
3a THProBUs BbB (puHAHCOBaTa obsacT. TakaBa cucTeMa MOXKe aBTOMAaTHYHO JIa KyITyBa, 3aJbprkKa M Po/IaBa
aKIUM B ONpE/CICHU BPEMEBH MOMEHTH, B 3aBUCHMOCT OT 3aJlajieHaTa CTpaTerusi, ¢ Lell MOCTHraHe Ha
MakcuMaiHa rnevanba. KbMm MomyiiHaTa apXuUTEKTypa Ha CUCTEMara ca ONMKUCaHH KOMYHUKAIUATA, MOIYJINTE
3a B3eMaHE Ha PEIICHHS M CTPATEeTHUTa 3a AeHCTBHUE.

KarouoBu gymm: ABromatuuHa ThproBusi, Biemane Ha pemenus, [Ipornosupane, O0MeH Ha (QuHAHCOBa
nHpOpManusl.

1. Introduction

The automation of the human activities in different fields is increasing too fast today. It also
tends to involve the decision making which naturally leads to using of intelligence computation
software systems. Here an automation of a trading system is described as a software implementation
which together with some modules can realize appropriate trading strategies and prediction of the
market indicators. The system automatically generates orders to buy, sell or hold shares with given
price and quantity at specific time moments according to the parameters and constraints of the
chosen algorithm [2]. In order to do that information from the market and other sources should be
obtained real-time. In this way no human intervention is needed for the system which relies on a
software program which works infinitely. In addition it should allow monitoring of the statistics,
current status and other additional information. Generally the technical design of such a system is
not standardized [1] and the system should also be open for new options.

The technical details of the algorithmic trading system are shown in fig.1.

The communication module connects the trading system with the rest of the world. It receives
information and sends orders about the trades. If the system uses some intelligent approaches of
analysing additional information like corporate data, companies’ announcements, etc. it should be
able to receive that data from certain reliable and authentic data sources. There are some important
requirements about the communication which are as follows.

e High speed connection. The connection of the system should be very fast because the

difference between successful and unsuccessful trade may be a matter of milliseconds.

e Low latency. The data should be obtained straight from the source providing very low

latency.
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e Capacity. The system should allow transfer of a huge amount of incoming and outgoing
messages. If the capacity of the communication does not withstand to the loading then it
could lead to system algorithms frustration.

e Reliability and recoverability. This requirement concerns not only the communication
infrastructure but also the ability of the software to recover after a communication crush.

* buy

* sell

+ quantity

. price Configuration
+ time parameters

Statistics / visualization of
orders data, status, etc.

Order Details Info

Order | !

4

’m/EIVIS Data__| Decision

D TERIP Module

ata : Processing / validation ‘
Real-time

I

1

1

1

| I

| 1

* macro data Orders : Se|f_|eam|ng :
+ corporate

+ announcements TCP/IP : Strategy :

! 1

| 1

| 1

1

|

I

- etc. Real-time Module
market data I
OoMS L .
! i Prediction | Enai
Market U lioiig. oo

OMS/EMS - Order/Execution Management System
Fig. 1. Description (title) of the figure
The most important components of the trading system are described below.

2. Communication

One commonly used approach for data exchange is by using of the Financial Information
eXchange (FIX) protocol. It is an open and free XML protocol for real-time communication using
trade-related messages allowing sending and receiving orders as well as messages processing and
validation. The data exchange is managed by an engine called FIX Engine which controls the
session and application layers of the TCP/IP protocol stack. It also manages the network
connections, creates and parses the information messages and recovers the system when an error
occurs.

3. Decision making module

At the core of the trading system engine works a decision making module. It is responsible for
choosing and processing of assets, order type, price, quantity and time of order execution according
to the configuration parameters. The orders are technically executed by the Order Management
System (OMS) which receives all needed market and corporate data and sends the trading orders.

The module should be designed in a way allowing continuously improvement according to
any additional client-specific requirements. Moreover it should be adaptable, self-learning and
flexible withstanding to the huge range of possible market scenarios. Thus some soft computing
techniques are appropriate to be applied to the decision making module.

4. Strategy module
The strategy module performs the operations required by the strategies chosen by the

Decision Making Module. There are many known strategies that could be used. Some of the most
commonly used are shown below.
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¢ VVolume Weighted Average Price (VWAP). Parameters of this strategy are: start time, end
time, max participation rate, level of aggression. In a given moment if the price is lower than
intra-day VWAP average the corresponding share should be bought, and when the current
price is higher than the average price it should be sold — fig.2. Thus in short term there will
not be loses because the profit range is kept by buying under the average and selling above

the average.

Time Bid price Volume VWAP
9:00 70 200 70.00
9:05 75 150 72.14
9:10 80 250 75.42
9:15 65 200 72.81

9:20 65 100 71.94

85

80

75

70 +

65

60

Good to sell Good to buy

N\ T [\
N f \

Fig.2. The VWAP approach used by the strategy module

e The VWAP is calculated in this strategy as shown in (1).

P; — price of trade |

Qj — quantity of trade j
j — individual trade that

P

_ Zj PJQi
vwap Zij

where Pywgp IS volume weighted average price

—e—Bid price
—a—VWAP

1)

VWAP is often used as a trading benchmark by investors that aim to be as passive as
possible in their execution.
o If current price is below the VWAP benchmark up to the end of the chosen time horizon,

the current bid price is determined as good to buying in, but bad for selling out;
o If current price is above the VWAP benchmark up to the end of the chosen time horizon,

the current bid price is determined as good to selling out but bad for buying in.
Thus there will not be loses in short term as a profit range is kept by buying under the

benchmark and selling above the benchmark (e.g. based on intra-day VWAP).

e Mean reversion could be used similarly to the VWAP: the average price is computed for a
specified period and when the current price is less than the average, the stock is considered
as attractive for purchasing with the expectation that the price will rise, and vice versa, if the
current price is expected to fall and it is good for selling if it is above the average price.

e Time weighted average price (TWAP). Parameters of this strategy are: start time, end time,
max participation rate, level of aggression. This strategy is used to execute orders over a
specific time so to keep the price close to that one which reflects the true market price, i.e.
the objective is to minimize the market impact.

e Implementation shortfall. Parameters here are: start time, end time, reference price,
participation rate aggressiveness, participation rate tolerance, limit price. This strategy is

based on the terms:

o Paper portfolio: represents the ideal case where the transaction costs, commission, etc.
do not happen.
o Actual portfolio: reflects the real markets situation where commissions, etc. are taken

into account.
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o Implementation shortfall = Paper portfolio — Actual portfolio
that is also: theoretical portfolio — implemented portfolio

¢ VVolume participation. Parameters of this strategy are: start time, end time, participation rate

and maximum tolerance from participation rate. The objective is to participate in volume as
it arises. For example if the participation rate is 10% and other market participants
transacted 10000 shares then 1000 shared have to be executed.

Some other commonly used strategies are: Guerilla, Liquidity, Trend Following, Arbitrage,
Mean Reversion, etc. These strategies have some specific parameters: start time, end time, max
participation rate, level of aggression, participation rate tolerance and others.

The strategy module may refer to some specific computational modules [3, 4]. For example,
as it is shown on fig.1, the prediction module is called from the strategy module. These specific
mathematical computations are needed to realize the specific strategy.

The prediction could be performed for:

= Stock prices. The prediction is able to spot trend and patterns more quickly than any human

could

= VVolumes — in case VWAP is used as a benchmark. The daily volume is not known at the

beginning of the day but could be predicted. Some techniques also include principal
component analysis on the volumes beforehand.

The prediction generally includes data pre-processing, solving of matrix equations (in batch
mode or iteratively) and data post-processing. Also because of the self-learning approach some new
strategies may also be added and some of them need to use uni-variate or multi-variate prediction
from the prediction sub-module in the engine.

When prediction is performed some indicators for the prediction quality should be calculated
for preliminary separated test values. Usually additional confidence bounds are used as shown in
grey colour around the predicted values in fig.3 where an example of historical values of a time
series and its prediction for a time horizon of ten future values are shown. Usually the confidence
levels are 95% or 97.5%.

Stock Prices Prediction

Historical values Horizon
> >

A

Fig.3. Example of time series and prediction for a given time horizon

Often only correct moving direction of the prediction is enough because if only 60-65% of the
trades are successfully performed based on the predictions then it could be enough for profit to
happen.

In Fig. 4 one of the most commonly used approach for time series prediction is shown using
the sliding window approach.

There are different mathematical models which work using this approach. The Box-Jenkins
approach, autoregressive methods as well as neural networks are amongst them. The work is
separated in two stages: model identification and prediction. The first one is based on historical
values analysis and the second uses the built model from the first stage in order to generate the
predictions. The model identification is in fact an optimization problem and the prediction is
filtering the input through the model.
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Fig.4. Fitting a mathematical model to historical values and prediction

Another approach for the prediction is performing of fundamental analysis in addition to the
technical analysis.

5. Conclusions and future work

The implementation of the automated trading system is in progress and from scientific point
of view the results of the trading simulations should be analyzed. They should be done without
human intervention for long enough time periods. The results will generally depend on the
strategies set in the system as well as on the properties and behaviour of the traded shares. The
market situation may result in series of data with different variations and thus the different
strategies may be appropriate or inappropriate in a given time moments.
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MPUJIOKEHUE HA PEKYPCUBHU METO/IY 3A OLIEHSIBAHE
HA TTAPAMETPH B CUCTEMA 3A AJJAIITUBHO YIIPABJIEHUE
HA MIOCTOSIHHO TOKOB ABUTATEJI IOCPEJICTBOM
CAMOHACTPOMBAIL CE PET'YJIATOP C MUHUMAJTHA
JUCIEPCHUS

Ngsan B. ['puropos

Pe3iome: AnanTtuBHOTO ympaBiieHHe 00XBalia HA0Op OT METOM, KOUTO OCUTYPSBAT CHCTEMATHYEH ITOAXO/T
32 aBTOMAaTUYHO YIIPaBJICHUE B PEAIHO BpeMe. PeKypcHBHHUTE METOAM 3a OIICHSBAaHE Ha MapaMmeTpu TpsOBa
Jla YIOBJICTBOPSIBAT M3UCKBAHUATA KbM aJIrOPUTMUTE 33 UICHTH(UKAIMS B peasiHO Bpeme. ToBa ce o0yciaBs
oT (hakTa, ye KOpeKOusATa Ha Mozeia Cled IOCThIIBaHE HAa JAHHWTE OT HOBOTO HaOOIEHWE, KaKTO H
M3pabOTBAHETO HA HOBO YIPABIISBAIIO Bh3JCHCTBUE, TPSAOBA Ja CTAHAT 3a €IMH TaKT HAa JUCKpeTH3anus. B
Ta3u CTaTUs € IPENJIOKECHO MPIIKCHWE Ha PEKypCHBHHUTE METOIM 32 OLICHSBAHE Ha IMapaMeTpu B
aJanTHBHA CHCTEMa 3a YIPaBIIEHHWE Ha IMOCTOSHHO TOKOB IBUTATEN TOCPEICTBOM CaMOHACTPOMBAII ce
perynaTrop ¢ MUHIMAJTHA JUCTIEPCHSL.

Kawo4yoBn aymMu: MeToJ Ha Hal-MajKuTe KBaJpaTd, METOJ Ha HWHCTPYMEHTaTHaTa IPOMECHIINBA,
PEKYPCHUBHU METOMHM 3a OICHSBaHE Ha IMapaMeTpH, MOCTOSHHO TOKOB JABUTATElL.

APPLICATION OF RECURSIVE METHODS FOR PARAMETER ESTIMATION IN
ADAPTIVE CONTROL OF DC MOTOR WITH MINIMAL VARIANCE

Ivan V. Grigorov

Abstract: The adaptive control covers a set of methods that provide a systematic approach for automatic
control in real-time. Recursive methods for parameter estimation have to meet the requirements for
identification algorithms in real time. This is determined from the fact that the adjustment of the model after
the submission of new data from monitoring, and the development of new control action should be made in a
single cycle of discretization. In this article is proposed an application of recursive methods for parameter
estimation in adaptive control of DC motor with minimal variance (MV).

Keywords: adaptive system, instrumental variable method, least squares method, recursive methods for
parameter estimation, DC motor

1. YBox

3aIBbJDKUTEIHO YCIIOBHE 3a KOHTPOJI Ha €]lHa CHUCTeMa € pa3OuMpaHeTo Ha JMHAMUYHHTE
XapakTepucTuku Ha oOekta [3]. PekypcuBHHTE MeTOJM 3a OILCHSBAaHE C€ W3IMON3BAT IpH
uaeHTuukanys B peatHo Bpeme. [1o Bpeme Ha paboTaTta Ha 00€KTa 3a€HO C YIPABIEHUETO MOXKE
Jla TMPOJBJDKM YTOYHSIBAHETO Ha Mojeia Ha 0aszara Ha IOJy4yaBaHUTE HOBU JaHHU. ToBa € oT
0c00€HO Ba)KHO 3HAUEHHE, KOraTo XapaKTEepUCTHKHTE Ha 00EKTa ce M3MEHAT BBB BpeMmeTo. Te3u
MIPOMEHU C€ OTYMUTAT B H3TOTBSHETO HA YIPABIABALLIOTO BB3JIEHCTBHE OT Taka HapeyeHUTE
aJlaTUBHU CUCTEMH, YECTO M3MOI3BAaHM B MIPEJaBaHEeTO U 00paboTKaTa Ha CUTHAIIH.

PexypcuBHUTE METOIM Ca HE3aBUCHM MHCTPYMEHT 3a KOHTPOJ B peasiHo Bpeme [1].
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2. PexypcMBHH BepCHH HA METOJa Ha HAali-MaJIKUTe KBA/IPATH 32 OLICHsIBAHE HA NapaMeTpHU
2.1. PexypcuBeH nmpeTteryieH MeTOJ Ha Haii-MaJIKUTe KBaAPaTH

3a /a ce mojy4yaT peKypCHBHHU OIICHKU [0 METOJ/Ia Ha MPETErJICHUTE Haill-MaJIKUTe KBaJpaTu
ce U3M0JI3Ba

D>
Il

N C,. f . ~
N-+1 eN + 1 : TN : (yN+l fr\-lr+19 ) (1)
- fN+1CN fN+1
N+1

A

Cnopen (1) crapara onenka ¢, ce Kopurupa NpornopLUEOHATHO Ha pasnukara Y, . — Y, ., € BEKTOPEH

KOe(UITUEHT Ha MPOTIOPIIHOHATTHOCT

Cyfyu )
—fi.Cyf

N+1 N+1

I’

N+ 1
N+1

Benuuunara yN+1 fN+19 € Ipcacka3zaHaTa CTOMHOCT 3ay, , M34YHCJICHA BH3 OCHOBAa Ha

KOE(MUMEHTHTE OT MPEAULIHATA UTEpauus 0 .

Hsnonzeane na ocmamvyu 6mMecmo epewku Ha npeocKassane
B®B dopmyna (2) yuacTBa rpemikara ot npeyicka3BaHe

N+l yN +1 yN +1 ( ) yN +1 fl\-lr-#léN (3)
3a moBUIIaBaHEe HAa TOYHOCTTA Ha MPEACKa3BaHE BMECTO EN+1 CE M3I0JI3BA OCTAThKA
N +1 yN +1 fN +léN +1 (4)
Ot (2) u (3) cenBa
INa ==~ N+1(HN ) ®)
Axko ot (2) ce onpeenu pa3rKaTa (éw - éN) U ce 3aMecTH B (D), ce moiydaBa
L
N+1
M = 1 Py (6)
W fN+1C fN+1

N+1

CmapmupaHe Ha uzducaumennHama npouedypa

33 nonyanaHe Ha OLICHKHU 10O METOJa Ha HpeTeFJ'IeHI/ITe Hal-MalaKu KBaI[paTI/I ca HCO6XOI[I/IMI/I
QN n CN oT HpeI[I/II_HHI/I HU34YUCIICHUA. CT>6I/IpaT ce N > k Ha6J'IIOI[eHI/IH Hu 110 HepeKprI/IBHI/I}I METOL

A

Ha TIPETETVICHUTE HaW-MajK¥ KBaJpaTh ce Hamupar HadanHu ouenku 6, u C,. Cmexm TtoBa
U34HCIIeHusITa npoabnkasar 1o (1) u (7)

C

N+ =CN -

CN fN+1 fr\T+1CN+1 (7)
1
o fNT+1CN fN+1

N+1

AJNTOPUTBMBT Ha PEKYPCHBHHS IPETETJICH METOJ Ha HaW-MaJIKUTEe KBaJpaTH JICKH B
OCHOBATa Ha pe/ulia APYTU PEKyPCUBHU Tpolieaypu. Tol e clieqHusT:
e Croupar ce N >k HaOmOACHHS W 10 HEPEKYPCHBHHS METO Ha MPETETIICHUTE Hal-MallKu

KBaApaTu C€ HAMUPAT HAYAJITHU OLICHKU ‘9N )41 CN

e HoBuTe onieHku ce n3uucisBar mno gopmyna (1)
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e [IpensuncnsaBa ce marpuniata C, . 1mo 3aBucuMocT (7), 3a J1a ce TOJATOTBHU 3a Clie/BaIara

N+1
I/ITep anust

o C HOBHUTE OLCHKU HN g K CN+1 3aro4sBa ciieaBamiara urepanus OT T. 2 Ha AJIropuTbMa.

2.2. PekypcuBeH 00MKHOBEH MeTO/] HA HAW-MAJIKUTE KBA/IPaTH

PexypcuBHUS METO/I HAa Hal-MaJIKMTE KBaJApaTH MOXKE Jla Ce pasriek/aa KaTo 4acTeH Clydaid
Ha PIIMHMK nipu W =1 . ToBa 03HauaBa BCUUYKH TEIJIA J1a CE IIPUEMAT PaBHU HA €MHHUIIA, KOETO €
BB3MOKHO camMo ako p = 1 Ilopagu TOBa pPEKYpCHBHHAT METOJ Ha Hal-MalKUTE KBaApaTd

(PMHK) moxe nta ce moiyuu, kato B nporeaypara ot T.1.1. ce nmonoxu HaBcsikbpae p = 1[1,3].

3. PeKprHBeH METOd HA HHCTPYMEHTAJIHATA IIPOMEH/IUBA

[Ipouenypara 3a mony4aBaHETO Ha OLEHKM IO PEKYPCUBHHUS METOJ Ha MHCTPYMEHTAaJIHaTa
IIPOMEHJIMBA € I0J00Ha Ha Ta3M [0 PEKYPCUBHHUS METO/ Ha Hali-MaJIKUTE KBaJpaTH.

BuabT Ha HHCTPYMEHTAIHUS BEKTOP Vv, , ce n3bupa ot (8) uu (8')

ViT:[_yi—l _yi—Z"'_yi—n Uiy ui—Z"'ui—m] (8)

Vi =[us U, (8)

ANropuTHbMBT 3a IOJy4aBaHE Ha OLEHKU IO PEKYpCUBHHUS METOJ HAa HWHCTpyMEHTaJHaTa
IIPOMEHJIMBA € CIICIHUAT:

e OueHsiBaHeTo 3anoyBa 1o pexypcuBHus nperersieH MHK. ToBa noBumaBa ycroiiunBocTTa
Ha HavyanHuTe oueHku. Cnen HaTpynBaHe Ha ompeneieH Opoit N >K HaGmoxeHus ce npeMuHaBa
KbM OLIEHSIBAaHE IO PEKYpCHBHUS METOJ Ha MHCTPYMEHTaJHaTa NpoMeHianuBa. OOMKHOBEHO ce
n36upa N ma e paBHO Ha 3 10 5 TbTH OpOs HA KOSPHUIIUEHTHTE.

e Ouenkure Ha koeguuuenTute Ha N +1-BaTa utepanus ce U34uciasaBaT no popmysara

A

A C.v A
0 =0 + NN+ -f 8 (9)
N+ N D+ fl\-lr+1CNVN+1(yN+l N+ N)

e CiieziBamara UTepamus ce HoAroTBs, Kato ce npensdnciu C,, 1o popmynara
T
Cyui = i C, - CNVN# fu..Cy (10)
P P+ FuaCyVia

e I3uncieHusTa 3amo4YBar OT T.2 ¢ HOBHTE OLEHKH. AKO HE ¢ HEOOXOAWMO IMpETEryisHe Ha
HabmroneHusaTa, B (9) u (10) ce nonara p = 1.[1]

4. CucreMa 3a ynpasJjieHHe HA CKOPOCTTA HA MOCTOSIHHO TOKOB JIBUTaTeJ

[IpunokeHneTo Ha TOCTOSHHO TOKOBUTE [BUTATENd € MIMPOKO IO OTHOIICHHWE Ha
aBTOMAaTHKa, POOOTHKA W Pa3IMYHH CHCTEMH 3a yIlpasjicHue. [loaXoismu ca Tam, KBJIETO €
HE00XO0IMMO MPEIU3HO PEeryIupaHe Ha MOMEHT U CKOPOCT, MPHU MOAbPKaHe HA MOMEHT MPU HUCKA
Y HYJIeBa CKOPOCT.

4.1. I1ocTOAHHO TOKOB ABUIaTeJ]

[IpyHIMIHO yCTPONCTBO Ha JBUraTeNU 3a MOCTOSHEH TOK € MOKa3aHo Ha ¢urypa 1, KpaeTro
PM e paGotna mamunaa, BM e Bp30yauTenHa HaMOTKa, a P e porop.
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@ur. 1. [Ipuanunno ycrpoiictso Ha [1T/]

,HI/IHaMI/ILIHI/ITe CBOMCTBA Ha ITOCTOSHHO TOKOBHUS U JABHUIaTCII Ca OIIMCaHU ChbC CUCTEMATA (11),

u, =R, (T,p+Di, +cdw

M, =cdi,
M, -M, = Jpw
IpeJCcTaBeHa upe3 CTpyKTypHara cxema (purypa 2).
. M
Ug 1/Rq ia M, ¢ 1
> > > cd —_—
Tap +1 Jp
€
c® [«

®@ur. 2. CtpykrypHa cxema Ha [IT]]

4.2. YnpaBjieHHe HA CKOPOCTTA HA MOCTOSTHHO TOKOB JIBUIaTeJI MOCPEACTBOM

HIHPOYHHHO-UMITYJICEH NMpeodpa3yBaTet

(11)

CpBpeMEHHHUTE CUCTEMH 32 YIPaBJICHHUE HA IOCTOSIHHO TOKOBU JBUIATENM Ca C IIMPOYUHHU
UMIIYJICHU IIpeoOpa3oBaTeln, Thil KaTo ce XapakTepu3upar ¢ no-100pu eHepreTUUHU IoKa3aTelu 1
MIO-MaJIK{ MyJICAllMU Ha TOKAa U CKOPOCTTA, KOETO OT CBOSI CTPAaHa BOJM /10 HaMassiBaHE Ha 3aryouTe
U pa3IIMpsIBaHE HA JUana3oHa Ha PEryJIupaHe.

Ha GnokoBata cxema Ha ¢urypa 3 e npencraBeHa npunnumnaa 610k cxema Ha [IUTI-TIT/ ,
kpaero. 'HT- renepatop Ha TpuoHooOpazHo HampexeHue, K — xommaparop, BB3 — 0ok 3a
BpeMesaapbxka, U — popmupoBaren Ha ummyncure, HU — neynpasnsem uznpasuten, CTK —
CUJIOB TPAH3UCTOPEH KOMYTATOP, /| — MOCTOSHHO TOKOB ABUTATEIL.
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®@ur. 3. [Ipuanumnaa 6ok cxema Ha [TIATI-ITT /]
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4.3. AfanTHBHA CHCTEMA ChC CAMOHACTPOIBAIIL Ce peryJjaTop

CaMOHAcCTpOMBALIUAT CE€ PEeryyiaTop HU3IMO0J3Ba KOMOMHALMS OT NpOIEC 3a PEeKypCHUBHA
unaeHtudukanus Ha 0azata Ha u30paH Mpolec HA MOJeNa U CHHTE3 Ha peryjaropa Ha 0a3aTta Ha
OLICHEHUTE NIapaMeTpH Ha YIpaBJisiBaHMs Hpoliec. biIok cxeMa Ha caMOHAaCTPOMBALL| CE PEryIaTop €
nokasana Ha ¢urypa 4. CaMOHACTpOIBaIIMs CE€ PETryaTop € eUH OT METOJIUTE 3a yIpaBlIeHUE Mpu
KOHTO € IMOCTUTHAT 3HAUYUTEJIEH HAapPEeIbK Npe3 NOCIeAHUTE TOAUHU. MMa Tpu OCHOBHHU elleMeHTa
(dburypa 4). ITbpBUAT NpenCcTaBs KiacHYecka CHCTEMa ChC 0OpaTHa Bph3Ka. BTOpUAT OChIecTBABA
uACHTU(UKAIMS Ha TIpolieca. TpeTHsT peanu3nupa alrOpuThMa 3a HaCTOHKM Ha TapaMeTpUTe Ha

————— — — — - — —— — —

HacTpoMKa

|

OueHaeaHe Ha |
napamertpu |
o

|
!
| Anroputem 2a
I
|
|

r(t e(t y(t
() { )b Perynatop = Obekr ) >

¥

@ur. 4. briok cxeMa Ha cCaMOHACTPOHBAII C€ PETyIaTop

perynatopa Ha 0a3aTra Ha OLIEHEHHUTE MapaMeTpu Ha mpoleca. Ta3u OJIOKOBa cxeMa MOXeE Jia ce
H310JI3Ba KAaKTO B CTAaOUMOHApPHHU CHUCTEMHM C HCU3BCCTHU IMapaMCTpU, TakKa U B CHCTCMU C
IIPOMEHJIMBY NapaMeTpH. 3a LEJIUTE Ha TOBA M3CJIEIBAHE CE M3II0I3BA JUPEKTEH CaMOHACTPOMBAILL
ce perynarop ¢ MuHuManHa Bapuauus (MV).

4.4. CuHTe3 HA a1aNITUBHA CUCTEMA 32 yIpaBJjieHHe NMOCPeACTBOM CaMOHACTPOIBAIII ce
peryJjiaTop ¢ MUHMMAJIHA JUCIIePCHust

KomOunammsita OT METO/l Ha OLICHSIBAHE W 3aKOH 3a PETYIMpPaHEe ¢ MUHUMAJHA JAUCTIEPCHS
BOJIM JI0 CJIEAHUS aJITOPUTHM.

4.4.1. AnroputbM-1. SIBeH camoHacTpoiiBall ce peryjaTop ¢ MUHHMAJIHA JHCIepPCcHs

e Ha Ga3ara Ha I/IH(i)OpMaI_II/I}I 3a BX0Ja 1 U3xoJa Ha obekra KbM K -THs MOMCHT, 4Yp€3 CAUH OT
OIMMCAHUTE METOAM 3a OLCHKAa Ha MNapaMeTpu, C€ OINpCACIAT OLCHKHUTC Ha MNapaMETpUTC

8 (k)b (k) € (k).
e ChIIIaCHO NpPHUHIIMIIA Ha HEChbMHEHAaTa EKBUBAJIEHTHOCT, OLEHKUTE C€ IpHeMar 3a
. . -1 -1
NEHUCTBUTENTHUTE CTOMHOCTH Ha mapaMerpure. OnpenensT ce NoIMHOMUTE E(Z ) u F (Z ) 4pe3

petaBaneTo Ha J[noaHTOBOTO ypaBHECHHE.
C(z*1)=A(zfl)E(zfl)+z*dF(zfl) (12)
e 3. Onpesiensr ce koepuuenTure Ha nonuaoma G (Zfl) =E (Z’l) B (Z’l) .

e 4. Tlo popmymna (13)
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1
u(k)=——T[ fy(K)+ fy(k=1)+...+ f_y(k-n+1
()=~ Ly(k)+ Ly (k- ooty (k1) "

+gu(k—1)+gu(k—2)+...+ gp.gu(k—m—-d+1)]
ce ompeens ynpaBieHueTo U (k) , cret Koeto K ce yBenwuaBa M allrOpuThMa ce IOBTaps OT T.1.

4.4.2. AnroputbM-2. HesiBeH caMOHACTPOMBAIIL ce PEryJIaTop ¢ MUHUMAJIHA TUCIIePCUst
e Ha Ga3ara Ha nH(pOpMaIMs 3a BXOa U H3X0/1a Ha 00eKkTa KbM K -Thsi MOMEHT, upe3 RLS, ce

onpenemsr ouenxute Ha f (k) u g; (k) na mommomure F (Z_l) u G (Z_l).
e [Tonyuennte ouenku ce 3amectsar B (13) u ce onpenens ynpasnennero U(K)

e Ciieq mony4yaBaHe Ha HOBa MH(opMmanus K ce yBenndaBa v airOpUTHMA Ce€ TIOBTaps OT T.1.
5. EkcniepuMeHTaIHH M3CJIeIBAHUS U Pe3yJITaTH

N3cnenBanusita TyK ce OTHACAT JO0 pabOTOCIOCOOHOCTTA, BH3MOXHOCTHTE M HAJEKIHOCTTA
Ha ONKMCAHUTE BE€YEe PEKYPCHUBHU METOJM 3a OLICHSBAHE Ha NapaMeTpH B aJalTHUBHO YIPABICHUE HA
I[ITH B peasno Bpeme. 3a 1eiTa Ha H3CICABAHETO € TEHEPUPAH CIIy4acH BXOJEH CHUTHA,
cUMyJiMpan] 3allyMmsiBaHe, ¢ nomMomra Ha mnporpamHata cpena MATLAB. U3cnenBanusita ca
HarpaBeHu ¢ u3nonsBaneTo Ha System ldentification Toolbox B Matlab\Simulink. 3a Ta3u nen ca
HampaBeHH OJIOKOBE 3a PEKYPCHUBHO OIICHSIBaHE Ha MapaMeTpH B PEAIHO BpEMe KaKTO CJIe/iBa: SBEH
caMOHAacCTpoOMBalll ce peryiarop ¢ MuHuMmanHa gucnepcuss (MV1), HesBeH camoHacTpoiiBall ce
perynarop ¢ MuHUManHa aucrnepcus (MV2); u 610K0Be 3a peKypCUBHO OICHSIBAaHE Ha MapaMeTpH B
peasHO BpeMe KaKTO CJe/Ba: peKypCUBEH MeToj Hail-mankute kBajapaTtu (RLS), pexypcuBHu Haii-
MAaJIKUTE KBaJpaTu ¢ OTYMTAHE HA OCTATHIMTE BMECTO rpeinkara Ha orensBane (RLSr).

M —» In Out
Random Noise
Noise Filter D
Noise Qutput
241V | — Y % Output-w
0:1(%) PWM P Control w I:I
Ua P Ua J
DC Motor w-real
Ua Vdc to PWM
‘ 1
A |Limits Control Signal
L u(k) u_in(k)
L D Yk
ID Adaptive controller

@ur. 5. bnok cxema B Simulink Ha cuctema 3a ynpasnenue Ha I[1T]] cbc camonacTpoiiBa ce perynaTop ¢
MUHHUMAJIHA IUCTIEPCHUs

@ P u_in(k) y(k+1) N P In Qut
( >y o in.) | Contorller Design @

ID params
Recursive
Identification ‘ ‘ ‘ a—’ In Out —p@
J e— uk

wik) Controller

®@ur. 6. briok cxema B Simulink Ha cucTemMa ¢hC caMOHACTPOMBALI CE PEryJIaTOp ¢ MUHUMATHA JUCTICPCHSI
npeacrassiia nojacucremara “Adaptive controller”
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Time

®ur. 8. Cxopoct Ha IIT/] c MV1 +RLS(b) u MV1 +RLSr(r) 3a @=10,1567rad / s

Ha ¢urypa 7 u durypa 8 ca mpencrasenu ckopocrra Ha IIT/] mpu cucrema 3a aganTUBHO
ynpasienue Ha [IT/] mocpencTBoM sIBEH cCaMOHACTPOMBAILL C€ PETYIATOP ¢ MUHUMAJIHA JUCIIEPCHS,
KaTo ca Wu3Noi3BaHM no-rope omnucanute Meromn RLS m RLSr npu 3amagena ckopoct

w=152,35rad / s, ®=10,1567rad / s.

160 —

L /\/"
120 {—
100 {—

®ur. 9. Cxopoct Ha I[1TJ] ¢ MV2 +RLS(b) u MV2 +RLSr(r) 3a @=152,35rad / s

KOMHIOTT»pHI/I HAaYKHU U TCXHOJIOTHU
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®ur. 10. Cxopoct Ha IITJ] ¢ MV2 +RLS(b) u MV2 +RLSr(r) 3a @=10,1567rad / s

Ha ¢urypa 9 u durypa 10 ca npeacraBenu ckopoctra Ha [IT/] npu cucrema 3a aganTUBHO
ynpasienue Ha IITJ[ mocpencTBoM HESBEH CaMOHACTPOMBALl CE€ PErysiarop CbC MHUHUMAaIHA
JUCIIEPCHsl KaTo ca U3MO0JI3BaHU no-rope onucanute Mmeroan RLS u RLSr npu 3amanena ckopoct
w=152,35rad /s, @w=10,1567rad / s.

6. AHaJIM3 ¥ U3BOAM

Pesynrarure oT cuMynanuuTe NOTBBPKIABaT Bb3MOKHOCTTA 3a NMPUIIOKEHUE HA OIMCAHUTE
PEKYPCUBHH METOIM 3a OLIEHKAa Ha mapaMmerpure B axantuBHO ynpasineHue Ha [IT/[. Kakto moxe
Jla c€ BUJU OT PE3yIATaTUTE IPU HUCKHU CKOPOCTHU CE ChAbPKAT HAW-TOJIEMU Pa3IUuKU OT 3a/1aJceHaTa
cToiiHOCT. KakTo Bede € M3BEeCTHO, METOABT HAa PEKYypCHUBHATA MHCTPYMEHTAJHA IPOMEHIIMBA
M3KCKBA BTOPH LIYMOB CHUTHAJ 3a U3XOJa Ha Ipoleca 3a No-J00py OLEHKH, HO TOBA BIIMsIE BbPXY
Ka4eCTBOTO Ha ympasieHuero. OmMcaHWTe METOAW 3a OIEHKA Ha IapaMeTpuTe MoraT ga Obiat
MoOIUGUIMPaHH 33 TO-7100pa MPOU3BOAUTEIHOCT U KaueCTBO Ha MPOLECUTE B JPYrd aJalTUBHU
CHCTEMH 3a YIpaBJeHUE B peanHo BpeMe. [Ipu n3bupane Ha pa3avMyHU Terja MoraT Aa ce IMojydar
pa3IUYHU pOOACTHU OLIEHKH, KOUTO MOTI'aT J1a ObJaT HEUyBCTBUTENIHHU Ha 1IyM. ToBa 11e 0b/1e 00eKT
Ha MO0-HaTaThIIHO Npoy4dBaHe. PaKTHT, 4€ BbB HESBHUSA aJITOPUTBM € CIIECTEHO PEIIAaBAHETO HA
J1opaHTOBOTO ypaBHEHHME, KOETO BOJM JO IMO-TOJsIMO Obp30AEHCTBHE OT CTpaHa Ha
M34MCINTEIHATA TEXHUKA, IPABU AJITOPUTHMA MTO-TIPHIIOKUM IPAKTUYECKHU.

BJIATOJAPHOCTH
Hayunure n3cnenBanusi, pe3yiTaTUTEe OT KOUTO ca MPEACTaBEHH B HACTOsALIATa MyOIMKalus,
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DEVELOPMENT OF MATLAB FUNCTION FOR SELECTIOON
OF SUITABLE WAVELET FOR SIGNAL FILTRATION

Reneta D. Parvanova, Mariyana G.Todorova, Stefan L. Stefanov

Abstract. In this paper a Matlab function for selection of suitable wavelet func-tions for filtration of signals
is developed. The choice of the wavelet is performed based on a quantitative assessment of the effectiveness
of filtration. Different signals and a big number families of wavelet functions to test the m-function are used.

Keywords: filtration, Matlab function, noisy signals, wavelet functions.

PAZPABOTBAHE HA MATJIAB ®YHKIUA 3A CEJIEKIUSA HA ITIOAXO AL
YEMUBJIET 3A ®UJITPAIIAA HA CUTHAJIA

Penera /1. [IspBanoBa, Mapusiaa I'. Togoposa, Credan JI. Credanos

Pe3iome: B cratmsra e paszpaborena gpynkuus B MaTmal 3a n300p Ha MOAXOASIIN YeHBIET (YHKIHU 3a
¢untpupane Ha curHanu. M300pbT Ha yeHBIET ce M3BBPIIBAa Bb3 OCHOBA Ha KOJMYECTBEHA OLICHKA Ha
eeKTUBHOCTTA Ha QHITpaysATa. 3a TeCTBaHE Ha M-(YHKIMATA ca M3IOJI3BAHH PA3IIMYHN CUTHAIH U TOJISIM
Opoii cemeiicTBa yelBieT GyHKIIHU.

KarouoBu nymu: punrpanus, Marnabd ¢yHKIUM, 3a1IyMEHH CUTHAIH, YeUBIET (QYHKIUU

1. Introduction

Wavelets are powerful tool for analyzing digital signals. They are simply mathematical
functions exhibiting oscillatory behavior. A wavelet function, known as a "mother wavelet"”, gives
rise to a family of wavelets that are translated and dilated versions of the original mother wavelet.
Unlike sinusoidal functions, where the oscillation dominates the entire signal, wavelets show only
localized oscillation [1], [4].

Wavelet analysis provides a flexible technique for signal processing in comparison to
conventional Fourier analysis. Wavelets have advantages over traditional methods in analyzing
physical situations where the signal contains discontinuities and sharp spikes [3].

Wavelets have an important application for removing noise from a variety of signals
(denoising). Signals do not exist without noise, which may be negligible under certain conditions.
However, there are many cases in which the noise corrupts the signals in a significant manner, and
it must be removed from the data in order to proceed with further data analysis. There is a wide
range of applications in which denoising is important - data mining, medical image analysis, radio
astronomy, etc. Each application has its special requirements [2], [6], [7].

In this paper Matlab function for selection of suitable wavelet function for signal filtration is
developed. Seven families of wavelets that have proven to be especially useful are included. There
is a choice between Haar, Daubechies, Symlets, Coiflets, Biorthogonal, Reverse Biorthogonal and
Discrete Meyer wavelets. The effectiveness of filtration is evaluated and the results are compared.
The criteria used are the relative error E and the coefficient of noise reduction CNR.

1)
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where:

y(t) - original signal,

y,(t) - deteriorated signal;
Y(t) - filtered signal,

2. Development of m-function for selection of suitable wavelet for signal filtration

A m-function Filtsig for the purpose of filtering of deteriorated signals and selection of

suitable wavelet is developed. The description of the function is given below.
Input argument: original (non-filtered) signal
Output arguments: filtered signal, relative error (E), coefficient of noise reduction (CNR).
Base steps of the algorithm:

Step 1. Loading the signal which will be filtered.

Step 2. Applying user defined level of noise to the signal.

Step 3. Choosing a wavelet which will be used for filtering.

Step 4. Choosing the wavelet level (if necessary).

Step 5. Turning the wavelet name into a word.

Step 6. Filtering the signal using the chosen wavelet.

Step 7. Plotting the noised and filtered signals.

Step 8. Calculating the relative error and noise reduction coefficient.

In Step 1 the desired signal can be entered by the user or an original signal can be generated.

In Step 2 if the user wants, the signal can be noise with white Gauss noise at a chosen
noise/signal ratio. This is done by the user by entering the ratio in percentages. That choice is used
in a formula which allows for achieving the desired result by using normally distributed
pseudorandom numbers. For a visual comparison of the noised and original signals the two are
plotted together.

In Step 3 a wavelet for filtering the noised signal is chosen. There is a choice between 7
wavelet families.

If necessary, in Step 4 a wavelet level is chosen.

In Step 5 the word which will combine the name of the wavelet and its level (if any) is
shaped. The word is saved as a string in the variable wavname. If the wavelet has a level, the user
enters it after which the number is converted to a string using the function int2str and then gets
added to its place in the word.

After the variable wavname is shaped filtering the signal in Step 6 with the function wden
starts. It has 6 input arguments — the signal which will be filtered, the threshold selection rule, soft
or hard thresholding selection, the threshold rescaling, the level at which wavelet decomposition is
performed and the name of the desired orthogonal wavelet.

In Step 7, after setting up parameters, the filtered and noised signals are plotted together for a
graphic presentation of the filter quality.

After this in Step 8 the relative error of filtering E and the noise reduction coefficient CNR are
calculated. For grading the results the following rule is in order — the error should be as low as
possible while the noise reduction coefficient should be as high as possible.
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Plotting the signal
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Grading the filtering results

Fig. 12. Algorithm flowchart

3. Experimental research

Filtering of an oscillatory signal, defined by the coefficients of the numerator and
denominator of the Laplace image, is done for testing the reliability of the developed m-function
Filtsig. After that Gaussian white noise is applied to the signal at a 5% noise/signal ratio. Filtering
is done with all of the seven types of wavelet families. Some of the results are shown below.

After conducting experiments with wavelets at a level of 4 the following results are achieved.

T T T

L 1 1 |
E] ] C ] 00

Fig. 13. Original signal
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The best filtering is obtained by using Discrete Meyer wavelet. The smallest relative error
E=1.074% and biggest coefficient of noise reduction CNR=5.1536 in this case are obtained. The
deteriorated and filtered signals are shown on Fig. 3.

T T

Fig. 14. Deteriorated and filtered signals (by Discrete Meyer wavelet)

The worst filtering is obtained by using Haar wavelet. The biggest relative error E=2.0052%
and smallest coefficient of noise reduction CNR=0.3636 are obtained. Fig. 4 shows the deteriorated
and filtered (by Haar wavelet) signals.

Fig. 15. Deteriorated and filtered signals (by Haar wavelet)
Conclusions

M-function for selection of suitable wavelet on the basis of quantitative assessment of the

effectiveness of filtration is presented in this paper. The developed function is tested by filtering of

an oscillatory signal, deteriorated by Gaussian white noise with 5% noise/signal ratio. Seven types

of wavelet families are examined. The obtained results of the relative error and coefficient of noise
reduction are compared and the suitable wavelet is selected.
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PASPABOTBAHE HA GUI B MATLAB 3A U3CJIEABAHE HA
JANHAMUAYHHUTE 1 YECTOTHH XAPAKTEPUCTHKH HA
NAEAJIHU IMHEUHU PET'YJIATOPU

Mapuena . Anekcanaposa

Pe3rome: Llenta Ha Hacrosimata pabora € pazpaboTBaHe Ha rpaduueH morpedutencku uHTepdeiic GUI
(Graphical User Interface) 8 cpena MATLAB 3a mony4yaBaHe W U3ClieIBaHe HA TUHAMHYHUTE W YSCTOTHUTE
XapaKTepUCTUKU Ha WCATHU JIMHEWHU perynatopu. ['paduanusat uaTepdeiic me mo3BossiBa n300p Ha 3aKOH
3a peryjmpaHe, KaTto Cliell BbBEXKIAHE Ha CTOMHOCTH HAa HACTPOCYHHTE IMapaMeTpH IIe ce H34YepTaBatr
npexonHata (QYHKIMS W/WIK JIOTApUTMHYHUTE aMIuiuTynHo-dyectotHa (JIAUX) u  ¢a3oBo-uecToTHa
xapakrepuctuku (JIOUX) Ha n3dbpanus perymnarop.

KuarouoBu aymu: rpaduuen norpedburencku uarepdeiic (GUI), npexonna dyukius, JTAUX, JIOYX, 3akon
3a peryJmupaHe, UIeaaHu JMHSHHU PeryiaTopu

Development of MATLAB GUI for Investigation of Step and Frequency Responses of Ideal
Linear Controllers

Mariela 1. Alexandrova

Abstract: The aim of this paper is development of GUI (Graphical User Interface) in MATLAB for
investigation of the step responses and logarithmic frequency responses (magnitude and phase) of ideal
linear controllers. The developed GUI allows for choice of control strategy as well as setting of control
strategy parameters in order the step response and the logarithmic frequency responses of control strategy
chosen to be obtained.

Keywords: Graphical User Interface (GUI), step response, logarithmic frequency response, control strategy,
ideal linear controller

1. BbBeaenue

ABTOMaTHYHUAT PEryjiaTop € OCHOBEH I'PAaJMBEH €JIEMEHT Ha BCAKa aBTOMAaTHMYHA CHCTEMa
(Bwx ¢urypa 1). HeroBoto (yHKIMOHAIHO MpelHA3HAYCHHE ¢ Ja H3pabOTH YIPaBJsIBaIlo
BB3JICHCTBUE, Upe3 KOETO C€ Peryaupa JajeHa TeXHOJIOTMYHa BEJIMYMHA (TemIepaTypa, HalsraHe,
HUBO U JIp.).

B 3aBucumocT oT pyHKIMATA, C KOATO CE OMUCBAT 3aKOHUTE 3a PETYJIUPAHE, PETYIaTOPUTE Ce
pa3fensaT Ha IMHEHHU 1 HemuHeHHu. Perynaropute, mpy KOUTO alrOpUTHMBT Ha IpeoOpazyBaHe Ha
rpenikaTa 3a u3paboTBaHe Ha YNPAaBIISABAILO Bb3/IEHCTBUE € ChCTAaBEH CaMO OT JIMHEHHHU onepalun
(cymHpaHe, yMHO)KEHUE C MOCTOSTHEH KOe(UIMEHT, MHTerpupaHe U JudepeHupaHe) ca JIMHEHHN
perynaropu. Te ca moiayymnu Hall-IIMPOKO MPHIIOKEHHUE B MPAaKTHKaTa, 3aTOBa C€ MpUEMAT Karo
OCHOBHM DETyJaTOpH U Ce HapHuaT olle cTaHAapTHU. B oOmus cimywail, npu u3paboTBaHETO Ha
YIPaBISBALIOTO BB3JACHCTBUE OT TE€3U PETyIaTOpH, Ipelikara ce o0paboTBa 4pe3 YMHOMKEHHUE C
KOC(UIMEHT, UHTEerpUpaHe U aAudepeHuupane. 3aToBa B YIPaBIsABaIOTO Bb3JEHCTBHE MOrar Ja
CHILIECTBYBAaT TPU KOMIIOHEHTH — IPONOpPLMHANIHA, UHTErpajdHa U JudepeHuuanHa. B yactHuTe
cllyya HAKOH OT HAYMHHUTE Ha 00pabOTKa MOXe J]a OTChCTBA, & OT TaM U ChOTBETHATa KOMIIOHEHTA.
JluHeiHUTE pEeryJaTopu HOCST Ha3BaHUS B CHOTBETCTBHE C 00paldoTKaTa, KOSATO W3BBPLIBAT —
nponopruonaineH (I1), uaterpanen (1), nudepennnanen (1), mponoprmonanHo-unterpaiex (I1H1),
nponopuuoHainHo — audepennuanet (I1/1), nponopunonanHo-uaTerpanno-audepennuaien (IAJT).
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B cnywanTe, xoraro omepanmuuTe CyMHpaHe, WHTETpUpaHe, NU(EpeHIUpaHe U YMHOXKCHHE C
MOCTOSTHEH KOS(DUIIMEHT Ce M3BBPIIBAT TOYHO, PETYJIaTOPHUTE Cce IpreMar 3a uneanuu [1,2,3,4].

2. Aneannu TUHEHN peryJjaTopu

OOHMKHOBEHO pEeryiaTopuTe ce U3rpa)xaar Clope] CTpyKTypara, nokasaHa Ha ¢urypa 1. [Ipu
TIIOCTOSIHHO 33/1aBaIll0 BB3JCHCTBHE (Vi,,(t) = const), ypaBHEHHETO, KOETO OTpa3sBa BPb3KaTa
MEXly BXOJHATa MPOMEHIIMBA Ha perynaropa (rpeiikara Ha perymupane e(t)) u u3xomHara My
npoMeHIMBa (YIpaBIsBaIoOTo Bh3jeiicTBrie U(t), KOETO ce MoaBa KbM BXOJ1a Ha 00€KTa), € CTPOro
crenu(pUYHO 32 Pa3IMYHUTE 3aKOHU 32 PETyJIUpaHe.

Aemomamuyen pecyramop

u(t)‘

uy

@ur. 1. dyHKIMOHAIHA CXeMa Ha CUCTEMa 32 aBTOMATUYHO YIIPaBJICHUE

Vpasuenuero u(t) = fle(t)] =f [y3aa(t) — y(t)], C KOETO ce omucBa (yHKIMOHAIHATA
3aBMCMMOCT Ha YIIPaBIABAIIOTO Bb3zeiicTBue U(t) or rpemkara e(t) nIpu eHOMEPHU CHCTEMH W
eIMHNYHA OTpuIlaTeaHa oopaTHa Bpb3ka (OOB), ce Hapuua 3akoH 3a perynaupane [1,4].

HO3HaBaHeTO Ha IUHAMHUYHUTC U YCCTOTHHU XapaKTepI/ICTI/IKI/I Ha THUIIOBUTC JII/IHGﬁHH 3aKOHHN
3a peryiaupaHe € OT CBIIECTBEHO 3HAYEHHE IPU TEXHHA M300p C Il CHHTE3 HA CHUCTEMMTE 3a
ABTOMATHU4YHO peryﬂI/IpaHe Ha OCHOBHHUTC TCXHOJIOTNYHHU HapaMeTpI/I.

2.1. Tponopunonaiex (IT) 3axkoH 3a peryjupane

VYpaBHEHHETO, KOETO OTpa3siBa Bpb3KaTa MEXAy BXOJIHATa W HM3XOJHATa NMPOMEHIIMBA Ha
IPONOPIMOHATHUS perynatop (¢purypa 1), uma Buja:

u(t) = kp [y3a,q - y(t)] = kpe(t)v (1)

KBJIETO K, C€ HapHuya KOSPUIMEHT Ha NpejaBaHe (IIPOMOPLIMOHATHOCT) Ha PETYJIaTOpa.

CrnenoBarenHo, MpH HPONOPLMOHAIHMS PEryaaTop pPEryaupaiioTo Bb3ACHCTBUE €
NPONOPIMOHATHO Ha Tpelikara Ha perynupaHe. llpexomHata ¢QyHKIMS Ha peryinaTopa u
JIOTapUTMUYHUTE My aminuTynHo-uectoTHa (JIAUX) u dazoBo-uectorHa (JIOUX) xapakrepucTuku
ca MoKa3aHH Ha ¢urypa 2.

u(t)=k,E
‘lLP
u=k,E P
201
e()=E.1(1) o, ®,
a) 0) B)

@ur. 2. [Ipexogna ¢pynkuus (a), JIAUX (6) u JIOUX (B) na I1-perynarop
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2.2. Murterpajien (M) 3axoH 3a peryjiupaHe

Perynupaioro Bw3zeiictue u(t), koero uspaborsa M-perynaropa, € mpoOrMOpPHHOHATIHO Ha
MHTErpaja OT Tpeinkara Ha perynupane e(t), T.e. BbB opmupanero Ha u(t) B JaJicH MOMEHT Ce
OoTYdTa TIpemKara OT BCHUYKM NPEIXOOHM MOMEHTHM OT CTapTUpPAaHETO Ha Ipoueca.
JuepeHnnanHoTo ypaBHEHHE, ¢ KOETO Ce ONUCBA IPeo0pa3yBaHETO Ha IPELIKaTa Ha peryalupaHe B
YIPABIIABALIO BBACHCTBUE €:

u(t) = Tiufote(r)dr, (2)

KpaeTo T, ce Hapuya BPEMEKOHCTaHTa Ha uHTerpupane. [lociennHara mma IuMeEHCUst BpeMe U
IIPEJCTaBIsABA BPEMETO, HEOOXOIMMO Ha perynaropa Ja u3padoTH Ha M3X0Ja CH BEJIUYMHA paBHA
10 CTOMHOCT Ha BXxoaHata. [Ipexonnata ¢pynkuus, JIAUX u JIOUX na U-perynatopa ca nokasanu
Ha ¢durypa 3.

A

u

L, 0
-20dB/dec P

e()=E.1(1) w,=1/7, 0 g
At=T r NO

a) 6) B)
@ur. 3. [Ipexoana ¢pynkuus (a), IAUX (6) u JIOUX (B) na U-perynarop

2.3. lIponopuuonanno-unterpasien (IIN) 3axon 3a pery;upane

YpaBHEHHETO, C KOETO CE€ ONKCBA U3XOJHATa BEJIMYMHA HA MPONOPLHMOHAIHO-UHTETPAIHUS
peryinarop, €:

u(t) = ky [e(t) + Tl 5 e(r)dr], 3)

KBJETO k), € KOeQUIMEHT Ha NpenaBane, a T, - BDEMEKOHCTaHTa HA WHTETPHPAHE U Ca OCHOBHU
napaMeTpu 3a HacTpoiika Ha perynatopa. Perymmpamoro Bb3aelcTBue, uspaborBaHo ot [IM-
peryiaropa, € cymMa OT JB€ CBCTABKM: IPONOPLMOHAJHA Ha TIpeUIKaTa Ha pEryjaupaHe u
IPONOpIMOHATHA Ha MHTEerpana oT Ta3u rpeuika. [Ipexoanara my gynkuus, JIAUX n JIQUX ca
MOKa3aHu Ha purypa 4.

4 Lﬂ
-20dB/dec 0
u=2u, : —m/4
! o=1/T. 201gk,
* w > —1/2
a) 0) B)

®ur 4. [Ipexonna ynknus (a), JTAUX (6) u JIOUX (8) Ha [IU-perynaTop
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2.4. llponopuuoHaano-uHTerpajHo-audepenuuanen (IIN/1) 3akoun 3a peryaupane

VpaBHEHHETO, ¢ KOETO CE ONWCBA 3aBHCHMOCTTa Ha u3xomHus curHan u(t) wa ITAJI-
peryiaropa ot rpeuikara Ha peryiaupane e(t), e:

u(t) = ky [e(®) + 3 [y e(®dt + 7,22 (@)

KBIETO Kk, € KOepUUMEHT Ha npenaBaHe, T, € BPEMEKOHCTAaHTa Ha HHTerpupane, a T, -
BPEMEKOHCTaHTa Ha audepeHnupane. Perymupamoro Bb3AeicTBue, u3padorBano ot [1A]]-
peryiaTopa, € cyma OT TPH CbCTaBKHU: MIPONOPLUUOHAIHA HA TPEIIKaTa Ha peryjiipaHe, Ha HHTerpaia
OT Ta3u Tpellka W Ha mbpBara ¥ npousBoaHa. llpexomnara my ¢ynkmus, JIAUX u JIOUYX ca
MoKa3aHu Ha ¢urypa 5.

L o,
_20dB/dec  +20dB/dec Y i T“e OV, 0
\/ R _______________ —
0=T, ngk’ 0, 0=1/T, ©, —t/2 - ........... N
a) 6) 0

@ur. 5. [Ipexoana ¢pynknus (a), TAUX (6) u JIOUX (B) na [11/]-perynarop

3. I[locranoBKka Ha 3a7a4aTa

[TonmyyaBaHeTo U U3CIEIBaHETO HA AUHAMUYHUTE U YECTOTHU XapaKTEPUCTUKU Ha UJICATHUTE
JIMHEIHU perynaTopyu MOXe Jla ce U3BbPIIHU ¢ u3non3BaHe Ha nporpamed npoaykt MATLAB. Egna
OT BB3MOXKHOCTUTE € Ch3JaBaHe Ha M-QyHKUUs, B KosATO upe3 (ynkiuute Step(.) u bode(.) na ce
nosiydaBar npexonHara gynkuus u JIAUX u JIOUX.

Jlpyra BB3MOXHOCT € M3rpakaaHeTo Ha rpaduueH notpebdurtencku unrepdeiic (Graphical
User Interface) B cpemata Ha MATLAB [5,6]. GUI Ha majeHo mpuiioeHHe MPEACTaBsABa €IHH
WIM HSAKOJIKO TpaduyHM mpo3opera, BbPXY KOMTO Ca pa3IOJIOKEHHM IOJIeTa 32 BBbBEXIAHE Ha
JaHHUW, TaJalld MEHI0Ta, KOOPJMHATHU OCH 3a M3BEeXIaHe Ha rpaduku u ap. B mpomeca Ha
cbh3/1aBaHe Ha rpaguuHus UHTep(deiic I'bBKABO U JIECHO MOraT Jia ce J100aBAT HOBH €JIEMEHTH WU
na ce mMoamduuupar Bede J00ABEHU CIIOpe] HYKIUTE HAa KOHKpPETHATa 3a/Java, Ja ce TecTBa
TAXHaTa paboTa U T.H.

B mHactosmara paborta ce menu paspadorBane Ha GUI, upe3 koito ma ce ocurypu
BB3MOKHOCT 3a M300p Ha 3aKOH 3a peryiupaHe, 3a BbBEXKAaHEe Ha TapaMeTpuTe B N30paHus 3aKOH U
nojTyyaBaHe Ha TpexogHata (YHKIWS W/WIM JIOTApUTMHYHUTE YECTOTHU XapaKTEPUCTHKH Ha
n30paHust 3aKOH.

4. PazpadorBane Ha GU| "U3c/ienBaHe Ha AMHAMUYHHUTE U YeCTOTHH XapaKTEPUCTHKHU HA
UJ1eaJIHu peryjaropu"

I'padpuunusT morpedutencku uHTEpdeiic e paspadboren ¢ u3non3Bane Ha guide B MATLAB
[5,6] u ce chcTom OT NBa MaHesa, KakTo € moka3aHo Ha durypa 6. [IepBusr, "M360p Ha 3akoH 3a
perynupaHe W BBBEXKIAaHE Ha MapaMeTpure” TO3BOJIsSIBA M300p Ha 3aKOH 3a perylupaHe u
MOCIIEBAIIO BhBEXK/IaHE HA MMapaMeTpUTE My 3a HacTpoika. [loTpedurenst Moxe 1a u3dupa Mexmy
I1, U, TTA u [11]] 3aKk0oH 3a peryiaupase.
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idealcontrollers

W3cnepnsaHe Ha QUHaMWYHUTE M YECTOTHW XapaKTEpPUCTMKKN Ha naeanHyn perynaTtopm

MzBop Ha 3aKoH 3a perynupaHe W BLESKAaHe Ha napameTpuTe

~ M-perynatop *) W-perynarop ) MHA-perynatop = NWO-perynatop
L () k((f)+lr.)d‘) =i, ety e 2 [ et y

1 = Rp€ = ' = = [ TG (el =i, | el + o0 | elrldr =7

u(f) = kpelt) u(i‘.)—ﬁfue(f)(ir u(t) =hyetO + 7 | elo)de () = iy et | el =1,
KoedmumenT Ha nponopunoxankocT kp BpemeKkOHCTaHTa Ha MHTerpipane Tn ' kp Tu

BpemekoHcTanTa Ha audiepeHuupane Ta
Tn
I 3akoH 3a perynpaxe— W 3akoH 3a perynupaHe — M 3akoH 3a perynupase —  — (V1] 3aK0H 3a perynupaHe—

Mony4aeaHe Ha npexcpHarta dyHrung, NTAYX 1 NTPYX Ha nabparua 3akoH 3a perynupaxe

I Monyyaeake Ha NAYX n NOYX I

l Monyyasake Ha NpexoAHaTa fyHKUKMA J

{ Waunctaane Ha JIAHX u TOYX I

l MauncTBane Ha npexogHara fyHKuMA ]

@ur. 6. GUI "M3cneapane Ha AUHAMUYHHATE M YECTOTHH XapaKTEPUCTUKH HA HJCATHH perynaTtopu”

B®B BrOopus manen, "[lomyuaBane Ha mpexoanata ¢ynkuus, JIAUX u JIOUX na n3bpanus
3aKOH 3a peryinupase”, ca pas3mnoyioKeHu JBa rpaduyHy Mpo30peLa, eAUH 3a MpexoHaTa QyHKIUSI
u equH 3a JIAUX u JI®OUX. [Jo Bceku OT rpadUuHUTE TIPO30OPIIH Ca PA3IOIOKESHH 110 J1Ba OyTOHA -

34d IIOJIy4aBaHEC U 3a U3UCTBAHC HA BCUC NU3UYCPTAHA XAPAKTCPUCTUKA.
=) 3

u idealcontrollers

WscneasaHe Ha AMHAMWYHWTE M YECTOTHW XapaKTepPUCTUKWM Ha WAeanHW perynaTopu

M36op Ha 3aKkoH 3a perynupaHe W BbBEXJaHe Ha napameTpuTe

@ [MW-perynatop ) NWA-perynatop

) N-perynatop ) W-perynatop
) = k,e(t) L e u(e) = i, (e6) + 2 rc('z)d!‘) 61 = et 4 [ i
=i =— k fy= — | ElT)d ultl =i, [ elth+— | elrlir—1,
wie pell u(t) T}(J(‘J e(T)dr dERp el b | etnar a3 wh
Koeduunent na nponopunonantoct kp BpemexoHCTaHTa Ha wHTerpupate Tu kp 4 kp Tn

BpemekoHCTaHTa Ha AndepeHumpane Ta

Tu |4

N1 3akoH 3a perynupade—  — [NV1[] 3aKoH 3a perynupaHe—

W 3aKoH 3a perynupaHe—

I1 3aKOH 3a perynpaHe—

MonydyaeaHe Ha npexopHata cyHkyua, NAYX 1 NEUX Ha nabpaHusa 3akoH 2a perynupaHe

50
: : : 80—

| Monyyaeae Ha NAHX n QYK ‘

I lNony4aBaHe Ha NPEXOAHATA dyHKLMA ]

Magnitude (dB)

I Mauncteane Ha MAYX n NPYX I

o I M3uncTeaHe Ha NPexoiHaTa YHKUMA ]

Phase (deg)
3

107 10" 10° 10
Freguency (radis)

0 10 20 30 40

®@ur.7. [lonydaBane Ha npexogHara yHkws, JJAUX n JIOUX B GUI "Uscnensane Ha TUHAMUYHUTE U
YECTOTHH XapaKTEPUCTUKU Ha UJ€alTHU perynaropu”

[IpexonHaTa GyHKIUS ce n34YepTaBa ¢ moMorira Ha GyHKImsATa Step(.) u ce BU3yalnu3upa cies
Hatuckane Ha OyroH "[lomywyaBane Ha mpexoanata ¢yHkuus" (¢urypa 7). [Ipm mpomsHa Ha
rapaMeThp U MOBTOPHO HATHCKAaHE Ha OyTOHa HOBaTa MpexoAHa (QYHKIUS ce u3uepTaBa B ChIlaTa
KOOpJAMHATHA CUCTEMa, KaTo crapaTa ce 3amas3Ba. [locieqHoTo gaBa BB3MOXHOCT Jla CE OLIEHU
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BIIMSIHHETO HA HSAKOW OT IMapaMeTpuTe B M30paHus 3aKOH 3a perynupane. Upesz Oyron "M3uncrBane
Ha mpexoaHara QyHKIUSA" ce U3UMCTBAT U3UEPTAHUTE J0Cera MPEeXo HH (GYHKIUU U MOTPEOUTENAT
MOJK€ J1a 3alI04YHE M3CJIeIBaHE HA BIUSHUETO HA HSIKOM OT OCTaHAJIUTE MapaMeTpH WK Ja IPEeMUHE

KBbM U300p U M3CJICIBAaHE HA JAPYT 3aKOH 32 peryupaHe.

YecTOTHUTE XapaKTEpUCTUKU Ha M30paHUs 3aKOH CE€ HM3YepTaBaT C MOMOIITAa Ha (YHKIUS
bode(.). AnasiornuHo Ha npexoaHata (GYHKIHUS, U TYK € OCUTYpEHa BB3MOXKHOCT 32 CpaBHCHHUE Ha
XapaKTEePUCTUKUTE MPU MPOMAHA HA HIKOW OT HACTPOCUYHHUTE MapaMmeTpu, kato HoBuTe JIAUX u
JI®OUX ce nzuepraBar B chllaTa KOOPJAMHATHA CUCTEMA 3a CPABHEHUE U aHaIU3. M3UMCTBAHETO UM

ChIIO CE€ OCBHIICCTBsABA C 6YTOH

[IporpaMuuAT Ko Ha pa3paboTeHus uHTepdeiic e mokazaH Mo-gomy.

GUI idealcontrollers.m

00-- - e e

%I paduyen moTpeOUTENCKN HHTEpQEiic 3a oTyIaBaHe U U3CIICABaHE HA

% AVMHAMHUYHUTC U YCCTOTHUTC XAPAKTCPHUCTUKHN HAa UACATHH JIMHETHHI peryiaTopu
00-- - e

% ledunupane Ha GUI: onpenensHe Ha BXOTHUTE/U3XOJHUTE MY TPOMEHIUBU

function varargout = idealcontrollers(varargin)
gui_Singleton = 1;
gui_State = struct('gui_Name', mfilename, ...
‘gui_Singleton’, gui_Singleton, ...
'gui_OpeningFcn', @idealcontrollers_OpeningFcn, ...
‘gui_OutputFen', @idealcontrollers_OutputFen, ...
‘gui_LayoutFen’, ], ...
‘gui_Callback', [D);
if nargin && ischar(varargin{1})
gui_State.gui_Callback = str2func(varargin{1});
end
if nargout
[varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
gui_mainfcn(gui_State, varargin{:});
end

%OTBapsiHe Ha rpaduuHUs HHTEpheric

function idealcontrollers_OpeningFcn(hObject, eventdata, handles, varargin)

warning off all

clc;

i=1; handles.ws.i=i;

axes(handles.axesl); 11 = imread('Equation_PID.png'); imshow(l1)
axes(handles.axes2); 12 = imread('Equation_P1.png"); imshow(12)
axes(handles.axes3); I13=imread('Equation_l.png"); imshow(13)
axes(handles.axes4); 14 = imread('Equation_P.png"); imshow(14)
axes(handles.axes5); I5=imread('Blank_axes.jpg’); imshow(15)
axes(handles.axes6); I16=imread('Blank_axes.jpg’); imshow(16)
handles.output = hObject; guidata(hObject, handles);

% W3xonute ot Tazu q)yHKLLl/Iﬂ CC BPBbIIAT KbM KOMaHJAHATA JICHTA

function varargout = idealcontrollers_OutputFcn(hObject, eventdata, handles)

varargout{1} = handles.output;

% HM30upane Ha 3aKOH 32 peryJupaHe
% M3npaasBa ce npu n36op Ha [TH1]] 3ako0H 3a perynupane
function radiobutton1_Callback(hObject, eventdata, handles)
if get(hObject,'Value)==1
set(handles.radiobutton2,"Value',0);
set(handles.radiobutton3,"Value',0);
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set(handles.radiobutton4,"Value',0);
end
% W3meaasiBa ce npu n36op Ha [1U 3aKkoH 3a perynupane
function radiobutton2_Callback(hObject, eventdata, handles)
if get(hObject,"Value')==1
set(handles.radiobuttonl,"Value',0);
set(handles.radiobutton3,"Value',0);
set(handles.radiobutton4,"Value',0);
end
% WsnbeansBa ce npu u3bop Ha U 3aKkoH 3a perynupane
function radiobutton3_Callback(hObject, eventdata, handles)
if get(hObject,'Value)==1
set(handles.radiobuttonl,"Value',0);
set(handles.radiobutton2,"Value',0);
set(handles.radiobutton4,"Value',0);
end
% WsneaasBa ce mpu m36op Ha I1 3akoH 3a perynupane
function radiobutton4_Callback(hObject, eventdata, handles)
if get(hObject,'Value)==1
set(handles.radiobuttonl,"Value',0);
set(handles.radiobutton2,"Value',0);
set(handles.radiobutton3,"Value',0);
end

%CL3I{aBaH6 Ha I10JICTaTa 3a BbBCIKAAHC HAa HACTPOCUYHUTE IMapaMCTPU B 3aKOHA 3a PEryJIMpaHe

%Cnp3maBane Ha noje editl 3a BpBekIaHe Ha cToiHOCT Ha kp 3a [T /] 3akoH

function editl_Callback(hObject, eventdata, handles)

function editl_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,' BackgroundColor’), get(0,'defaultUicontrolBackgroundColor'))
set(hObject,'BackgroundColor','white');

end

%Cn3naBane Ha noJje edit2 3a BbBekIaHe Ha cToiHOCT Ha Tu 3a [11]] 3akoH

function edit2_Callback(hObject, eventdata, handles)

function edit2_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,' BackgroundColor"), get(0,'defaultUicontrolBackgroundColor"))
set(hObject,'BackgroundColor','white');

end

%Cn3naBane Ha noJje edit3 3a BpBekAaHe Ha cToitHocT Ha Tn 3a [TH1]] 3akoH

function edit3_Callback(hObject, eventdata, handles)

function edit3_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,' BackgroundColor’), get(0,'defaultUicontrolBackgroundColor'))
set(hObject,'BackgroundColor','white');

end

%Cn3naBane Ha noje edit4 3a BpBeXkAaHe Ha cToifHOCT Ha kp 3a ITU 3akon

function edit4_Callback(hObject, eventdata, handles)

function edit4_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,' BackgroundColor"), get(0,'defaultUicontrolBackgroundColor"))
set(hObject,'BackgroundColor','white');

end

%Cn3naBane Ha noJje edit5 3a BpBex1ane Ha croiHoct Ha Tu 3a [1TU 3akon

function edit5_Callback(hObject, eventdata, handles)

function edit5_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,' BackgroundColor"), get(0,'defaultUicontrolBackgroundColor"))
set(hObject,'BackgroundColor','white');

end

%Cn3naBane Ha roJje edit6 3a BbBekKJaHe Ha cToMHOCT Ha Tu 3a U 3akoH

function edit6_Callback(hObject, eventdata, handles)

function edit6_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,' BackgroundColor"), get(0,'defaultUicontrolBackgroundColor'))
set(hObject,'BackgroundColor','white");
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end

%Cn3naBane Ha mosie edit7 3a BpBekAaHe Ha CTOHHOCT Ha kp 3a I1 3akon
function edit7_Callback(hObject, eventdata, handles)

function edit7_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor"), get(0,'defaultUicontrolBackgroundColor"))

set(hObject,'BackgroundColor','white");
end

% IlonyuaBaHe Ha pexoaHaTa QYHKIMS 33 U30paHHS 3aKOH 3a PEryJIHpaHe
% M3nbausiBa ce npu Hatuckane Ha OytoH "[lonydaBane Ha npexoaHaTa GyHKIMS"
function pushbutton1_Callback(hObject, eventdata, handles)
% WsneassBa ce npu n3bpan II-perynarop
if get(handles.radiobutton4,'VValue)==1
edit7 = str2num(char(get(handles.edit7,'String")));
kp=edit7; num=[kp];den=[1];
axes(handles.axesb);SY S=tf(num,den);
[Y,T]=step(SYS); plot(T,Y,"-r");grid on
xlabel('t,[sec]);ylabel(u(t)); axis([0 max(T) 0 kp+1]); hold on
% WsnbeassBa ce npu n3bpan M-perynarop
elseif get(handles.radiobutton3,"Value')==1
edit6 = str2num(char(get(handles.edit6,'String")));
Ti=edit6; num=[1];den=[Ti 0];
axes(handles.axesb);SY S=tf(num,den);
[Y,T]=step(SYS); plot(T,Y,-r');grid on
xlabel('t,[sec]);ylabel('u(t)"); hold on
% W3npnasiBa ce npu n3dbpan [11-perymatop
elseif get(handles.radiobutton2,"Value)==1
edit5 = str2znum(char(get(handles.edit5,'String")));
edit4 = str2znum(char(get(handles.edit4,'String")));
Ti=edit5;kp=edit4; num=[kp*Ti kp];den=[Ti 0O];
axes(handles.axesb);SY S=tf(num,den);
[Y,T]=step(SYS); plot(T,Y,-r');grid on
xlabel('t,[sec]’);ylabel('u(t)"); hold on
% W3neansBa ce npu u3dpaun I11/]-perynatop
elseif get(handles.radiobuttonl,"Value')==1
edit3 = str2znum(char(get(handles.edit3,'String")));
edit2 = str2znum(char(get(handles.edit2,'String"));
editl = str2num(char(get(handles.editl,'String")));
kp=editl; Ti=edit2;Td=edit3; num=[kp*Ti*Td kp*Ti kp];den=[Ti*0.01 Ti Q];
axes(handles.axes5);SY S=tf(hum,den); time=4*Td;
[Y,T]=step(SYS,time); plot(T,Y,'-r");grid on
xlabel('t,[sec]);ylabel('u(t)"); axis([0 4*Td 0 5*kp]; hold on
end

% V3npaHsBa ce pH HAaTHCKaHe Ha OyToH "M3uucTBane Ha mpexoaHaTta GyHKIus"
function pushbutton2_Callback(hObject, eventdata, handles)
cla(handles.axes5)

% HonyanaHe Ha YC€CTOTHUTC XapaKTCPUCTHUKHU 3a I/I36paHI/I$I 3aKOH 3a peryJiupaHe
% WsnbansBa ce npu HaTHckaHe Ha OyToH "[lomyuyaBane Ha JIAUX u JIQUX"
function pushbutton3_Callback(hObject, eventdata, handles)
% WsnbeansBa ce npu nzbpan I1-perynarop
if get(handles.radiobutton4,"VValue)==1
edit7 = str2num(char(get(handles.edit7,'String’)));
kp=edit7; num=[kp];den=[1];
axes(handles.axes6);SY S=tf(num,den);
bode(SYS);grid on; hold on
% WsneaasiBa ce nmpu u3bpan M-perymnarop
elseif get(handles.radiobutton3,"VValue')==1
edit6 = str2num(char(get(handles.edit6,'String")));
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Ti=edit6; num=[1];den=[Ti 0];
axes(handles.axes6);SY S=tf(num,den);
bode(SYS);grid on; hold on
% W3npaasiBa ce nmpu n3dpan [1M-perymatop
elseif get(handles.radiobutton2,'Value')==1
edit5 = str2num(char(get(handles.edit5,'String")));
edit4 = str2num(char(get(handles.edit4,'String")));
Ti=edit5;kp=edit4; num=[kp*Ti kp];den=[Ti 0];
axes(handles.axes6);SY S=tf(num,den);
bode(SYS);grid on; hold on
% W3nbeansBa ce npu u3dpaun I11/]-perynatop
elseif get(handles.radiobuttonl,"Value')==1
edit3 = str2num(char(get(handles.edit3,'String")));
edit2 = str2num(char(get(handles.edit2,'String")));
editl = str2num(char(get(handles.editl1,'String")));
Ti=editl;kp=edit2; Td=edit3; num=[kp*Ti*Td kp*Ti kp];den=[Ti 0];
axes(handles.axes6);SY S=tf(num,den);
bode(SYS);grid on; hold on
end
% M3nbpaHsBa ce npHu HaTHCcKaHe Ha O0yToH "M3uuctBane Ha JIAUX u JIOYX"
function pushbutton4_Callback(hObject, eventdata, handles)
cla(handles.axes6)

5. 3akaouyenue

B nacrosimiara pabora e paspaboreH rpadudeH moTpeOuTencku uHTepdelic B cpeaara Ha
MATLAB 3a nonmyuaBaHe U H3CJIeIBaHE Ha MPEXOAHUTE (PYHKIMU HA UJICATHU JIMHEHHHN 3aKOHU 3a
perynupane. [loTpebutenar Moke na u30Mpa MEXIy HIKOJIKO 3aKOHa 3a peryjidpaHe -
nponoprmonanex (I1), uarerpanen (M), nponopuuonanso-unrerpasien (I1IM) u nponopruonanHo-
unterpanao-mudepennuanes (IMNI). Cnen w30opa Ha 3aKOH ¥ BBBEXKIAHE HA HACTPOCYHHUTE
napaMeTpu ce u3depTaBa MpexoaHaTa (YHKUUS KAaTo MPU INPOMsIHA HAa HAKOH OT MapaMeTpuTe
MOJKE Jla C€ U3cjie/iBa HETOBOTO BIIUSIHUE.

Ch3naneHust rpaguueH noTpeOuTeNncKku HHTepdeiic mo3BosgBa MojlydyaBaHe U U3CIe/IBaHe U
Ha JIOTapUTMHYHUTE 4ecTOTHU xapakTepuctuku (JIAUX u JIOUX) nHa wn3OpaHus 3akoH 3a
peryiaupaHe. AHaJIOTMYHO Ha TOJIY4YaBaHETO M M3CIEIBAHETO Ha MpexoJHaTa (QYHKLUSA, U TYK €
OCHUTypeHa BB3MOXKHOCT Ja C€ M3CJIe[Ba BIMSHHETO HAa HSAKOM OT HACTPOCYHHUTE IMapamMeTpu B
3aKOHA BbPXY HETOBUTE YECTOTHU XapPAKTEPUCTUKH.

Pa3paborenusT nnTepdeiic 61 MOrni JiecHO 1a ObJe pa3lIMpeH ¢ MoJlydaBaHEe M Ha IPYTH
xapakrepuctuku (Hanpumep ADX, AUX, ®UX) unu ¢ 1o6aBsiHe U HA APYTH 3aKOHU 32 pEryjiupaHe
(marmpumep mnpornoproHanHo-gudepenimanen [1/1), Tk karo GUI mosBomsBa noGaBsiHe u
MoJUUIMpaHe HA €JIEMEHTH KaKToO 10 BpeMe Ha Ch3AaBaHETO MYy, TaKa U B IOCIIEACTBHUE.

GUI "U3crnenBane Ha AMHAMUYHUTE M YECTOTHH XapaKTEPUCTHKU HA MICATHH peryiaTopu”
e ObJie U3MOJI3BaH 3a JIAOOPATOPHUTE YIPAXHEHUS MO AUCUUIUIMHATA "TeXHUYecKH cpeacTBa 3a
aBTOMaTH3amuA - 2 yact" ot yueOHus miaH Ha crieuanHoctd AUYKC u APYKC na TY-Bapna.
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PASPABOTBAHE HA GUI B MATLAB 3A U3CJIEABAHE HA
JAAHAMUYHUTE XAPAKTEPUCTUKHU HA ITPOMUIIIVIEHHU
PEI'YJIATOPHU

Mapuena U. AnexcanapoBa

Pe3rome: Llenta Ha Hacrosimata pabora € pazpaboTBaHe Ha rpaduueH morpedutencku uHTepdeiic GUI
(Graphical User Interface) B cpema MATLAB 3a mony4aBaHe | H3CIEABaHE Ha JUHAMHYHUTE
XapaKTepUCTUKU Ha TIPOMUIIUICHU perynartopu. [ paduunust uaTepdeiic me mo3BoisBa U300p Ha 3aKOH 3a
perynupaHe W u300p Ha CTPYKTypa 3a HErOBOTO pealM3upaHe, KaTto Cliell BbBEXKAAHE Ha CTOHHOCTH Ha
HACTPOCYHUTE MAPAMETPH I CC N3UepTaBa NPeXoHaTa (GYHKIIMS Ha PEaTHUS PEryaTop.

KuarouoBu axymu: rpaduden norpedutesncku unrepdeiic (GUI), npexoana GyHKIMs, 3aKOH 3a pPeryIupaHe,
pealieH MPOMHIIIICH PeryaTop

Development of MATLAB GUI for Investigation of Step Responses of Real Industrial
Controllers

Mariela I. Alexandrova

Abstract: The aim of this paper is development of GUI (Graphical User Interface) in MATLAB for
investigation of the step responses of industrial controllers. The developed GUI allows for choice of control
strategy and controller structure as well as setting of control strategy parameters in order the step response of
the structure chosen to be obtained.

Keywords: Graphical User Interface (GUI), step response, control strategy, real industrial controller

1. BbBeaenue

CraruuHuTe ¥ TUHAMUYHU XapaKTEPUCTUKHU HA MPOMUIILICHUTE PETYJIATOPH C€ pa3jinyaBat
OT XapaKTEepHUCTUKHUTE HA HJACATHUTE peryiaaTopu. ToBa TpsOBa na ce MMa MpenBHI, Thil KaTo
ONTUMAJIHUTE HACTPOWKM Ce M3UMCIABAT 3a HjlealeH peryiarop. Uecto ToBa gomyckaHe BOIU 10
BJIOIIABAaHE HA KAUECTBOTO HA MPEXOJHUS MPOILEC WK 0 MOsIBa HA HEYCTOMUYMBOCT B CHCTEMATA.
[To3HaBaHETO Ha OCOOEHOCTUTE Ha PEATHUTE PEryjaTopH MO3BOJIABA Ja C€ OLEHU B KOM CIydyau
M3UUCIIeHHUsTa Ha 0a3ara Ha WAEaTHUs PErynarop ca AocToBepHU. Pa3paboTBaHero Ha rpaduueH
norpedurencku uarepdeiic GUI B cpena MATLAB me yiecHU Moiy4aBaHETO HA TUHAMUYHHTE
XapaKTEPUCTUKUA HA peajHu MPOMULUIEHH PEryiaaTopd, KaKTO M M3CJEIBAHETO HA BJIMSHUETO Ha
rapaMeTpUTE Ha PEryJaTOPUTE BbPXY TE€3U XapaKTEPUCTUKH.

2. CTpyKTYypH 32 peajiu3upaHe HA MPOMUIIIEHH PeryJiaTopu

[IpenaBarennara yHKIMS HA BCEKU peajieH peryiaTop MOXKe Jia ce Mpe/ICTaBy BbB BUJA:
Wop () = W,y (8). W5, (s), (1)

kpaeto ¢ W,,(s) u Ws(s) ca o3HaueHH CHOTBETHO MpeJaBaTenHuTe (YHKIHM HA HICATHHS
perynarop, peanusupail TOYHO HafeH 3aKOH 3a PeryjHpaHe, ¥ Ha 0aaacTHOTO 3BeHO. HamuumeTo
Ha 0alacTHO 3BEHO BOAM JIO M3KPMBSBAaHE HAa JIMHAMUYHHMTE XAPAKTEPUCTUKH Ha peaHus
pErynaTop CpsAMO TE3H Ha UICATHUS.
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B nmuTepaTypara ca M3BECTHH pa3iMYHH CTPYKTYPH 32 peajM3upaHe HA OCHOBHHUTE THIIOBH
JMHEHHN 3aKoHM 3a perynupane [1,2,3,4]. B Hacrosimara paboTa ca pa3srieiaHd HIKOU CTPYKTYPH
3a peamuzupane Ha nponopruoHaneH (II), mpomoprmonanHo-unterpasien (IIM) w
MpONoOpLIHOHAHO-UHTErpanHo-audepenimaneH (I11]]) 3akon 3a perynupase.

2.1. CTrpykrypa, peasusupama Il 3akoH 3a peryiupane

Ha ¢urypa 1 e nokazaHa CTpyKTypara, 1o KOATO C€ pean3rupa MPOMHIIICH IPONOPLHUOHATICH
peryiarop.

e(s) 1 u(s)

unt

k

08

A

®@ur. 1. CtpykTypa 3a peanusupane Ha [I-perynaTtop

C k; e o3HaueH KOe(UIIMEHTHT HA MIPE/IaBaHe HA BXOHUS YCUIIBATEI, a C Ky - KOCPUITUCHTHT
Ha MpeJaBaHe Ha YCUJIBATENIsl HA MOIIHOCT 3a YIpaBjeHue Ha u3nbiIHUTeNIHUsS Mexanu3zbMm (UM). C

T,, e o3HaueHa BpeMeKkoHcTaHTata Ha MM, a ¢ k,, - KoehUIIMEeHTHT Ha MpeJaBaHe Ha oOpaTHaTa
BpB3Ka.
[IpenaBarennara GyHKIMS HA peryiaTopa, U3rpajieH Mo rmokazaHara CTpyKTypa, e:
Ky 1
Wpp(s) = = kp. W, (s), )

— —
k um
06 _kz k085+ 1
1 Ton
: T53 — um
TgSs+1 kokos

kq.
KBJIETO K, = o W;,(s) =
06

CrenoBaTenHO, pEATHUAT NPOIMOPIMOHAIECH pEryJaTop MOXeE Ja Cce€ NPEeACTaBH Karo
MOCJIeIOBATEIHO CBhp3aHu uaeaneH I1-perymatop u 6anactHo (mapa3suTHo) 3BeHO. KoeguuueHTsT
Ha [IpeJaBaHe Ha peryjaTopa MOXe Ja Ce HacTpoiiBa upe3 MpoMsiHa Ha KoepuiueHTture kq u k.

2.2. CtpykrypHu, peanusupamm I11 3axon 3a pery;iupane

Ha ¢urypa 2 ca nokasaHu JBe OT Hali-4eCTO M3IOJI3BAaHUTE CTPYKTYPHU 3a pealu3upaHe Ha
peanen IIM 3akoH 3a perynupane. Pasnmkara MeXay ABET€ CTPYKTYpU €€ CbCTOM B TOBa JAJIU
obOparnara Bpb3ka (OB) oOxBama (durypa 26) win He oOxBama (purypa 2a) U3MBIHUTEIHUS
MEXaHU3bM.

e(s) 1 u(s) e(s) 1 u(s)
ki l ! T“_”S kl " Tu.uS g
krm ktm Tu s
rs+l T,s+]1
a) 6)

@ur. 2. CtpyktypHu 3a peansupane Ha [IU-perynarop

[IpenaBarennara ¢pynkuus Ha peanen [IM-perynatop, usrpajiex o crpykrypara ot gpurypa
2a, e:
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Wi (5) = ke (14 = ). 2 = Wi (5). W (), 3)

s/ (Tos+1)

k1Ty . kIJTu

1, k _
P00 T (ke tke) T T kptky

kOb’

KBIETO: kpy =

3a cTpyKTypara, moka3aHa Ha urypa 26, ca B cuja CJIeHUTE 3aBUCUMOCTH:

1 ks
W () = kp (14 =) . 2= = Wiy (). Wi (s
pp( ) 14 T,s) " (Tg,s+1) up( ) 63( )r )
1, kiTy kpTuTu
KpIeTo: ky = — ks = ———— 1 T = —————.
koe kawn'i'leu kauw'i'leu

Crnenoarenno, peannust [IH-perynaTop Mosxe /1a ce pecTaBy KaTo MOCIIeI0BATEITHO
ChEIMHEHUE OT UJICaJICH TaKbB U 0AJIACTHO allepPHOANYHO 3BEHO OT MbpBHU pell. KoepumeHTsT Ha
npeJaBaHe Ha peryjaTopa MoXKe Jla Ce HaCTpOWBa 4pe3 MpOoMsHA Ha KOoepHIIMEeHTa B 0OpaTHaTa
BpB3Ka - k.

2.3. Ctpykrypu, peasusupamu [IU/] 3akon 3a peryjimpane

Ha ¢urypa 3 ca nokasanu 1Be OT Hali-4eCTO HM3IOJI3BAHUTE CTPYKTYPH 3a peajn3upaHe Ha
peanen [1M1]] 3akoH 3a perynupane. AHaJOTMYHO HA CTPYKTYpHUTE 3a peannzupane Ha [11 3akoH 3a
peryimpaHe, U TyK pasiukara ce oOycimaBs ot ToBa namum OB oOxBama (¢urypa 30) mnu He
obxBaa (¢urypa 3a) U3MbIHUTETHUS MEXaHU3bM.

e(s) A [ 1 |uls) e i 1 |us)
! Tu ”.S ! Tu.u s
1 k,Ts 1
Ts+1 | T,s+1 Ts+1 T,s+1
a) 0)

®@ur. 3. Ctpykrypu 3a peansupane Ha [IN][-perynatop

[IpenaBarennara ¢pynkuus Ha peanex [11][-perynarop, u3rpajzeH no crpykrypara ot ¢purypa
3a.e:

1 1/c
Wip(s) = kp (14 7+ Tos) <m> = Wy (5). W (5), 5)
c c
) _ 1 Ty+T, _ _ Nl _ Nl _Tth 1
KBJIETO: Ky = PR T, =T+T,, T, i ok b e © = + 1.

3a cTpyKTypara, moka3zaHa Ha ¢urypa 30, ca B CujIa CICIHUTE 3aBUCMOCTH:

_ 1 k1kosTun/ € _
vap(S) = kp (1 + ﬁ + TaS) .m = up(s)' W53(S), (6)
kpaeto: k,, = kiTlT”z T, =Ty+Ty, T, = Tff;z, a=T,T,T,, b= (T, +T)T,, c=T,, +

lelkos'

Cnenosarenno, peannusar [IM]] perymatop Moxe Ja ce MPENCTaBU KATO MOCIEA0BATEIHO
ChEIMHEHUE OT UIeaJeH TaKbB U 0aIacTHO KOJIeOaTeTHO 3BEHO.
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Kakro ce Bmwkma ot 3aBucuMocTH (2)-(6), OCHOBHH mapaMeTpH 3a HAaCTPOHKa B MMOKA3aHUTE
CTPYKTYpH ca: - KOeUIIUCHTHT Ha TIpEeIaBaHe B MpaBUs KaHAT - k; (32 BCHUKHU CTPYKTYpH); K, -
KOe(UIMEHTHT Ha MpeiaBaHe B 0OpaTHATa Bpb3Ka (32 BCUHUKH CTPYKTYpH); T,,, - BDEeMEKOHCTaHTaTa
Ha M3MBJIHUTENHUS MEXaHU3bM (32 BCUUKH CTPYKTYpH); T, - BpEMEKOHCTaHTaTa Ha MHTErpUpaHe
(3a crpykrypure, peanusupam [IM 3akon); Ty u T, - BpPEMEKOHCTAHTUTE B CTPYKTYpHTE,
peanuzupanu [11]] 3akoH.

3. ITocTanoBka Ha 3agadaTta

[Tony4yaBaHeTo M M3CIEIBAHETO HA MPEXOMHUTE (DYHKIMU HA PA3TMUYHUTE CTPYKTYPH € BaXKHO
10 OTHOIIICHUE Ha TTO3HABAHETO HAa KauecTBaTa Ha IMHAMHYHHUTE XapaKTCPUCTUKH Ha BCSKA €THA OT
TSX € 1IeJT 1300p Ha KOHKPETHA CTPYKTypa 3a peau3upaHe Ha 3aKOH 3a perynupane. To mMoxe Ja ce
OCBILECTBH C M3MoJyi3BaHe Ha mporpamed npoaykt MATLAB. Exna oT BB3MOXHUTE peanu3anuu
BKJIIOUBa ch3naBaHe Ha Simulink monen, B koiTo na ce W3rpaaud ChOTBETHAaTa CTPYKTypa H
napaMeTpUTE B 3aKOHA 32 PEryJIHpaHe J1a ce IPOMEHSAT IPEaH CTApTHPAHE HA CUMYJIAIHTA.

Jlpyra Bb3MOXKHA pealu3allus € u3rpaxiane Ha rpaduueH norpedurescku uarepdeiic (GUI),
4ype3 KOWTO Jla Ce OCUTYpU BB3MOXKHOCT Jla Ce M30MpaT 3aKOH 3a peryiupaHe W CTPYKTypa 3a
HETOBOTO peajiM3upaHe, Ja ce BBBEXKIAT HACTPOCYHHTE TapaMeTpuTe B M30paHaTa CTPYKTypa H
KaTo TOCIIe/IHA CTHIIKA JIa CE M3UepTaBa mpexoaHara GyHKIMS IPU HalpaBeHUTE HAacTpoiiku [5,6].

GUI Ha naneHo mpuIIoKeHUE TPEACTaBIsIBA €IMH I HAKOJIKO rpa)iIHU MPO30pena, BbpXY
KOUTO Ca Pa3MOJIOKEHH JICHTH C TUIB3Ta4yH, MOJIETa 32 BbBEXKIAHE HA JTAHHH, MCHIOTA (BKJIIFOUUTEITHO
najany), KOOPAWHATHH OCH 3a W3BEXJaHe Ha rpadukud u 1ap. B mpomeca Ha ch3gaBaHe Ha
rpaduuHus uHTEpEiic MOXKe a ce JOOaBAT MOCTEIIEHHO HOBU €JIEMEHTH, Jla CE TECTBA TAXHATA
pabora u 1.H. CnienoBarenso, cp3aaneHusT GUI me mo3BossiBa reBKaBoO U JIECHO J00aBsSHE HA HOBH
CTPYKTYpH, TIOJIETA 32 BHBEXKAHE HA IMapaMeTPH, KAKTO U JOIIBJIHUTEIHN (GYHKIUU (32 MOJTy4aBHE
HanpuMep Ha YECTOTHUTE XapaKTEPUCTUKU Ha N30paH 3aKOH 3a PEryirpane).

4. PazpadorBane Ha GUI "MU3cienBane Ha IMHAMUYHUTE XapaKTEePUCTHKHN HA MIPOMUIILIEHH
peryaaropn"

I'paduanusaT moTpedbuTencku uaTEpdeiic e paspaborer ¢ u3nonasBane Ha guide 8 MATLAB
[5,6]. CrcTom ce oT TpH maHena, KakTo € MoKa3aHo Ha ¢urypa 4.

realcontrollers

‘ W3cnegsaHe Ha AMHAMWYHITE XapaKTEPMCTUKN Ha NPOMULLINEHN perynaTopun ‘

- W36op Ha sakoH 3a perynupaHe 13Bop Ha cTpykTypa - BbBexpaHe Ha napameTpu

k1 Tn

N-perynatop crpyrypa |

NN-perynatop ' 3a peanuaupane Ha MN-3akoH

Tum T2

NNA-perynatop

1360p Ha perynaTop crpysypa | - 3apasane Ha NAPaMeTPHTE B HSDPaHATA CTDYKTYPa

TMonyyaBaHe Ha NPpexoaHaTa yHKLUA ‘

MpexoaHa dyHKUMA Ha naeaneH cTpykTypa I
perynarop

3a peanuanpane Ha [N1-3akoH—

crpyktypa |

crpyxrypa Il

3a peanusupare Ha MV[1-3akoH— ‘ MauncTBaHe Ha NpexojHaTa (yHKLUA ‘

®@ur. 4. GUI "U3cnenBane Ha TMHAMUYHNATE XapaKTEPUCTUKU HA TIPOMUIIUICHU peryaaTopu”
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B mwpBusaT manen, "M3060p Ha 3aK0oH 3a perynmpane’, ce€ OChIIECTBsIBa M300p HA 3aKOHA 3a
peryiaupase, 3a KOWTO IIe ce MOoIy4aBaT U U3CJIeABaT TUHAMUYHHUTE XapaKTePUCTUKU. Bb3MoKHUTE
3aKkOHM 3a wu300p ca: - mpomopumonaneH (I1), nponopumonamHo-uHTerpanen (I1M) wu
nponopuuoHanHo-uHTerpaneH-aupepennuanes (IMMJ). [Ipu n3060p Ha HAKOH OT TAX, B JOJHATA
4acT Ha aHela ce BU3yallu3upa npexoaHaTa pyHKIUs Ha UAeaTHUS Peryinarop.

Bropusar nanen, o3arnaBeH "M300p Ha cTpykTypa', ocurypsiBa Bb3MOXHOCT 3a M300p Ha
CTPYKTypa 3a peaju3upaHe Ha IPOMHUIUICHUS DPEryjaaTop. 3alokKeHH ca MO JBE CTPYKTypH 3a
peanusupane Ha [TH-perynatop (¢pur.2) u [IN]I-perynatop (purypa 3), u eana 3a peanusupaHe Ha
[T-perynarop (¢ur.1). I[Ipu u360p Ha CTpyKTypa ChOTBETHAaTa C€ OTBAaps B OTJACNCH TpadudecH
IIPO30pell, KaKTo € oKa3aHo Ha ¢urypa 5.

Tperusr nanen, "3agaBane Ha mapameTpH', JaBa Bb3MOXXHOCT Ha MOTpPEOUTENs /1a BbBEIE
CTOMHOCTH Ha MapaMeTpuTe OT u30paHaTa CTPyKTypa. JlOCTHIIHM 3a BbBEXJaHE ca MapamMeTpuTe:
k, - xoedunmeHT Ha mpenaBaHe B mpaBus KaHal; k,, - kKoeUIIMEHT Ha TpeaaBaHe Ha oOpaTHaTa
Bpb3Ka; T,, - BPEMEKOHCTaHTa Ha W3MNBJIHUTEIHUA MeXaHu3bM; T, - BpPEMEKOHCTaHTa Ha
unrerpupane; Ty u T, - BpEeMEKOHCTaHTH B CTpykTypute, peanusupamu [IN]] 3axon. Cnopen
n30paHaTa CTPYKTYpa, B PAa3HUTE MOJIETA CE BbBEXK/IAT T€3H MapaMeTpH, KOUTO y4acTBaT B HES.

— T — [ — | £7 ]
B realcontrollers [P - |

‘ W3cneasaHe Ha AMHAMWYHWUTE XapaKTepUCTUKW Ha NPOMWLLMEHN PerynaTopu ‘

—W3Bop Ha 3aKoH 3a perynupaHe— ———W360p { gy stucturepir - [ ——
oy O cTpyktypa | CTpyKTypa 3a peanuanpaHe Ha peaneH M-
- lhperynatop perynatop ¢ OB, Heobxeauaua VIM
@ MNW-perynatop aa
= NWAO-perynatop
n36iop Ha perynatop— @ cTpyxrypa |
TPEX0/HA hyHKUMA HA WASANEH _ crpykrypa Il (3(:“) 1 H(ﬁ‘)
perynatop k 5 g — —
] TA&US
saf _
kUﬂ
*) cTpyktypa | T"S + 1
_ crpykrypa Il
3a pell S ——

®@ur. 5. U360p Ha ctpykTypa B GUI "HU3cnenBane Ha qMHAMUYHUTE XapaKTEPUCTHUKU HA TPOMUIILICHU
perynatopu"

[Tonerata Ha mapameTpH, KOUTO HE ydacTBaT B M30paHaTa CTPYKTYpa, CE OCTaBST Ipa3HU.
Jlopu B TAX Ja ce BbBEAE NapaMeTbp, KOMTO HE ydyacTBa B CTPYKTypara, TOW HE C€ M3I0J3Ba B
M3UYUCIICHUSTA 3a TOJy4yaBaHETO Ha mpexoaHara (yHkuusa. Ciel BbBEXKAAHETO MapaMeTpUTe ce
U3IIOJNI3BAT 32 M3YHUCISABAHE HAa KOS(UIIMEHTUTE B YUCIUTENS M 3HAMEHaTeNls Ha IpelaBaTelHara
¢byHkus Ha u3Opanara cTpykrypa. [IpexoqHarta ¢pyHKIMS ce n3yepTaBa ¢ MOMOIITa Ha QyHKIUATA
step(.) u ce Bu3yanmusupa cien HathckaHe Ha OyroH "IlomywaBane Ha mpexomHaTta (yHKIUS"
(dburypa 6). Ilpu mpomsiHa Ha mapamMeThp M MOBTOPHO HATHCKAaHE HAa OyTOHA HOBaTa MPEXOIHA
¢GyHKIMS ce u3uepTaBa B ChIaTa KOOpJMHATHA CUCTEMa, KaTo cTapara ce 3amasBa. [locienHoro
JlaBa BB3MOXKHOCT Ja C€ OIEHM BIUSHUETO Ha HSAKOW OT MapaMeTpuTe B CTPYKTypara 3a
peanu3upaHe Ha W30paHUs 3aKOH 3a perynupane. Ilog koopauHaTHaTa cucTeMa, B KOSTO ce
M34epTaBatr NMpexoaHuTe (yHKIHH, € pa3noiokeH u OyToH "M3uncTBane Ha mpexoaHara QyHkius",
KONTO MO3BOJISIBA Jla C€ M3YMUCTAT M3UEPTAHHUTE JOCera MpPexXOoJHU (YHKIHUU M MOTPEOUTENAT Ja
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3alloYyHe M3CJIC/IBAHE Ha BIUSHHETO HA HIKOW OT OCTAaHAUTE MapaMeTpy WIM Ja TMPEeMUHE KbM
n300p ¥ U3CIIeABaHE Ha Ipyra CTPYKTYpa H/WIH APYT 3aKOH 32 peryrpaHe.

B realcontroliers [E=g
‘ WscnensaHe Ha QMHAMWYHUTE XapaKTEPUCTUKN Ha NPOMULLIEHN PETYNATOPKU ‘
—WM3bop Ha 3aKoH 3a perynupaHe— ——W36op Ha cTpykTypa—— —— BbBexagaHe Ha napameTpn——
k1 T
- (3 4

©) N-perynatop © crpyxrypa |
koe T

@ MW-perynarop —— 3a pearnmsnpaHe Ha [1-3akoH i
Tum T2

() MA0-perynatop B

w3bop Ha perynatop— @ cTpykrypal | ~3aAaBaHe Ha NapamMeTpuTe B n30paHaTa CTpYKTypa—

MNonyuasaHe Ha NpexoaHaTa yHKUUA ‘

MpexoaHa GyHKUMA Ha WLeaneH ) cTpykrypa Il

perynatop

3a peanusupade Ha NK-3aKoH—

© cpyrrypall

© epykrypa ll

t.[sec]

3a peanu3iupare Ha M[-3aKoH— [ M3uMcTBAHE HA NPeXoaHATA (YHKLNA ]

@ur. 6. [TomygaBane Ha npexonHata pyukuus B GUI "M3cnenBane Ha AMHAMUYHHATE XapaKTEPUCTHKU Ha
MIPOMHUIIJIEHH peryiaTopu”

[IporpaMuuAT Ko Ha pa3paboTeHus uHTepdeiic e mokazaH Mmo-Jaomy.

GUI idealcontrollers.m
%- e e e e
%I paduuen morpeduTencku nHTEpEiic 3a MoayIaBaHe U U3CIeIBaHE HA

%ILI/IHaMI/ILIHI/ITe XapaKTCPUCTHUKHU HA IPOMUILJICHU PETyJIaTOPU
0p- - J— e e

%leduuupane na GUI: ompenensHe Ha BXOJIHUTE/U3XOJHUTE MY TIPOMEHIINBU
function varargout = realcontrollers(varargin)
gui_Singleton = 1;
gui_State = struct('gui_Name', mfilename, ...
‘gui_Singleton’, gui_Singleton, ...
'gui_OpeningFcn', @realcontrollers_OpeningFcn, ...
‘gui_OutputFcn', @realcontrollers_OutputFcn, ...
‘gui_LayoutFen', ], ...
‘gui_Callback', [1);
if nargin && ischar(varargin{1})
gui_State.gui_Callback = str2func(varargin{1});
end
if nargout
[varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
gui_mainfcn(gui_State, varargin{:});
end

%OTBapsiHe Ha rpadUIHMS HHTEP]EIic

function realcontrollers_OpeningFcn(hObject, eventdata, handles, varargin)
warning off all
clc; i=1; handles.ws.i=i;
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axes(handles.axesl); 11 = imread('Blank_axes.jpg"); imshow(11)
axes(handles.axes3); 12=imread('Blank_axes.jpg’); imshow(12)
handles.output = hObject; guidata(hObject, handles);

% I/I3XOZ[I/IT€ OT Tasu d)yHKLII/ISI CC BpbIIAT KbM KOMaHJIHATAa JICHTA

function varargout = realcontrollers_OutputFcn(hObject, eventdata, handles)

varargout{1} = handles.output;

% WsneansBa ce npu u3bop Ha I[I-perynarop
function radiobutton1_Callback(hObject, eventdata, handles)
if get(hObject,"VValue')==1
set(handles.radiobutton2,'Value',0); set(handles.radiobutton3, VValue',0)
axes(handles.axesl) % u36op Ha axesl,Taka ue Ts CTaBa TEKylla
I1=imread('Step_Response_P.bmp"); imshow(11)
handles.output = hObject; guidata(hObject, handles);
else
axes(handles.axesl)
I1=imread('Blank_axes.jpg"); imshow(I1);
end
% WsnbeansBa ce npu u3bop Ha [T1-perynarop
function radiobutton2_Callback(hObject, eventdata, handles)
if get(hObject,'Value)==1
set(handles.radiobuttonl,"Value',0); set(handles.radiobutton3,"Value',0)
axes(handles.axesl); I1=imread('Step_Response_Pl.bmp"); imshow(11)
else
axes(handles.axesl); I1=imread('Blank_axes.jpg’); imshow(l1)
end
% W3npnasiBa ce nmpu m3bop Ha [T ]]-perymatop
function radiobutton3_Callback(hObject, eventdata, handles)
if get(hObject, Value)==1
set(handles.radiobuttonl,'Value',0); set(handles.radiobutton2,"\VValue',0)
axes(handles.axesl)
I1=imread('Step_Response_PID.bmp’); imshow(11)
end
% M3npaHsBa ce npu U300p HA CTPYKTypa 3a peanuszupane Ha 1 3akon
function radiobutton6_Callback(hObject, eventdata, handles)
if get(hObject, Value)==1
set(handles.radiobutton5,'Value',0); set(handles.radiobutton11,"Value',0);
set(handles.radiobutton12,"VValue',0); set(handles.radiobutton13,"Value',0);
Structure_P
end
% V3npaHsiBa ce npu n300p Ha cTpykTypa | 3a peammupane Ha [1U 3axoH
function radiobutton11_Callback(hObject, eventdata, handles)
if get(hObject,"Value')==1
set(handles.radiobutton5,"Value',0); set(handles.radiobutton6,"VValue',0);
set(handles.radiobutton12,'Value',0); set(handles.radiobutton13,'VValue',0);
Structure_P1_I
end
% W3npaasiBa ce npu n30op Ha cTpykTypa |l 3a peammsupane wa [11 3axoH
function radiobutton13_Callback(hObject, eventdata, handles)
if get(hObject,Value')==1
set(handles.radiobutton5,"Value',0); set(handles.radiobutton6,"Value',0);
set(handles.radiobutton11,'Value',0); set(handles.radiobutton12,'VValue',0);
Structure_PI_II
end
% WsnbaasiBa ce mpu m300p Ha cTpykTypa | 3a peanmsupane Ha [T1]] 3akoH
function radiobutton12_Callback(hObject, eventdata, handles)
if get(hObject,'Value')==1
set(handles.radiobutton5,"Value',0); set(handles.radiobutton6,"VValue',0);
Structure_PID_I
end
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% WznbansiBa ce npu n36op Ha cTpykrypa |l 3a peanmmsupane na [11/] 3akon
function radiobutton5_Callback(hObject, eventdata, handles)
if get(hObject,"Value')==1
set(handles.radiobutton6,"Value',0); set(handles.radiobutton11,"Value',0);
set(handles.radiobutton12,"Value',0); set(handles.radiobutton13,"Value',0);
Structure_PID_II
end

%Cp31aBaHe Ha M0JIeTaTa 32 BbBEXK/aHE HA HACTPOCUHHTE MapaMeTpy B 3aKOHA 3a PETYJINpaHe

%Cmn3naBane Ha noje edit]l 3a BpBeXkIaHEe Ha CTOMHOCT Ha kp

function editl_Callback(hObject, eventdata, handles)

function editl_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor"), get(0,'defaultUicontrolBackgroundColor"))
set(hObject,'BackgroundColor','white");

end

function editl_KeyPressFcn(hObject, eventdata, handles)

%Cn3maBane Ha moJje edit2 3a BbBE)KIaHE Ha CTOMHOCT Ha koB

function edit2_Callback(hObject, eventdata, handles)

function edit2_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, BackgroundColor'), get(0,'defaultUicontrolBackgroundColor))
set(hObject,'BackgroundColor','white');

end

%Cn3naBane Ha noJje edit3 3a BbBEK1aHE HAa CTOHHOCT Ha Tum

function edit3_Callback(hObject, eventdata, handles)

function edit3_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,' BackgroundColor’), get(0,'defaultUicontrolBackgroundColor'))
set(hObject,' BackgroundColor','white');

end

%Cn3naBane Ha noje edith 3a BpBexkIaHe Ha cTOHOCT Ha TH

function edit5_Callback(hObject, eventdata, handles)

function edit5_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, BackgroundColor'), get(0,'defaultUicontrolBackgroundColor))
set(hObject,'BackgroundColor','white');

end

%Cn3naBane Ha noJje edit6 3a BpBex1aHe Ha cToMHOCT Ha T'1

function edit6_Callback(hObject, eventdata, handles)

function edit6_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,' BackgroundColor’), get(0,'defaultUicontrolBackgroundColor'))
set(hObject,' BackgroundColor','white');

end

%Cmn3naBane Ha noJje edit7 3a BbBEKIaHe Ha CTOHHOCT Ha T2

function text7_CreateFcn(hObject, eventdata, handles)

function edit7_Callback(hObject, eventdata, handles)

if ispc && isequal(get(hObject,' BackgroundColor"), get(0,'defaultUicontrolBackgroundColor"))
set(hObject,'BackgroundColor','white');

end

% Cb3naBaHe Ha 0OCKT axes2

function axes2_CreateFcn(hObject, eventdata, handles)

% IloyuaBaHe Ha IpexoqHATa (HYHKIIHS
% WznbnusiBa ce npu Hatuckane Ha OyToH "[lonyuaBane Ha npexoaHaTa QyHKIM"
function pushbutton2_Callback(hObject, eventdata, handles)
% ITomyuaBane Ha mpexoHara GpyHkus npu n3bpan I1-perymarop
if get(handles.radiobuttonl,"VValue)==1 && get(handles.radiobutton6, VValue')==1
editl = str2num(char(get(handles.edit1,'String"))); edit2 = str2num(char(get(handles.edit2,'String")));
edit3 = str2num(char(get(handles.edit3,'String")));
k1l=editl;kov=edit2; Tim=edit3; num=[k1];den=[Tim/1,kov];
axes(handles.axes3);SY S=tf(num,den);
[Y,T]=step(SYS); plot(T,Y);grid on; xlabel('t,[sec]’);ylabel('u(t)"); hold on
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% IlonyuaBane Ha npexonHata GyHkuus npu u3dpan [IU-perynatop u crpykrypa |

elseif get(handles.radiobutton2,VValue')==1 && get(handles.radiobuttonl11,VValue')==1
editl = str2num(char(get(handles.edit1,'String"))); edit2 = str2znum(char(get(handles.edit2,'String")));
edit3 = str2num(char(get(handles.edit3,'String"))); edit5 = str2znum(char(get(handles.edit5,'String")));
kl=editl;kov=edit2; Tim=edit3;Tint=edit5;kp=1/kov;
Thz=(kp*Tint)/(kp+k1);kbz=(k1*Tint)/(kp+k1);
num=[kp*Tint*kbz, kp*kbz];den=[Tint*Thz Tint 0];
axes(handles.axes3);SY S=tf(num,den);time=2*Tint;
[Y,T]=step(SYS,time); plot(T,Y);grid on; xlabel('t,[sec]’);ylabel('u(t)"); hold on

% IlonyuaBane Ha npexoaHara GpyHkuus npu u3bpan [11-perymnarop u ctpykrypa Il

elseif get(handles.radiobutton2,"Value')==1 && get(handles.radiobutton13,"Value')==1
set(handles.pushbutton2,'Enable’,'on’);
editl = str2num(char(get(handles.edit1,'String"))); edit2 = str2num(char(get(handles.edit2,'String")));
edit3 = str2num(char(get(handles.edit3,'String"))); edit5 = str2num(char(get(handles.edit5,'String")));
kl=editl;kov=edit2; Tim=edit3;Tint=edit5;kp=1/kov;
Thz=(kp*Tint*Tim)/(kp*Tim+k1*Tint);kbz=(k1*Tint)/(kp*Tim+k1*Tint);
num=[kp*Tint*kbz kp*kbz];den=[Tint*Tbz Tint 0];
axes(handles.axes3);SY S=tf(num,den);time=2*Tint;
[Y,T]=step(SYS,time); plot(T,Y);grid on; xlabel('t,[sec]’);ylabel('u(t)"); hold on

% IlomyuaBaHe Ha pexoaHaTa GyHkuusa npu u3dpan [N /[-perynatop u ctpykrypa |

elseif get(handles.radiobutton3,"Value)==1 && get(handles.radiobutton12,"Value')==1
set(handles.pushbutton2,'Enable’,'on’);
editl = str2znum(char(get(handles.editl,'String"))); edit2 = str2num(char(get(handles.edit2,'String")));
edit3 = str2znum(char(get(handles.edit3,'String"))); edité = str2num(char(get(handles.edit6,'String")));
edit7 = str2znum(char(get(handles.edit7,'String")));
kl=editl;kov=edit2; Tim=edit3; T1=edit6;T2=edit7;kp=(1/kov)*((T1+T2)/(Tim));
Tint=T1+T2;Td=(T1*T2)/(T1+T2);a=(T1*T2)/(k1*kov);b=(T1+T2)/(k1*kov);c=(1/(k1*kov))+1;
num=[kp*Tint*Td kp*Tint 1];den=[a*Tint b*Tint c*Tint 0];
axes(handles.axes3);SY S=tf(num,den);
[Y,T]=step(SYS); plot(T,Y);grid on; xlabel('t,[sec]’);ylabel('u(t)"); hold on

% ITomyuaBaHe Ha pexoaHaTa GyHkuusa npu u3dpan [T /[-perynatop u crpykrypa Il

elseif get(handles.radiobutton3,'Value')==1 && get(handles.radiobutton5,'VValue")==1
set(handles.pushbutton2,'Enable’,'on’);
editl = str2znum(char(get(handles.editl,'String"))); edit2 = str2num(char(get(handles.edit2,'String")));
edit3 = str2znum(char(get(handles.edit3,'String"))); edité = str2num(char(get(handles.edit6,'String")));
edit7 = str2znum(char(get(handles.edit7,'String")));
kl=editl;kov=edit2; Tim=edit3; T1=edit6;T2=edit7;kp=(1/kov)*((T1+T2)/(Tim));
Tint=T1+T2;Td=(T1*T2)/(T1+T2);a=T1*T2*Tim;b=(T1+T2)*Tim;c=Tim+T1*k1*kov;
num=[kp*k1*kov*Tint*Td*Tim kp*k1*kov*Tint*Tim kp*k1*kov*Tim];den=[a*Tint b*Tint c*Tint 0];
axes(handles.axes3);SY S=tf(num,den);
[Y,T]=step(SYS); plot(T,Y);grid on; xlabel('t,[sec]’);ylabel('u(t)"); hold on

end

% V3nbpaHsBa ce MpH HaTHCKaHe Ha OyToH"3uncTBaHe Ha mpexoaHaTa QyHKIuI"
function pushbutton3_Callback(hObiject, eventdata, handles)
cla(handles.axes3);

5. 3akaouenne

B Hactosmara pabora e cb3majgeH rpaduyeH motpedburTencku HHTepdeic B cpenara Ha
MATLAB, xoiTO mTO3BOJISIBA TIOJYYaBAaHETO HAa TMPEXOJHUTE (YHKIMH HaA TPOMHUIIICHH
perynatopu. Ilotpebutenat na GUI moxxke na u3bupa u3MexIy TpU 3aKOHA 3a pErylvpaHe:
npomnopirionanen (I1), mpomopuuonanHo-unterpaned ([IM) u  mpomopiroHaIHO-WHTErpaTHO-
madepentmanen ([IMJ]). 3a peamusupane Ha [l-perynmarop e 3anokeHa eHa CTPYKTypa, a 3a
peanmzupane Ha [IM- u IIHW/[-perynatopu ca 3anoxeHu mno aBe cTpykTypu. Cnex u3zbop Ha
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CTPYKTypa U BbBEXJlaHE Ha HACTPOCYHUTE MMapaMeTpH B HEs ce M3uepTaBa npexoiHara QyHKUus,
KaTo TpU TPOMsSHA Ha HSIKOW OT MapaMeTpuUTe MOXE Ja Ce M3ClIelBa W aHAlM3Wpa HETOBOTO
BIIUSIHUE.

Pa3zpaborenustr unTepdeiic 1ecHo 6u MOTBI Ja ObJe pa3lupeH Wi MOTUPUIIUPAH UYpe3
no0aBsHE Ha JAPYTd 3aKOHM 3a peryiupaHe (Hampumep HHTerpajgeH - M, mpornopuuoHalHo-
mudepennmanet - [1/1) w/umm apyru CTpyKTypH 3a Beue BKIIOUCHUTE B HHTEepQeiica 3aKOHH.

Co3pagenust GUI "M3cnexaBane Ha JMHAMUYHHUTE XapaKTEPUCTHKH Ha MPOMUILUICHU
perymnaropu" me ObJie U3MOI3BaH 3a Ta0OPATOPHUTE YIPAXKHEHHS M0 quciuruimHaTta "Texaudecku
cpencTBa 3a aBToMaTu3amnus - 2 gact" oT yueOHus 1iad Ha crnemmianHocTd AUYKC u APYKC Ha
TY-Bapna.
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DEVELOPING A MODEL OF ADAPTIVE STATE OBSERVER
FOR SISO LINEAR STATIONARY DISCRETE SYSTEMS IN
MATLAB/SIMULINK ENVIRONMENT

Veselin Lukov

Abstract: The article presents the developing a model of adaptive state observer for single input-single
output linear stationary discrete systems, based on non-recurrent algorithm for adaptive observation, using
the least squares method. Examples, confirming the synthesized model workability will be presented to
support the conclusions.

Keywords: control, adaptive, algorithm, observer, discrete, system

Pa3paGorBaHe Ha Mo/ieJ1 HA aIaNITUBEH HA0II0aTe)l HA ChCTOsTHUETO 3a SISO JiuHeliHu
cranuoHapHu auckpernu cucremu B cpenara SIMULINK na MATLAB

Becenun JIykos

Pe3tome: CratusTa npeicTaBs pa3padOTBaHETO HA MOJCN Ha aJalTHUBEH HAOJIIOATEN Ha ChCTOSHUETO 3a
JINHCHHM CTAllMOHAPHU JUCKPETHH CUCTEMH C CIMH BXOJ U €JIMH U3X0J] , Oa3upaHd Ha  HEPEKypEHTCH
QITOPUTBM 3a aNanTHBHO HaONIOJIEHWE, W3MOJ3Balll METO/Ja Ha Hal-ManmkuTe KBampatu. llpumepn,
MOTBBPKJIaBaIM pabOTOCIOCOOHOCTTa Ha CHHTE3UPAHHUsS MOJEN, e ObJaT NMPEJCTaBCHH B IMOJKpENa Ha
3aKJIIOUCHUATA.

KaiouoBu qymu: ympasieHue, aJalTHBEH, allTOPUTHM, HAOMIOIATell, TUCKPETHH, CHCTEMa

1. Introduction

In the modeling of control systems with implementation of state feedback, it is usually needed
the state vector to be reconstructed by the measured values of the input and output variables of the
plant [11].

The algorithm used for determination of the state vector is called state observer. The adaptive
observation task is being solved by synthesis of adaptive observers with parameter estimators
[2,4,5,6]. This is needed, because the matrices A and b or (depending on the canonical form chosen
for state-space representation) are considered unknown.

During the observation process the parameters should be estimated and the unknown matrices
determined, allowing reconstruction of the state vector.

For Takagi-Sugeno controller multi-model control synthesis it is wanted that the state vector
is estimated. This publication will present a Simulink model of non-recurrent algorithm for adaptive
observation of SISO linear stationary discrete systems, based on the least square method with
examples, proving the model workability.

2. Problem definition

The SISO Linear stationary discrete system under investigation is presented in the state space
as follows:

x(k+1) = Ax(K)+bu(k),  x(0) =X,
y(k)=c"x(k)+ f(k), k=0,1,2,--- M

where;
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The order of the system n is known, x(k) eR" unknown vector of the current state of the
system, x(0) eR" is unknown initial state vector, u(k) eR" is scalar input, y(k) eR" is scalar output, a
and b are unknown vector parameters.

The corresponding discrete transfer function to state space representation, given with (1) is:
hz" +h,z"?+...4h z+h

2"-a,2" gz (4)

W(2)=

The relation between the elements b; of the vector b, in accordance to the canonical phase-
coordinate form chosen and the polynomial coefficients h; in the numerator of the discrete transfer
function (4) can be described with the following [7]:

Tb=h, (5)
where:
hTz[hl h2 hn]’ (6)
(1 0 0 0]
a1 0 0
T=|-a,, -a, 0 O
8 g g, 1] ()

The elements a; of vector a, according to the phase-coordinate canonical form chosen are the
coefficients of the denominator of (4), in the opposite order with negative sign.

The task defined is aiming estimation of the unknown vector parameters a and b, initial state
vector x(0) and current state vector x(k), k=1, 2, ...

3. Structure and definition of adaptive observer algorithm
R —
N__, Input data Forming of input- Sllsu:ga;'ziiez_Zl
—u initialization output data massive ::alcu’\aticr"w
LN
Initial state vector X, Vectors f1, G w b Co-variation matrix C

estimation calculation calculation

Estimation of the
current state vector

x(k)

Fig. 1. Block-diagram of the algorithm
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Block diagram of the algorithm developed is presented in Fig.1. During the initialization of
input data processing are setup the order of the system n and the number of the input-output data
N>3n. The experiment will use N=3n. After the initialization stage follows the procedure for input-
output data values forming (with input variable u and response y), which are renewed in every

iteration.

Once the input-output data is loaded —

values, the input-output data massive are formed:

Yy, =

21

—y(end —2n)
—y(end —2n+1)
—y(end —2n+2)

[ —y(end — (N -2n))
-y(end — (N -2n)+1)

Y, =|—y(end —(N —2n)+2)

—y(er‘1d -1)

[u(end —(2n-1))
u(end —(2n-2))
U, =|u(end —(2n-3))

u(en;i -n)

[u(end - (n-1))
u(end —(n-2))
U, =| u(end —(n-3))

u (e'nd)

—y(end —2n-1)
—y(end —2n)
—y(end —2n+1)

| -y(end —(N-2n+1)) —y(end—(N-2n+2))

—y(end —(N-2n)-1)
-y(end — (N -2n))
-y(end — (N -2n)+1)

—y(er;d -2)

u(end —2n)
u(end —(2n-1))
u(end —(2n-2))

u(end —n-1)

u(end —n)
u(end —(n-1))
u(end —(n-2))

u(en;:i -1)

u(end —N +2n +1)_

~y(end =N +1) |
—y(end =N +2)
—y(end —N +3)

-y(end —N+n+2
—y(end—N +n+3

~y(end—=N+n) |

)
—y(end =N +n+1) |

)

)

—y(end n)
u(end =N +2) |
u(end —N +3)
u(end —N +4)

u(end—N+n+1)

u(end — N+n+2)
u(end —N+n+3)
u(end - N+n+4)

respectively vector y with 3n and vector u with 3n-1

(8)

©)

(10)

(11)

It is modeled in Simulink Matlab Environment with blocks Constant (Fig.2.), loaded with
equations to generate Toeplitz matrix with input and output data values.

WA Source Block Parameters: Y11

Constant

dimensions as the constant value.

Main  Signal Attributes

Constant value:

Interpret vector parameters as 1-D
Sampling mode: | Sample based
Sample time:

inf

2

Output the constant specified by the ‘Constant value' parameter. If ‘Constant
value' is a vector and 'Interpret vector parameters as 1-D'is on, treat the
constant value as a 1-D array. Otherwise, output a matrix with the same

toeplitz(-y(end-(2*n):end-(N-2"n+1)),-y(end-(2*n):- 1:end-N+1));

X
Constant

dimensions as the constant value.

Main  Signal Attributes

Constant value:

Interpret vector parameters as 1-D
Sampling mode: | Sample based
Sample time:

inf

telp 9

E Source Block Parameters: Y21 X

Output the constant specified by the ‘Constant value' parameter. If ‘Constant
value'is a vector and 'Interpret vector parameters as 1-D'is on, treat the
constant value as a 1-D array. Otherwise, output a matrix with the same

] toepiitz(-y(end-(N-2"n):end-1),-y(end-(N-2"n):-Liend-N-+n +1));
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ﬂ Source Block Parameters: U12 X ﬂ Source Block Parameters: U22 X

Constant Constant

Qutput the constant spedified by the 'Constant value' parameter. If 'Constant Output the constant specified by the ‘Constant value' parameter. If ‘Constant
value' is a vector and 'Interpret vector parameters as 1-D'is on, treat the value' is a vector and 'Interpret vector parameters as 1-D'is on, treat the
constant value as a 1-D array. Otherwise, output a matrix with the same constant value as a 1-D array. Otherwise, output a matrix with the same
dimensions as the constant value. dimensions as the constant value.

Main  Signal Attributes Main  Signal Attributes
Constant value: Constant value:
[ (2%n-1):end-n),ufend-(2*n-1):-Liend-N+2)); | [toepii 1):end),u(end-(n-1):-1:end-N+n +2));
Interpret vector parameters as 1D Interpret vector parameters as 1-D
Sampling mode:  Sample based - Sampling mode:  Sample based -
Sample time: Sample time:

inf ] || [inf |

9 Cancel Hep Q Cancel Heb
Fig. 2. Set-up of blocks “Constant” for input-output data massive forming

The calculation of the sub-matrices and the co-variation matrix C is as follows:
Ml + Mlslezslel E _M1812M2

-M,S,,M, : M, (12)

where:
M, =S (13)
M, = (S, ~SuM;Sy) (14)

The calculations are performed in Embedded Matlab Function editor [1,3] and it is shown in
Fig.3. In Fig.4. the Simulink structure is shown with the connections between Embedded Matlab
Function blocks for the sub-matrices and the co-variation matrix C calculation [7,8,9,10].

[#) Embedded MATLAB Editor - Black embedded_proba/Embedded M..  — o % || [¥] Embedded MATLAB Editer - Block embedded_proba/Embedded M..  — u} X
Eile Edit Jext Depug Tgols Window Help 2 % || Flle Edit Text Debug Teols Window Help ax
DEE|«wR2cMEEHO¢SE( >8R "OVIDSH|sRR2C [ AFEO¢ S&E|»" AR 0O
1 function Si1 = fon(Y1l,¥21) “N[x function S12 = fon(Y¥11,¥21,U12,U22) a
2 4 2 steml
J . . 3
4= S11=Y11'*Y114Y21'*¥21: 4 - 512=Y11'~U12+Y21'*U22;
5

Ready ln 1 Col 1 Ready In 5 Col 1
E Embedded MATLAB Editor - Block: embedded_proba/Embedded M. - o x a Embedded MATLAB Editor - Blockc embedded_proba/Embedded M..  — [m] X
File Edit Tet Debug Tools Window Help a x| Ele Edit Text Debug Tools Window Help ax
DEmsmB2c ADEO®$E( > PR "0 OCH B ADEO¢ SE-" AR "0
Al fun on §21 = fen(¥11,¥21,U12,022) @flf2 Iu 522 = fen(Ulz,U22) o
2 2 #
3 3
& - S21=U12°*¥11+022°'%¥21: 4 - S22=U12'*U12+U22'*U22:
Ready ln 1 Col 1 Ready 1 Col 1

) Embedded MATLAB Editor - Block embedded_proba/Embedded M..  — o x

File Edit Text Debug Tools Window Help ax

DEE|smB2c ADEO¢/SE|(»n 88 »0

1 function C = fcn(S11,522,M1,M2) 4

2 fem

3

4 - C=[-MZ¥522°M1, M2; M1+M1*S11*M2%S22°M1, -M1+S11°M2];

Ready lh 1 Col 1

Fig. 3. Embedded MATLAB Function blocks for the sub-matrices and the co-variation matrix C
calculation
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The estimation of vectors h and a uses the following vector-matrix system of equations:

sub-matrices and the co-variation matrix C calculation

o wg

M1
Embedded
MATLAB Function$

522

fen cl—
t c

—
fon g
—var
Embedded
MATLAB Function =
N sz
—e2 b
pluz 0 s2esiz e »
—puz
Embedded -
MATLAB Functiond
MATLAB Funationt MAT =
o[ —
v Lpls
_ ke g ]
—puiz
—uz >
ol
Embedded -
MATLAB Function2
—puiz
fon g2
—{uz

Embedded

MATLAB Function3

Fig. 4. Simulink structure with the connections between Embedded Matlab Function blocks for the

Embedded
MATLAB Function8

A _ Y_l:;yZ +Y2:E.y3 ) (15)
U12y2 + U22y3
A ~ ~A T . N .
h = |:hl h2 hn:| = [ pn+1 pn+2 o pZn ]T 1 (16)
é:[él éz én]T :[_pn _f)n—l _ﬁl]T’ (17)
0 In-l
A= e (18)
éT
It is modeled in Simulink through multiplexer/de-multiplexer system, shown in Fig.5.
—p{Demux ; :""; |
’—b-ifgﬂslé
—signsis
Fig. 5. Simulink structure for vectors a and h estimation
The estimation of vector b is according to the below equations system:
To=h, (19)
where
1 0 O 0 0]
4 1 0 0 0
T=|-4, -4 1 0 0
-4, -4, -4, -4, 1] (20)
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is down-triangular Toeplitz matrix.
In Simulink model the matrices A and T, as well as vector b, are interpreted with block for
horizontal and vertical concatenation and block for matrix multiplication (Fig.6.). In Fig.7. is shown

Embedded Matlab Function block for matrix T calculation.

—Pisignall 1
—Psignal2 Constant2 L
. pl=n
—Jm{signal2 » . fon T
: F4
—Pe{signals . Matrix )
ao{1-5) Concatenated Embedded
—pfsignals ) MATLAB Function®
~
-80 e Inv
- Product
o~ zeros1
|_. I |
zeros @ .
2
- — 1 Ao
< —I _ Mswix P P Matrix
Concatenate Multioly
. Concatensted IR Bo
ho Productl

Fig. 6. Simulink structure of matrices A, T and vector b

@ Embedded MATLAB Editor - Block embedded_proba/Embedded M... O X

File Edit Text Debug Tools Window Help A x
JEHE| iR AEEO+ S8 »m a8 "0 v
1 Ifumcc;:n T = fcn(an, z) o

2 t¥eml
3
4 - T=toeplitz(an,z):

Ready Ln 1 Col 1

Fig. 7. Embedded Matlab Function block for matrix T calculation

For initial state vector g, estimation, first vector d and matrix Db are estimated in block
Embedded MATLAB Function 9, shown in Fig.8.:

)A(o:(DTD)il DT(yl—QU1):[)A‘01 %52 XOniIT, (21)
where:
CT
c'A
D=| cTA?
A ) (22)
S 0 i
) 0
Q=| c¢'Ab c'b
[cTAM?h cTAMIh ¢"D ) | (23)

Matrix D is formed using demultiplexer/multiplexer system, vertical concatenation block and

block Embedded MATLAB Function 10, shown in Fig.9. The part ~Du” from equation (16) is
shown in Fig.10.
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@ Embedded MATLAB Editor - Block: embedded_proba/Embedded M... — O X
File Edit Text Debug Tools Window Help ax
DEm| o0 AEEOeSE|»" a8 »0O v
1 function [Db,d] = fecn(c,Ao,bo,N) Start simulation =
2 tfeml

3 - Db=zeros(18,1):

4 - d=zeros(18,6):

5 for j=1:N

6 - Db(j,:)=c'*RAo™(j-1) *bo;

7- d(3, z)=c'*Ro" (3-1):

L] end

Ready ln 1 Col 1

Fig. 8. Embedded MATLAB Function block for vector d and matrix Db calculation

@ Embedded MATLAB Editor - Block embedded_proba/Embedded M... — O X
File Edit Text Debug Tools Window Help 2 X
QER s ADEOG S (S&E(»w R »0Ov
1 function D = fen(Db,zr) a
2 $feml

3
4 - D=toeplitz(Db,zr);

Ready [tn 1 ol 1
Fig. 9. Embedded MATLAB Function block for matrix D calculation
@ Embedded MATLAB Editor - Block: embedded_proba/Embedded M... - O X
File Edit Text Debug Tools Window Help 2 x
DS saR20 AFEO®|SE-»maB 0O
1 function Dut = fen(D,ut) a
2 $#eml
3
4 - Dut=D*ut':
Ready [tn 1 Col 1

Fig. 10. Embedded MATLAB Fuction block for —Du" calculation

Then using the needed block for algebraic operations is estimated the initial state vector ,,

shown in Fig.11.

Demux

e

Db

fon
Constant3 5 by d

Embedded
MATLAB Function®

Constant4

1]

»
>
ConstantS ng @
Matrix
Concatenate3
foen
u

= Embedded

MATLAB Function10 N | T -
Y ™1 Matrix
I e
> nl Matrix

o Multiply

PMultiply
Function1 Productz  Froduct3

r Froduct4
Gain1 . .

Matrix
Function2 Multiply
{0 Subtract Math Products
™) fen  put Functions
ut
Math Embedded
Function3 MATLAB Function11

Fig. 11. Simulink structure for the initial state vector %, estimation

xc0
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The current state vector x(k) is obtained as follows:

%(k+1)=Fx(k)+bu(k)+gy(k), %(0)=%,;

F=A-gc',

(24)

(25)

Vector g can be derived using predefined pole placement procedure. It is recommended that
the vector g is synthesized in a manner that matrix ¥ will have zero eigenvalues or at least such

smaller than the eigenvalues of matrix A .

The Simulink modeling structure used for calculation of vector g, matrix F and the current
state vector x(k) is shown in Fig.12. In Fig.13. are shown Embedded MATLAB Function blocks for
the last mentioned vectors and matrix calculation.

|

bo

o ol
[ @lc  fon
.
Embedded
MATLAB Function17|
[
bl v
w Lpg fon  Fi
-
Embedded
MATLAB Function12
n >
>
>
> e .
> To Workspace1
—

Embedded
MATLAB Function18

Fig. 12. Simulink structure for the vector g and the matrix F calculation and the current state vector

X(k) estimation.

[] Embedded MATLAB Editor - Block embedded proba/Embedded MA..  — o X @ Embedded MATLAB Editor - Block embedded_proba/Embedded M..  — ] X
Eile Edit Text Debug Tgols Window Help X File Edit Text Debug Tools Window Help 2 x
DS H| & R0 ADEO¢ S&EIr" A 20O : ¥ \ .
& SR T EXCY-F- T TR i

1 function g = fcn(Ao,c,w) L =]
2 tfeml 1 function Fo = fcn(RAo,q,c) d
3 - g=zeros(6,1): tfeml
4 - eml.extrinsic('acker');: 3 - Fo=zero=(6,6);
5 - g=acker(Ao',c,w)'; 4 - Fo=Rho-g*c';
Ready ln 1 Col 1 Ready Ln 1 Col 1

@ Embedded MATLAB Editor - Block: embedded_proba/Embedded M.. b [m] x

File Edit Text Debug Tools Windew Help 2 X

DEd| £ AFEOe S@»m 88 0 v

1 function xo =fcn(m, Fo,g,bo,u) “

2 ffeml

3 - xo=ones(6,18);

4 for k=1:3*n-1

== xo(:,k+1)=Fo*xo(:,k)+bo*u(k)+g*xo(l, k)’

[ end

Ready Ln 3 Col 15

Fig. 13. Embedded MATLAB Function blocks for the vector g and the matrix F calculation and the
current state vector x(k) estimation.

4. Adaptive observer modeling and performance check

The whole adaptive observer modeling structure in Simulink is shown in Fig.14.
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Fig. 14. Simulink structure of the adaptive observer

The model will be tested in offline regime, without noise applied to the output. For this
purpose is set a file with input and output values to be loaded in the Workspace of Matlab. Once the
simulation of the modeling structure is started the output automatically shows the estimations of
vectors a, b, X and the current state vector estimation x(k):

BN w N

5

10
7
9

ol b~ ©

9.8072 16.7641

5.8072 12.7641 15.33

1
7

11.8072
8 12.8072 13.7641

11.33
5.1262

13

13.8072
14.7641

14.33
9.1262
3.1163

Q>
Il

19.8072
16.7641
15.33
12.1262
7.1163
15.2022

22.7641
17.33
13.1262
10.1163
19.2022
22.6040

~1.4
0.7875
-0.2275
0.0355
-0.0028
| 0.0001 |

23.33
15.1262
11.1163
22.2022
26.6040
25.9016

o
Il

21.1262
13.1163
23.2022
29.6040
29.9016
27.5634

[0.6]
0.2
0.1
0.3
0.4

05

7.1163
21.2022
28.6040
26.9016
23.5634
18.5566

e

1

27.2022 24.6040
30.6040 25.9016
27.9016 25.5634
26.5634 19.5566
22,5566 -0.117
3.8830 14.4499

The actual values of vectors a and b are preliminary known:

AN w N

5

[ENN NN SN

9 10
4 7
5 9

8 12.8072 13.7641

9.8072 16.7641

5.8072 12.7641 15.33

1
7

13
13.8072

11.8072 14.7641

11.33
5.1262

14.33
9.1262
3.1163

The estimation error in

x(k +1) = Ax(K) + bu(k),

19.8072
16.7641
15.33
12.1262
7.1163
15.2022

22.7641
17.33
13.1262
10.1163
19.2022
22.6040

~14
0.7875
-0.2275
0.0355
-0.0028
| 0.0001 |

The current state vector value x(k), is estimated:

23.33
15.1262
11.1163
22.2022
26.6040
25.9016

0.6 1

0.2 1

0.1 1
b= X, =

0.3 1

04 1

0.5 1

- _1 ]

X(0) = X,.

211262 7.1163 27.2022 24.6040
13.1163 21.2022 30.6040 25.9016
23.2022 28.6040 27.9016 25.5634
29.6040 26.9016 26.5634 19.5566
29.9016 23.5634 22.5566 -0.117
27.5634 18.5566 3.8830 14.4499

31.9016
27.5634
20.5566
2.8830
18.4499
24.1674

31.9016
27.5634
20.5566
2.8830
18.4499
24.1674

21.5634
18.5566
1.8830
15.4499
20.1674
22.5803

21.5634
18.5566
1.8830
15.4499
20.1674
22.5803

12.5566
-0.117
14.4499
17.1674
18.5803
10.5101

12.5566
-0.117
14.4499
17.1674
18.5803
10.5101

calculation of vector a is e,, the estimation error ey,
estimation and the error ey, resulted in current state vector estimation are average-quadratic errors
and are obtained using the following formulas:

—6.117
12.4499
16.1674
15.5803

6.5101
15.4006

-6.117
12.4499
16.1674
15.5803

6.5101
15.4006

6.4499
14.1674
14.5803

3.5101
11.4006

—20.2264

(26)

6.4499
14.1674
14.5803

3.5101
11.4006

—20.2264

in vector b
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n

(a, (-4 K)’

ea (k) =— | = n
a;(k)

n

X (b0-B®)
>0

& k) =-

, (28)

n

3 (%K) - %K)’
e(K)=—|+—

> (k
V 0 (29)

The values calculated are &K =0 () =0 gnq €()=0 most probably due to the absence of
disturbance in the output channel and as a result vector parameters of a, b and the state vectors are
exact estimates.

Conclusion:

The modeled in Simulink adaptive observer algorithm is workable in offline mode, without
noise applied to the output signal. For performance check of the observer under the presence of
noise or disturbance influence rectangular matrices should be formed based on input-output data
under the condition N>3n.
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