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OBEKTHO-OPUEHTHUPAH INIOAXO/1
HHPU TPOI'PAMUPAHE HA ITPUJIOKEHUSA B OBJIACTTA HA
KOMIIIOTBPHATA TOMOI'PA®UA

WBaH I'. bynues

Pe3tome: Hacrosmara cratus TmpenctaBs HM3IMOJM3BAaHETO Ha OOEKTHO-OPHEHTHUPAH IMOAXOJ MpHU
MPOrpaMUPAHETO HAa TNPWIOKECHHS B 00JacTTa Ha KOMITIOThpHaTa ToMorpadus. KommoHeHTHTE Ha
CHUCTEMHTE 3a IOJlyyaBaHE Ha TOMOrpad)CKH HM300pa’ke€HHsS ca MOIEIMPAHH M PEANHU3UPaHU B OTIACIHHU
kinacoBe. C TAXHA IIOMOIL JIECHO MOXE Ja C€ CHMYyJIHpa M IIPOBEpsABa M3IIOJI3BAHETO HAa pa3jIM4yHU
TeOMETPUYHA KOH(UTYpalli NpPH CKEHEPUTE, KaKTO W Ha Pa3IMYHUA alTOPUTMHU 32 PEKOHCTPYKLUS Ha
n3o0paxeHusTa. CbIriaacHO MPEIIOKEHHUS NOAXO0X € pa3paOd0TeHO W NPEACTaBeHO MPOrPaMHO MPHIIOKEHUE
3a OBp30 mMmoxy4aBaHe Ha ToMorpadckd M300pakeHHWs ¢ MeToja Ha QuiITpupaHara oOpaTHA TPOEKIIHS.
IToxaszaHu ca MoIMy4eHU TOMOTPAMHU.

Object-Oriented Approach in the Programming of Applications
for the Field of the Computed Tomography

Ivan G. Buliev

Abstract: The present work proposes the use of object-oriented programming for developing of applications
in the field of the Computed Tomography. System components are modeled and implemented in separate
classes. With their help, various geometrical configurations of CT scanners and image reconstruction
algorithms can be easily simulated and tested. Following the proposed approach, a software application for
fast computing of tomographic reconstructions, using Filtered Backprojection, has been created and
described. Tomograms obtained with the developed application are presented, as well.

1. YBox

Crnen mosiBSiBaHETO Ha peHTreHoBara kommoThpHa Tomorpadus (KT) B cpemara Ha 60-Te u
pa3BuTHeTo i npe3 70-te u 80-Te TOAMHM HAa MUHAJIMUS BEK, TS 3aeMa e€/lHa OT OCHOBHHUTE POJU B
[I0JIy4aBaHETO HAa MEIUIMHCKU H300pa)xkeHHsl ¢ auarHoctuuHa uen. l[lpunoxenusita W He ce
OorpaHMYaBaT caMoO B O0JIaCTTa Ha MEAMLIMHATA, a HABJIM3aT M B JAPYrd 00JacTd, KaTo Hampumep
Oe3pa3pyLmTesieH KOHTPOJI, aHAJIN3 Ha apXEOJIOTHYHM apTe(akTu U ap.

Pentrenosara KT u3nons3Ba nu3MepBaHus Ha CTENEHTA HA MOITBIIAHETO HA PEHTI€HOBH JIBYH,
npeMuHaBamu mpe3 oOekra. Korato 3a nenra ce M3Noi3BaT JBYMEpPHU JIETEKTOpH, IHOpaau
NUPaMUJATIHUS UM KOHWYEH Mpo(duil Ha cHoma, Koito ce nonyudaBa, KT ce Hapuua konnuna KT
(KKT). OcnoBHo npeammctBo mipu KKT e Obp3oTo ckanupane Ha menu obemuu obmactu. Ot
PETUCTPUpPAHUTE C JAETEeKTOpa MPOEKIHMH € BB3MOXKHO Ja C€ Bb3CTAHOBIT CTOWHOCTUTE Ha
¢ynkuuara Ha KoeduumeHTa Ha abcopOmus. IIpomechkT e W3BeCTEH KaTO PEKOHCTPYKIUS, a
MOJyYEHHUTE IUIOCKH M300pa)keHHus — ceyeHHust uiau ToMorpamu. C M34YMCICHMETO Ha MHOXECTBO
napajeJHu TOMOTpaMH Ce€ MojJy4daBaT U 0OeMHHU (BOJIyMETPUYHH) pEKOHCTpyKuuu. M3BeneHu ca
ycioBus [1], mpu KOUTO € BB3MOXKHO Ja C€ MOJYy4YM TOYHO BB3CTAHOBSBAHE Ha (PYHKLUATA Ha
koeduirenTa Ha abcopOIysl, HO MO MPUHIMII 337a4aTa € TPYIAOEMKa M M3HCKBA M3IOJI3BAHETO HA
roJisiMa U3YMCIUTETHA MOLII.

C Bpemero ca pa3pabOTEeHH MHOXKECTBO aJlTOPUTMHU 32 BONYMETPHUYHH PEKOHCTPYKUUH. [lpu
YacT OT TAX C€ ChCTABST U pellaBaT UTEPATUBHO OIPOMHHU CUCTEMHM OT JIMHEMHU ypaBHEHUS, a MPU
JpyTU C€ pa3yuTa Ha aHAIUTUYHM pelleHus. EnuH oT Hall-nmonysiaspHUTE aHAJIWTUYHM METOIU 3a
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NOoJy4aBaHe Ha TOMOTrpadcKu H300pakeHHs TPH KpbroBa (M3OLEHTPUYHA) TPACKTOpUS Ha
ckaHupane e pa3Bur or Pennkamn u Kymo [2]. MeronsT € mo3Har omie Karo MeETOJ Ha
¢untpupanara obparna npoekuus (POII). Bwnpekn ve naBa TOYHO pelIeHHE caMO 3a eIHa
TOMOFpa(bCKa IIJIOCKOCT — Ta3u, B KOATO C€ ABWIKAT PCHTITCHOBUAT U3TOUYHHUK U ACTCKTOPBT, TOU €
HOMYJISIPEH, 3alloTO CE peallM3upa CbC CPAaBHUTEIHO HE TOIAM Opoi M3YUCICHUS U ChC
3aI0BOJIMTEIIHO IPUOJIMKSHNUE MOTAT J1a CE NOIy4aT 00EMHH PEKOHCTPYKIIHH.

CbBpeMEHHHTE KOMITIOTBPHM TOMOTpa(u H3IMOI3BAT CHUPAIOOOpa3sHU TPACKTOPUU Ha
CKaHupaHC, IMO-CJIOKHU aJIrOPUTMU 3a PCKOHCTPYKIHA W IIPU TIAX MCETOABT HaA CDGJIZ[K&MH HE €
akTyanieH. Bce omie obade, Toif HaMupa MpuiIoKeHHe B ycrpoiictBa 3a Mukpo-KT, npu uscnenBane
Ha OIUTHU XMBOTHU WJIM HA JAPYI'H MaJKH 1O pa3Mep npeameru. OCBeH TOBa, MOPAIH IMO-KPATKOTO
BpeMe 3a IOJy4aBaHE Ha M300pakeHHsATA, TOM Ce HM3MOJI3Ba Karo Obp3 METO] 3a MpOBEpKa Ha
KayecTBaTa Ha CKaHWPAHUTE MPOCKIHMOHHW H300paKEHUs, Ha TOBa KaKk OMWXa W3TJIKIAIN
TOMOI'paMHUTC U T.H.

OOMKHOBEHO TEOMETpHUsTa Ha CKEHepa, TpPAaeKTOpUsATa Ha CKaHUpaHe, MeXaHWYHaTa
KOHCTPYKIHA KW BCHYKH OTACIHH KOMIIOHCHTH Ha CHCTEMATa 3a II0JIydaBaHC Ha PCHTICHOBU
n300pakeHust ca scHO onucaHu. OTAENTHUTE KOMIIOHEHTH, BBIPEKHM Y€ ca BKIIOYEHH B €/HA
cHCTeMa, MMaT COOCTBCHM MapamMeTpu U SICHO ompeneneHa (yHkiuoHanHocT. ToBa mojcka3Ba
BB3MOKHOCT 3a MPHJIarane Ha 00EKTHO-OPUEHTUPAH MOAXOJ P MPOrPAMUPAHETO Ha TPUIIOKESHUS
3a KT. OtnmenHn KOMIIOHEHTH Ha mMojmoOHa cucreMa Ouxa MOriau Ja Obaar 00ocoOeHH Karo
MHCTAaHIIMU HAa Pa3JIMYHU KIAcOBE M HW3ION3BAaHHM 110 KOMIIAKTEH M €JIeTaHTEeH HauuH 3a OBbp30
ch3laBaHe Ha paboTHU mnpuiokenus. C momomira Ha OMONMOTEKA OT KJIacoBe M (YHKIUH
pealM3MpaHeTO W TECTBAaHETO Ha pa3IMYHM KOHQUIypalud Ha CHCTEMH 3a IOJIyYaBaHe Ha
M300pakeHNs ¥ AITOPUTMHU 32 TAXHATa 00paboTKa OU OMII0 3HAYUTEIHO MO-JIECHO U yI00HO.

Hacrosimara paGora mpeacraBs ¥ Tpeiara H3IOA3BAHETO Ha MOAOOEH NOAXOJ IIpH
pa3paboTkara Ha IPOrpaMeH HHCTPYMEHT 3a Obp3 Tperiie]] Ha IPOCKIMOHHH N300paKeHUs, TAXHATA
npeaBapuTesiHa 00paboTKa M MOCKIEABAIIO oTydyaBaHe Ha ToMorpadcku n300paxkeHus: ¢ MeTo/ia Ha
@enpkami Ipy U30LEHTPUYHA TPACKTOPUS HA CKAHUPAHE.

2. Mone.lmpaﬂe HAa KOMIIOHEHTH HA CUCTEMHUTE 32 KOMIIIOTHPHA TOMOI‘pa(l)I/Iﬂ

OCHOBHM KOMIIOHEHTH Ha mono0Ha cucrema (¢ur.l) ca peHTTEHOBHUAT W3TOYHHK,
PEHTICHOBUAT JAETEKTOp, MEXaHUYHATa KOHCTPYKIMs, KOATO (HUKCUpa JABOHMKAaTa H3TOYHUK-
JETEKTOP U J1aBa Bb3MOXKHOCT JBOMKATA J1a CE ABWXKU 110 JaJi€HA TPACKTOPHS OKOJIO AHAIM3UPAHUS
00EKT, KAKTO M U3YUCIUTEIAT — OOMKHOBEHO KOMIIOTHP UM KI'BCTEP OT KOMIIOTPH.

[Tpu mporpamupanero Ha KT mpuiokxeHus: BCEKH €HH OT TE3W KOMIIOHEHTH MOXKeE Ja Oblie

KallCyJIOBaH B OTAEIEH KIJac, ChIbprKalll

Penreros OINMCaHHME Ha MMapaMeTpUTe Ha KOMIIOHEHTA,

e H_\ - JAaHHU, CBbpP3aHU C Herorara pabora U

METOIM  3a  HEroBOTO U3I0JI3BaHE.

JlombinHUTETHH ~ OOEKTH,  KakBUTO  ca

# Hanpumep camuTe TOMOTpadCKu

n300pakeHus1, ChIIO MOraT Ja ce 000co0sT B
OTACIHH KJIacoBE C TEXHUTE OCHOBHU
XapPaKTEPUCTUKH.

Peumeenos usmounux. HezaBucumo ot

TEXHUYECKOTO M3IIBIHEHHUE, OT IJIeJHA TOYKA

®ur. 1. Tuniana kougurypauus (C-paMmka) 38 g gommorspHaTa TOMOrpadus, OCHOBHH
TOJTy4aBaHe Ha PCHTTCHOBU H300PaKCHHUS OT napaMeTpu ca KOOpJAWHATHTE Ha (POKAITHOTO
pasjiniHa INIE1Ha TOYKa IIETHO B IPOCTPAHCTBOTO, pa3MepbT Ha

NETHOTO, KaKTO W CIIEKTPAIHUAT MPOpHI HA

PeHTreHos
neTekTop
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CHeprusTa Ha PEeHTTeHOBUTE JIbUM. 3a J]a Ce€ ONPOCTH U YCKOPU HPUIIOKEHUETO, U3TOUYHHUKDBT €
MOJICJIMPAH U ce MPEJCTaBs KaTo TOYKa ¢ HapeJeHa TPoiKa KoopAuHaTH (Sy, Sy, S:).

Penmeenos oemexmop. JIBa Buia AByMEpHU JE€TEKTOPH HAa PEHTI'€HOBO JIbYEHUE Ca CpeJl Haii-
MOMYJISIPHUTE U U3IOJI3BaHUTE B MpaKTUKaTa — yCUiIBaTenuTe Ha uzoopaxenue (YW) u naBnesnure
U M3MO0JI3BaHM IIpe3 I[OCIEeJHUTE Bedye IoBeYe OT JEeCeTMHa TOAMHU IUIOCKOIIAHENHH,
nosrynpoBoiHukoBu aAetexkropu (ITI1/1).

Ot raenHa TOYKa Ha KOMIIOTbpHATa TOMOIrpadus € BaXHO Jja Ce 3HASAT TOYHUTE KOOPAUHATH
Ha TOYKUTE, B KOUTO € PErMCTPUPAHO PEHTIEHOBOTO J'bUEHUE. 32 €IUH JABYMEPEH JAETEKTOP TOBA
O3HayaBa Jla ca M3BECTHH TPUMEPHUTE KOOPJIUHATU HAa BCEKM €AMH IHKCEN OT M300paKeHHETO,
KOETO TOW perucrpupa. BXonHuTe NOBBPXHOCTH Ha JBara THUMA JETEKTOpPU ca C pa3iuyHa
reometpus. [Ipu YU 14 e m3nmpkHana ceprudHa U TOBa BOAM JIO TOJTy4aBaHE Ha M300paskeHHE C
IPUCHILY F'€OMETPUYHU U3KpHUBsiBaHUs. [IposiBsABa ce U AJONBIHUTEIHA pajlaiHa HeeHOPOIHOCT B
WHTECH3UTETa Ha M300paxeHusta. [lpu YU e Hanmuue nmpeHoc Ha M300paXEHHETO C MOMOIITA Ha
IIOTOK OT €JIEKTPOHHU B €JIEKTPOHHO JIb4€Ba TPHOA ¢ IBbJDKMHA HA TPACKTOPHUATA UM OT MOpsAIbKa Ha
neceTku caHtumeTpu. [lopanu BIMSHMETO Ha 3€MHOTO MarHUTHO IOJIE BBPXY JBHKEIIUTE CE
3apsiid, B U300pakeHUsATa ce MOJIydyaBaT AOI'bJIHUTEIHN T€OMETPUYHH U3KPUBSIBaHUSA, (DYHKIMS HA
IIPOCTPAHCTBEHOTO pa3NoJIoKeHHEe Ha Jerekropa. [IpobieMbT € u3cinenBaH M ca NPEUIOKEHU
pewenust [3], KOUTO YCIEIIHO KOPUTUPAT MOA0OHN U3KPUBSIBAHMUSL.

IIpu IIIIJI BXOmHATa NMOBBPXHOCT € IUIOCKA W T'€OMETPUYHUTE HU3KPUBSIBAHUSA IPHUHIUIIHO
orcberart. [Ipu III1]] ce nposiBsBaT Ipyru npodaeMu KaTo 1Mo-HUCKA YyBCTBUTEIHOCT, JIATEHTHOCT,
JIOKAJTHHU ITPOMEHH HA KOHTPACTA B 3aBHCUMOCT OT ChbPKAaHUETO Ha N300PaKEHUETO U JAPYTH.

B Hacrosmara pabora ce npennosnara uznonspane Ha [1I1/1. He ce u3kirouBa u U31013BaHETO
Ha m3o0pakeHus ot YU, Ho Te wim TpsiOBa aa ObIAT MPEABAPUTEITHO KOPUTHPAHH, WK TPsiOBa aa
ce IpreMe KOMIIPOMUC € BJIOLIEHOTO Ka4eCTBO HAa TOMOI'PaMUTE.

JIeTeKTOopbT € MOJEIMpaH KaTo MaTpuia OT CTOMHOCTH 3a PEruCTpUpaHus MHTEH3UTET Ha
PEHTIE€HOBOTO JIbYEHUE. BposAT Ha M3MOJI3BAHUTE MUKCENIU ONpeeisl pa3Mepa Ha MaTpHLaTa, a ABa
JIOMBIIHUTEIHA TIapaMeThpa - JIMHESH pa3Mep 1O X W IO ), MO3BOJISABAT Ja OBJaT OmpeneneHu
pasMepuTe Ha MUKCEIUTE MO BCsika OT ocute. [IpocTpaHCTBEHOTO pa3IoyloKeHHe Ha JETEKTOpa ce
3a/1aBa ¢ KOOpAUHATUTE Ha HeroBus LeHTsp (Dy, Dy, D) u Tpoiika Oiineposu briu (@, 6, y), KOUTO
OIpeJIeNIAT IPOCTPAHCTBEHOTO MY 3aBbPTaHE.

W36poennte mapamMeTpu ca JOCTaThbUHU 3a ITBIHOTO OIMCAaHWE HAa KOOPAMHATHUTE Ha
MIUKCEJINTE Ha IUIOCHK JETEKTOP, MOHTUPAH IO MJI€aJIeH HAaUWH BbPXY MJICAIHO TBbPAA MEXaHUYHA
KOHCTpYKLHUA. B peannure cuTyanuu, 1o pea NpUUMHHU, ChUIECTBYBAT U JIEKU OTMECTBAHUS, KAKTO
U 3aBbPTaHE B IUIOCKOCTTA HA JIETEKTOpa. 3a Ja He ce BJIOIIaBa KaueCTBOTO HA TOMOI'pPAaMHTE, Te3U
OTKJIOHEHHUS € HEeoOXOauMO Ja ObJaT OTYMTAHH M 3aTOBa T€ Ca CHIIO BKIIOYEHH B MOJETa Ha
IUIOCKUSL PEHTreHoB aerekTop. IIpum pabora ¢ Mozena Ha JeTEKTOpa ce H3MOJI3BAT JBa BUAA
KOOpJMHATH Ha MHUKCEJINUTE — IOCTOSHHU JIOKAIHHU (CIPSAMO HETrOBUS LIEHTBP U IO JBETE MY
OCHOBHM OCH) M IPOMEHALIM ce I00anHu (B paMKUTE Ha IsylaTa CUCTeMa). 3a Ja ce u30erHar
IIOCTOSIHHUTE U34YMCIEHUS IpU IPEMUHABAHE OT €IMHUS BUJI B IPYTUs U 00paTHO, B OIMCAHUETO HA
KJlaca ca IMpeIBUICHU MaTPULM, KOMTO ChXPaHSABAaT €IHOBPEMEHHO W JBaTa BHJIA KOOPAMHATH.
[IpeusuncnsiBaneTo Ha IJ00aTHUTE KOOPIUHATU HA MUKCEIUTE CTaBa €HOKPATHO, IIPU BCAKO HOBO
MO3UIIMOHUPAHE Ha IETEKTOPa B IPOCTPAHCTBOTO.

Pamka (gantry). llpu peanuzupaHe Ha M3OLEHTPUYHA TPAEKTOpPUS HA CKaHHpaHe
PEHTICHOBUAT HU3TOYHMK W  PEHTTCHOBUAT JETEKTOp Ca  pas3loJOKEHM JAUaMETPAJIHO
IIPOTUBOIOJIOKHO U MO BpEME Ha CKaHUPAHETO CE ABMXKAT B IUIOCKOCT OKOJIO ChOTBETHATa OC Ha
BbpTEHEe. PaBHMHaTa Ha JeTeKTOpa OCTaBa BHHAaru IMEpIEHAMKYIApHAa Ha IpaBaTa JIMHUS,
CBBp3Ballla I'0 ¢ U3TOYHMKA. [[apameTpy Ha KOHCTPYKIUATA ca pa3CTOSTHUETO OT U3TOYHHUKA J0 OCTa
Ha BBPTEHE M PA3CTOSHUETO MEXJY M3TOYHMKA M JIETEKTOpa, a OMNMcaTesl Ha IOJIOKEHHETO Ha
pamKaTta € BI'bJBT Ha 3aBbpTaHe Ha jABoikarta. C momolnra Ha Beye MPEACTABEHUTE KIIACOBE 3a
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M3TOYHUK M JETEKTOp € Ch3/aZieH HOB Kjac, oOeauHsBall ru B kiacuuecka C-pamka (¢ur. 1) n
MO3BOJISBAIL JIECHO TO3UIIMOHUPAHE MIPU A3JCH BI'bJI HA 3aBbPTAHE.

Tomoepama (1ocko cedenue). PesyntarsT ot uzuucnenusta npu KT unenu na Bp3craHOBH
¢byHKuuATa Ha aOCOPOIHS HA PEHTI€HOBHTE JIbYH B 00ekTa. OOMKHOBEHO Ta3u (QYHKIHA C€ THPCH B
paBHMHATa Ha IUIOCKO CEYEHHME Ha 00EKTa, KOETO €CTECTBEHO CJIE/l TOBAa C€ BHU3YyallU3Upa BBPXY
IUIOCBK MOHHTOpP. Pa3paboTeHuTe aaropuTMH CHIIO NMOAPa3OMpaT M3YMCICHUS M MOJy4YaBaHE Ha
TOMOTPaMHM B JIaJieHa IIOCKOCT B IIPOCTPAHCTBOTO. 3a TOBa € YAOOHO J1a Ob/ie MpeABUJIEH IIOCHK
MOJIeI HAa TOMOrpamMa, KaTo KOMIIOHEHT OT CHCTeMaTra 3a I[ojlydyaBaHe Ha HW300paKeHHS.
IIporpamupaneTo Ha TOMOTpaMHUTE KaTO OOEKTH JaBa Bb3MOKHOCT 3a JIECHO MaHUIYJIMpaHe C
1esn 00eMHM 001acTH, IPEACTaBANKY I'M KATO MHOKECTBA OT MapajeIHH TOMOTPaMH.

MonaenbT Ha TOMOTpamara He Ce OTJIM4aBa MHOTO OT TOBa Ha JIETEKTOpa - MO CHIIECTBO
CbXpaHsiBa CTOMHOCTHTE Ha JByMepHa (yHKIMS Nox ¢opMmara Ha IHUKCEIM B €AHO IUIOCKO
n300pakeHre, OPUEHTHPAHO IO OMpeesieH HauuH B MPOCTPAHCTBOTO. b Morio ma ce mMucnu 3a
e/IMH 0011 MOJIEJI ¢ TO3U Ha JETEKTOpa, HO B KOHKpETHATa peaju3aliis TOBa HE € HallpaBeHo, 3a Ja
HE Ce MpEeToBapBa C MapaMeTpyd W MO TO3W HAYMH Ja ce 3a0aBiT M3uucieHusTa. B Monmena Ha
TOMOIpamara JIMIICBaT OTMECTBAHMsS M 3aBbpPTaHUs, a € JoOaBeHa CTOMHOCT 3a Je0OenuHaTa Ha
ceueHueto. [Ipu ToBa, OTAENIHUTE MUKCENH € TpaHC(HOPMHUPAT BbB BOKCEIU — OOEMHH €JIEMEHTH.
OO0eMBbT Ha BOKCENIHUTE € OT 3HAUCHHE 3a IPAaBUIIHATA PEKOHCTPYKLUS Ha CTOMHOCTHTE.

Mamemamuuecko ocucypssarne. OCBeH crieu(UIHUTE KJIACOBE 3a OTACTHUTE KOMIIOHEHTH Ca
MOJIrOTBEHH M MHOXKECTBO (DYHKIMHM 3a paboTa ¢ JaHHUTE Ha KJacoBeTe - IMpeoOpa3yBaHe Ha
KOOp/IMHATH, IOJIy4aBaHE Ha MAaTPUIM Ha TpaHCPOPMALUUTE, PABO B 0OpaTHO MpeodpazyBaHe Ha
Oypue, uudpoBo puaTpUpaHe u Ap.

3. PazpaboTka Ha NPUJIOKEHUS

a) 'eomeTpu4Ha KOHPUIYypPaALUA U AJITOPUTHM
Ha ¢wur.2 e mokazan oOmusAT ciydail Ha pasloJIOKEHHE Ha OIMHMCAHUTE MOJCITUPaHU
koMroHeHTd. MetonsT Ha DOII 3a monmyyaBaHe Ha TOMOTpaCKU HM300paKEHUSI M3HCKBA Ja Ce
zZ

emexmop) )
CA
g%l
= f
gl Tomoepama Ty
g
gy
i |
7 ;
= 1
Rip.Q) = 1 - __ Msmounux
-~ ~ -
~a

®ur. 2. O6ma IMOCTAHOBKaA ITPpH ITOJYUYAaBAHE Ha PCHTICHOBU IIPOCKIHUU U TOMOI'PAaMH C
H3I10J13BaHC HA KOHHUYCH HpO(i)I/IJ'I Ha pCHTTCHOBUA CHOII JIBYH.

peiu 3aga4ara 3a HAMHUPAHC Ha IIPECCUYHATa TOYKAa Ha pCHTICHOBU:A JIbY, 3all04YBalll OT PCHTICHOBUA
HN3TOYHUK WM MHHaBall IMPE3 AaJACH BOKCCII Ha CCUYCHHUCETO C INIOCKOCTTAa Ha ACTCKTOpPA. MeTtoasT
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U3M0JI3Ba SPKOCTTa Ha JETEKTOPHMS NHMKCENT B MpeceyHara TOuyka, 3a Ja (opmupa bacT OT
CTOHHOCTTa Ha BBIIPOCHUS BOKCEN. B 0oOmus cirydail peHTTeHOBHUSAT JbY Npecuda IUIOCKOCTTa Ha
JIETEKTOpa B TOYKA, HAMHUpAIA CE MEKAY LIEHTPOBETE HAa MHKCEIUTE OT JECTEKTOpa | 3a Ja ce
MOJTy4YH ThpCEHAaTa eKBUBAICHTHA SPKOCT, CE€ M3M0J3Ba MHTEpronanus. OnepanusaTa ce moBTaps 3a
BCHYKHU BOKCEII OT THPCEHOTO CEUCHHE U 32 BCHYKH ChOPaHU PEHTI€HOBHU MPOCSKIIHH.

Matemaruueckuar uspas [4], onucsamy OOIIL, e npeacrasen B (1), kbaero g(4,5,z) € ThpceHaTa
¢bynknus Ha koedunueHta Ha abcopOums, Dso € pa3cTOsIHMETO OT HM3TOYHMKA J0 OCTa Ha
TpaeKTopuATa, Ry(p,{) € MpoeKkuusATa, MOIydeHa IpU BI'bll [ Ha paMKaTa, a A(p) € UMIyJICHa
XapaKTepUCTHKA Ha CIICHUAICH BHCOKOYECTOTEH (PUATHP C JMHEHHO-HAapacTBalla aMIUIUTYIHO-
4ecTOTHa xapakTepuctuka H(w) = |@|.

1 2z D 2 +o0 D ¢ D
—— |_—_—_—s0 sot SO 1
8lt.5.2)=> j Do Bl :)h[ o5 pJ e (1)
t=xcos(f)+ ysin(f), s =—xsin(f)+ ycos(f)

[Ipoekuusara Rip,{) e uzoOpaxkeHHe OT JHMHEHHUTe MHTerpanu Ha (QyHKUMATa g(1,5,z) 1O
NPOJBIKEHUE HA PEHTTCHOBUTE Ib4U. VIHTEH3UTETBT, PETUCTPUPAH OT AETEKTOPHUTE, U R4(p,{) ca
CBBpP3aHH Upes:

I(p.¢) =, exp| - [ g(r)dr | = I,exp[- R, (p.)] 2)

Ry(p.&)=-]g(r)dr=1n(l,)-In[I(p,{)] 3)

KBbIACTO I() € HHTCH3UTCTHT Ha IIagallud JIb4, a v € I10 II0OCOKaTa Ha JIb4a.
Ilon ¢opmaTa HaA mOCIENIOBATEIHOCT OT OINEpalUy MOJy4aBaHETO Ha ToMOrpadcko
n3zobpaxxenue crriaacuo merona OII Brimrousa:

1. TermoBHO npeoOpa3yBaHe (OTYUTA PATUIHOTO PA3CTOSHUE OT U3TOUYHUKA JIO TAJCH TTHKCEI
Ha JICTEKTOpA):

. D
Ry(p.&) = Ry(p.&)——2—— )
De,"+¢ +p
2. Guntpupane Ha MpoeKIuuTe 1o peaose ¢ BU punrop:
, 1
Os(p,¢) = Ry(p,2) *Eh(p) ()
3. MnTerpupane 3a nojiyuaBaHe Ha ThpCeHAaTa CTOMHOCT 3a J1aJIeH BOKCEII:
Dy’ Dyt  Dgyz
glt,s,2)= [ ——0—— 0 | =50 =30 lqp (6)
O(DSO_S) Dy —s Dy =5

CbOTBETHO, C IMOMOINTA HAa CH3IAAJCHUTE KIACOBE, PEKOHCTPYHPAHETO HA TOMOTPAaMHU Ce
CBEX/Ia JI0:

1. 3aBbpTaHe Ha JBOMKaTa M3TOYHHUK/IETEKTOP HAa BIBJI, Ha KOUTO € OWJI0 MOJIy4yeHO
PEHTTE€HOBOTO M300pakeHUE, KOETO 1€ CEe MPOEKTHPa 00paTHO;

2. 3apexaaHe Ha H300paKEHUETO B JIETEKTOPA;

3. [lonmyyaBaHe Ha JIMHEHHUTE UHTETPAJIH;

4. TernoBHO mpeoOpa3yBaHe Ha SIPKOCTTA;

5. @unTpupane Ha H300pAKEHUETO;

6. OOpaTHa MPOEKIUs U HHTETPUPAHE.

3a yckopsiBaHEe Ha I10JIy4aBaHETO Ha PA3JIMYHU TOMOTPaMHU € Bb3MOXHO CTBIKH 3, 4 u 5 na
ObIaT mpeaBapuTEITHO MPUIIOKEHHU, KaTO B CTHIKA | ce 3apekaar Beue 00padOTEHUTE MPOCKITHH.
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OnucaHueTo Ha M3MOJI3BaHaTa TPACKTOPHUS € BBIIPOC, KOMTO MPEACTOH Jla HAMEPH IMO-100po
peuieHue. B KOHKpeTHHUs ciiydail € Chb3laJieH KJac, KOWTO OMMCBa M30ICHTPUYHA TPacKTopus. 3a
OOIIHs Cly4ail ChIIECTBYBAT MICH 3a JepHUHUpaHe HA aOCTPaKTHU KJIacoBe, KOMTO Ja JePHHUPAT
IBMKCHHETO Ha KOMIIOHCHTHTE Ha CHCTEeMaTa ¢ KpaeH Opoi ommcarenu. Ilo-moOporo um
CTPYKTYpHpaHe NpeAcTou Ja Oblie HAlIPaBEeHO e/ MOAPOOEH aHaIu3 Ha ChOTBETHUTE TPACKTOPHH,
MPECTaBISABAIIN HHTEPEC 38 HAYUHU H3CIICBAHMUS.

b) FDKR-V: npuioxeHue 3a nojy4aBane Ha TOMOrpacku u3odpaxeHus

C u3MoNM3BaHETO Ha OMHMCAHMUTE KjacoBe M (PYHKIMHM € Ch3AaJeH MPOrpaMeH HHCTPYMEHT
FDKR-V. I'papuunusar my unrepdeiic e nokazan Ha ¢ur. 3. [Iporpamara no3BossiBa 6bp3 mperies
Ha M3MO0J3BAaHUTE PEHTICHOBH INMPOCKINHU, QHITPUPAHETO UM C Pa3IHYHU (QHUITPU U TOTydaBaHE
KaKTO Ha €JUHUYHU TOMOTpadCKu H300pa’keHUs C MPOM3BOJHA OpPHEHTAallWs, Taka U HAa O0EMHU
PEKOHCTPYKIIMU OT MapajeHu ToMorpaMu ¢ Metoaa Ha denakam [2].

KoMmmakTHOTO peanu3upaHe B mporpaMmara Ha OINKUCAHATA IO-TOPE IMOCIEAOBATEIHOCT C
MOMOIIITA HA HOBUTE KJIacoBe M (PYHKIIMH MOXKe Ja ObJie HAKPaTKO MIFOCTPUPAHO CHC CIETHUS KOJ
Ha C++:

File About
Monitor Signal B ange: Projection Filtering —
Hin. |+D'D'3+DD Filter Type: Im ) Start |
ETH |+1.SE+02
_ : Cone-beam CT Reconstruction
Sighal Windo Source
i+ Automatic ¥ Detailed Monitoring " Projections W LI = Filt. Projections |
* - Start Prafile: [ 0 Mozl Angle: +21.0
Uszer Window End Profile: <] L+ Mo: 101 Angle: +221.0
I E— |
. N Central Slice Paosition [mm]: Slices Dimensions [mm]:
LN UL ) s [ B g 1 w=320
N (N | _ ] w=0 [ 1 k=320
Center 50? = 1 ] == | 1 d=1.0
Slices Orientation [deg): Slice Dimenzions [pixels]:
Wwindow Flange: = _ 1 =0 [T | 1 rw=m12
Min: [+0.0s+00 E - = :: 9=g° = = :: ”2=1512
; g T N | 2| nd=
—Manitor5 elect -
("DnFIiDr' E:C or . . Maw: |+1.8e+02 Presets—————————— Equal Pirel/oxel Size |
.r0|ec: |0ns. . : I Ml finde " Axial " Lateral
© Filtered Projections € Cument Process (™ Coronar €& Custom [ Wolume Reconstuction
" Slices " Off .
True Bitmap | B :
| — — Shart | ice Progress: .|
Projection No.: B8 Angle: +155.0 Volume Frogress: |
Status:
Path: TATemphData' ;l
File Mames: T R T 01 RAw!
Angle File: TATemphData\aMGLESY DAT'
wfork, Files Information;
Fath: CATemphData’
Filt. Proj. Filg Ext.: "FIL' =

®ur. 3. Expan ot npunoxxennero FDKR-V, 3a nonyuyaBane Ha ToMmorpadcku BOJTyMETPUUHU
n300pakeHUsI.

1. Cp3naBane Ha OOEKTHUTE:
Slice *L = new Slice(SL XSIZE,SL YSIZE,SL XLEN,SL YLEN,
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X,Y,7,PHI, THETA, PSI);
Gantry *G = new Gantry (DET XSIZE,DET YSIZE,
DET XLEN,DET YLEN,
DET XOFFS,DET YOFFS, G SID,G_SDD);
PeHTreHoBUAT U3TOUHUK U PEHTIEHOBUSAT AETEKTOP CE Ch3/1aBaT aBTOMATHYHO B Kiiaca Gantry.
2. 3aBppTaHe Ha JABOWKAaTa M3TOYHUK-ACTEKTOP Ha BI'bJI, Ha KOUTO € OWJIO MOJYy4eHO
PEHTTE€HOBOTO M300pakeHHe:
G->MoveAt (ang[i]);
3. 3apexane Ha H300PaKEHUETO B JETEKTOpa:
G->D->Load (fname[1i]) ;
4. IlonydaBaHe Ha JIMHEWHUTE UHTETPAIH (3), aKO € HEOOXOTUMO:
G->D->ComputelLI (MAX VALUE) ;
5. @unTpupaHe Ha U300paAKCHUETO:
G->D->FilterRows (FILTER RAMP) ;
6. TernoBHO peoOpazyBaHe Ha SIPKOCTTA
G->D->Weight (G->SID,G->SDD) ;
7. O6paTHa MPOEKIus:
G->Backproject (L) ;

FDKR-V naBa BB3MOXHOCT 3a 3a/laBaHe Ha NPOM3BOJIHA OPUEHTAIMS B MPOCTPAHCTBOTO M
pe3omonus Ha peKOHCTpyHpaHaTa ToMorpama. Moxe a ce paboTH U HOJMHOKECTBO OT HAIUMYHUTE
MPOEKIIMH, OTHACSIIO Ce JI0 YacT (apKa) OT TPACKTOPHUATA, KOETO IIbK € aKTyaJHO IPU WU3CIICABAHUS
B oOacTTa Ha nu(poBHUI TOMOCUHTE3UC [5].

¢) IlpumMepHa peKOHCTPYKIMS HA IEHTAJIHUA TOMOTPaMH

C nomourra Ha FDKR 1 mpoekuum, noiay4eHu npy MpeaxoAaHo u3cienBaHe [6], ca nmomydeHu
ToMorpadcku n300pakeHust Ha (paHTOM OT JIBO¥Ka ekcTpaxupanu 360u. Ha ¢ur. 4 e mokazana exna
OT M3IOJ3BAHHUTE MPOCKIMU M HelHara (unrpupaHa Bepcus, a Ha ¢ur. 5 ca u3o0pa3eHH ABE OT
MOJTyYCHUTE IEHTATHH TOMOTPaMH.

4. Jakaouenue

KommakTHOCTTa Ha peanu3anusaTa € €IHa OT LENUTe, KOMTO ca mocTurHatd. OOexkTHO-
OPHMEHTHPAHUSAT MOJXOJ IpHU IporpamMupane Ha 3amgayu oT obnactra Ha KT ce moka3Ba odakBaHO
KaTO MOJXOMSI - XapaKTepPbT HA U3YHCIUTEITHUTE MPOLEAYPH U CBOWCTBATa HA KOMIIOHEHTHTE Ca
TaKWBa, Y€ IMO3BOJISABAT JIECCHOTO M KallCyJOBaHE B KIIaCOBE.

ITpu pa3zpaboTkaTa Ha KJIACOBETE U Hali-Beue HA MPOTPAMHOTO MPUIOKEHHE Ca YCTaHOBEHH
HSKOW HEJOCTATBIM, KOUTO MPEICTOH Ja ObJaT KOPUTHpPAHU B ClenBaily BapuaHTH. Hacrosmara
paboTa ce pasriiexaa KaTo npeaBapuTeIHa IPOBepKa Ha MPAaBIIIHOCTTA Ha MOJIX0/1a 33 U3rpakaaHe
Ha €JIHa TO-IIbJIHA U TO-00pe CTPYKTypUpaHa OMOIMOTEKa OT KJIacoBe M (DYHKIUU 3a LETUTE Ha
M3CJIeBAaHUATA B 00JIACTTa HA KOMITIOThpHATa TOMOTpadus.

[IpencraBeHata paboTa € MOJAKpENEHa OT JABYIOJMIIEH HAayYHOM3CIIEJOBATEJICKU IPOEKT
HIT111/2009, punancupan ot 6romxera Ha TexHUUECKH YHUBEPCUTET - Ip. Bapua, brarapus.
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®@ur. 4. EHa OT U3MOI3BAaHUTE PEHTTEHOBY MPOCKIUY (2) ¥ HeliHaTa ¢puintpupana Bepcus (0)
nosrydeHa ¢ FDKR-V.

@ur. 5. AxcuanHa u narepaita (1o OTHOUIEHHE Ha CKaHUpAIllaTa TPAeKTOPHsI) AEHTAIHU
ToMorpamu, nosryaeau ¢ FDKR-V.
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NHXEKTUPAHA BEPUT'A OTTTOBOPHOCTH

[IBeTenun I1aBmoB

Pe3tome: Pasrnexzaar ce mpoOiemuTe Mpu MOIMYISPHAS IIa0JI0OH 32 MPOEKTHPAHE ,,BeprUTra OTTOBOPHOCTH
ce mpejiara pelieHue, NpeAcTaBIsIBallo KOMOMHALUS OT HIKOJIKO IOIMYJSpHH MIa0loHA 3a MPOEKTHpaHe,
KOETO HAMA HEAOCTAThLUUTE Ha KJIIACHYECKHUS [Ia0JIOH.

KirouoBu nymu: mabionu 3a 1u3aiiH, Bepura OTTOBOPHOCTH, IEKOPATOP, HHKEKIIUS Ha 3aBUCHMOCTH

Injected Chain of Responsibility

Tsvetelin Pavlov

Abstract: The paper focuses on the problems of popular chain of responsibility design pattern and offers
compound solution, a combination of several well-known design patterns that solves described problems.
Keywords: design patterns, chain of responsibility, decorator, dependency injection

I. BbBenenune: Kinacuueckara Bepura 0TrOBOPHOCTH

“Bepura otroBopHOCTH” ce neuHUpa KaTo 1mabioH, Ype3 KOUTO ce u30sirBa 0OBBbP3BAHETO
Ha U3Mpallaya Ha JaJieHa 3asBKa ¢ MOoJydaTess M, KaTo JaBa Bb3MOXKHOCT Ha HSKOJKO OOEKTa Jaa
obpaboTsT 3asBKara [1] [2].

[[TaGoHBT ce W3MOoJI3Ba, KOraTo € BH3MOXKHO TOBEUYE OT €IWH OOCKT Ja o0paboT najeHa
3asBKa W/WINM WM3IBJIHUTENAT HE € W3BECTCH NPEABAPUTEIHO, KOraro € HeoOXOquMO OOeKTHTe-
o0paboTuniy fa ObJaT Ch31aJACHN TUHAMUYHO, KAKTO M KOTaTO M3MPAlIaybT HE CE MHTEPECYBa OT
00ekTa-00paboTUHK.

bnaronapenue Ha mabiaoHa ,,Bepura oTrToBOpHOCTH ce ocHTypsiBa ci1abo 00BBP3BaHE MEXKIY
OOEKTUTE TPU €IWH OT MOCOYEHUTE TO-TOpe CIEHAPUH, KAKTO M JOMBIHUTEIHA T'bBKABOCT II0
BpeMe Ha M3IIbJIHEHHUE (BH3MOXKHO € BepHurara aa 0bJae Moau(uIpaHa 1mo BpeMe Ha M3ITbJIHEHUE,
KaTo ce BMBKHAT WJIH 100aBAT 00EKTH).

Haii-uecto cpemanara ymorpeba € 3a u30srBaHe Ha TojJeMH YCIOBHH OyiokoBe (switch
statements). [lpu ymorpeba Ha ycioBeH OIOK € HEOOXOJUMO MOIYIBT, B KOMTO ce Hamupa
YCIOBHUAT OJIOK, Ja MMa TBHPAU pedepeHlMd KbM BCEKHM €IMH OT KJIacOBETEe, y4yacTBAllld B
KJIOHOBETE Ha YCJIOBHHUA OJIOK, @ YECTO TE3H KJIACOBE MJIBAT OT MOAYJIH, KOUTO HE € 3aIbJIKUTEITHO
na ObAaT pa3npoCTpaHSIBAHU 3a€IHO WK Ca B3aUMHO M3KJIFOYBAIIH CE.

[IpumepHa mpakTuyecka ymoTpeba: B MpUIIOKHATA OOBMBKAa Ha JaJeHO MPUIOKEHHE 3a
OpraHu3MpaHe Ha BepUra OTTOBOPHOCTHU OT aJanTepy 3a €JIEeMEHTH Ha MOTPeOUTENICKUs HHTEepdeEiic,
KOUTO Morar Aa ObJaT pasMoJOKEHH B Pa3IMYHU PETUOHW Ha TOTPEOUTENICKUs WHTepderc.
Pemennero xpae TpsOBa ma ObJe MOCTAaBEH JajJe€H €JIEMEHT CE€ B3MMa OT KOHKPETHHUS OOEKT-
00paboTurk Ha 6a3ara Ha CBOWCTBATA Ha MOAAJCHHS 32 00pabOTKa OOEKT.

OCHOBHHUAT HENOCTaThbK Ha MIa0loHa € HeOoOXOAMMOCTTAa BCEKM KOHKPETEH OO0CKT-
00paboTYHK J1a 3HAe KO € CIeBalmsiT 00eKT-00padoTUHK 110 BepUrara, KOeTo Hajlara mpoMsiHa Ha
KJlacopere Ha oOpaborTumnure (HekenaH e(eKT), KaTo MM C€ JaJie¢ BB3MOXKHOCT CIICABAIIHST
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0o0paboTurk a ObJIe TBHPIO KOIUPAH B Kiaca (CHIIHO OOBBpP3BaHE) WM J1a ObJIe WHKCKTHPAH OT
00eKTa-moTpeOnTENl Ha BepUraTa OTTOBOPHOCTH (CHITHO OOBBP3BaHE MPU 00EKTA-TIOTPEOUTEN).

I1. Texopartop

»JlekopaTop® e mabioH, MO3BOJsABAl] JUHAMHYHO Bb3JIaraHe Ha OTFOBOPHOCTU HA JaJeH
o0ekT. J[ekopaTopuTte ca rpBKaBa ajlTepHATHBA HA CH3JaBAHETO Ha MOAKIACOBE MPHU pa3IIUPsIBaAHE
Ha ¢yHKIIMOHaTHOCTTA [1].

[[Ta6GnoHBT ce HM3MON3Ba, KOTaTO € HeOOXOAMMO MPO3pavyHO Ja ce J00aBsIT WM OTHEMar
OTTOBOPHOCTHU M 3aJbJDKEHUS KbM JaJIeH 00CKT 10 BpeMe Ha ynoTpebda. ,,Jlekopatop® ce usmnomnaspa
M KOTaTo Pa3IIUPSBAHETO Ype3 HACICASIBAHE € HEMPAKTUIHO (HAIpUMep KOTaTO BOIM JI0 CKCIUIO3HS
OT KJIaCOBE).

VYnorpebara Ha JEKOpaTOp BOAM A0 IMO-TOJSIMA T'bBKABOCT B CPaBHEHHE CHC CTATHYHOTO
Haclle[siBaHe, H30srBa Ce TMPETOBAapBaHETO HAa KJIACOBETe B HepapxusATa H KaTro IS0
OOCKTHOOPUEHTUPAHUAT JU3alH CTaBa CHCTABEH OT MHOXKECTBO MAJIKM KJIacoBE B IUIATKA
Hepapxus, KOETO yJeCHsSBa MOJYJIHOTO TECTBAaHE M MPOMSIHATA W TOJIPHKKaTa Ha KOJa B
MOCTIC/ICTBHE.

Haii-uecto mabnonst ,,JlekopaTop® ce u3moi3Ba, KOraro € Heo0Xoaumo aa ObAe pas3lIupeH
KJIac, KOMTO BeYe € 4acT OT ChIIECTBYBAIllA HepapXusl U UMa HACIICTHUIIN W/UIIM HACIEIIBAHETO MY
€ HeBBb3MOXKHO. ToraBa, BMeCTO Ja ObJie HaclelIeH, KIachT ce ,,JIeKopHhpa““, KaTo 3a OOEKTHTe-
MOTPEOUTENN Ha TO3U KJIaC AEKOPATOPbHT € Mpo3payeH (T. €. Te TO ,,BUKAAT* KaTO 00EKT Ha IEIEeBHS
KJIac).

[Ipumepna ymoTpeba: na ce [OEeKOpUpaT OTIACIHUTE aJanTepyd Ha KOMIIOHEHTUTE 3a
oTpeOuTeNcKu UHTepdeiic ¢ GQYHKIIMOHATHOCTUTE, HEOOXOIMMH 3a J1a y4acTBaT TE3U KJIaCOBE BHB
BepHUTra OTTOBOPHOCTHU. Taka MpUIIOKHUAT HHTePEIC Ha aJanTepuTe OCTaBa HEIIPOMEHCH.

III. MHokeKkus Ha 3aBUCMMOCTH

Wmxexusara Ha 3aBUCUMOCTH € I11a0JIOH 3a JIM3aiiH, MO3BOJISIBAIL Pa3JeIsTHETO HA MTOBEICHUE
oT pe3ononus Ha 3aBucumoctute [3]. [a0noubT € crnenuduyHO MpOsSBICHUE HA MPUHIUIA Ha
oOpbIlane Ha KOHTpona [4].

[[Ta6GnoHBT ce U3Mo3Ba, KOraro JaJeH Kiac UMa HEOOXOJUMOCT OT pedepeHIINH KbM APYru
KJIaCOBe, 32 JIa U3MBJIHU 3aIbJDKEHUATA CU (WM 32 Jla oIpeenu noseaeHueTo cu). [Ipu Hopmanau
00CTOSITETICTBA KJIAChT caM TPsiOBa J1a MPOBEPH Al BCUYKU BHHITHU OOCKTH Ca Ch3IaICHU U Jalln
ca B IPAaBWIHOTO CHCTOSHUE, KAKTO M Ja cb3jaze KoMmmosupanutre obexktu. C momoirra Ha
WHKEKIMS Ha 3aBUCUMOCTH Ta3M Tprbka CE€ Bb3Jara Ha BBHIIEH KJac, KOWTO MMa 3a el Ja
MOAbPKa CIUCHKA C Bb3MOXKHU PE30JIIOINH U J]a MHKEKTHPa (71a TPUCBOU Ha CBOMCTBO, MOJIE UITH
apryMeHT Ha KOHCTPYKTOP WJIM METOJ) ChOTBETHUTE WHCTAHIIMH, KOTaTO € He00X0quMo (Hail-uecTo
MIPY KOHCTPYUPAHE Ha IICJICBUS OOCKT).

[Ipumepute 3a ynorpeba moraT Ja ca MHOIO, Thbi KaToO BCEKM OT CIy4auTe, KOraTo Ja/ieH
KJIac MMa 3aBUCUMOCT OT JPYT KJIac, MOXe J1a Ob/ie U30JIMPaH Ype3 MHKEKTUPAHE HAa 3aBUCUMOCTH.
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IV. UnxkekTHpaHa Bepura 0TrOBOPHOCTH

WnxexTupana Bepura OTTOBOPHOCTH € ChUeTaHUE Ha IIA0JIOHUTE ,,BepUTra OTTOBOPHOCTHU,
,,JI€KOpaTop™ W ,MHXKEKLUMs Ha 3aBUCUMOCTU'. YYaCTHUIIUTE BBbB BEpUra OTFOBOPHOCTH ca
JIEKOpUpaHU, KOETO I03BOJISIBA WMHXKEKLHS Ha CleABalllds €JIEeMEHT OT Bepurata OTBBH, a

Y4aCTHUOUTE HAMAT 3HAHUEC, Y€ YHaCTBAT BB BEpUTra OTTOBOPHOCTH.
HpI/IMCpHa JuarpaMa Ha KJIaCOBE€TE, ydaCcTBalllu B H_Ia6JIOHa, € II0Ka3aHa Ha (I)I/Irypa 1.

lﬁ
gt
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||
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Nl P sReETE
Emndipr = poofsiner. Fxachey < [Headim = {Epil =] ©

é

ed injected-chain-of-responsibiiities |

@ur. 1. /lnarpama Ha K1acoBeTe B 1a0JI0OHa "WHKEKTUpaHa BEpUra OTTOBOPHOCTH"
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LleneBute xmacoBe wummiementupar I[Handler wunTepdeiica, koiito neduHupa HIKakBa
orepanusi, KosITo TpsioBa 1a ce u3Bbpun. MaTepdeiichT e mabaoHeH, a mapaMeTbpbT ONPenes KOs
OT KOHKPETHHUTE HMMIUIEMEHTaluu TpsioBa na ce m3nois3Ba. IChainStep nacnmenssa IHandler u
CBIICBPEMEHHO KOMITO3Upa HeroBa uHCTaHIMsA. KonkperHata ummuiemenrtanusi Ha IChainStep
W3BBPIIBA MPOBEpKAa Jald TEKyIlara WHCTAaHIUS Ha OOeKTa OT Bepurara € MOAXOZsIa 3a
M3ITBJIHEHHE W B 3aBHCHMOCT OT pe3yJliTaTa IpejaBa YIPABICHUETO WM HAa KOHKPETHHS LEJIECBU
KJlac, WU Ha ciensamus kinac ot Bepurara. [ChainStep cwimio e mabnoHeH, a gBata Kiaca -
TEKYIIMSIT M CIEIBalIUAT Ce€ TMoJaBaT KaTo MapameTpu. Bepurara ce opraHusmpa upes
pEerucTpalunTe B KOHTEHHEpa 3a MHXKEKIIHMS Ha 3aBUCUMOCTH, KaTO Ha BCSAKA €/IHA CThIIKAa MOXeE Ja
ce perucTpupa Kakto KoHkpeTHara umiementanus Ha [Handler, Taka u ChainStep, kaTo B mbpBuUs
Cllydaii Bepurara Iie ce IpeKbCHe.

Bepurara otroBopuoctu ce opranusupa ot IChainStep, xoiiTo chabpka pedepeHIus KbM
clenBaliysl M3MBIHUTEN. Ta3u UWHCTaHIMS C€ HHXXEKTHpa MpH HHCTAaHLIMpaHe Ha KJjaca,
umiiementupain IChainStep. Ot apyra ctpana, IChainStep e nekoparop Ha [Handler u chabpixa
pedepeHLis KbM KOHKPETHHS IlelieBU Kiac. ToBa TMO3BOJSBA MpO3payHa pPErUcCTpalus B
KOHTelHepa 1 B3anMo3amensieMocT Ha IChainStep u3mbiaHUTENNTE 1 KOHKPETHUS LIEJIEBH KJIac.

B KoHTeKcTa Ha aJCHUTE MO-TOpe MPUMEPH, WHKEKTHpPAHa BEPUra OTTOBOPHOCTH MOXKE Ja
Ce W3IOJI3BA B KIMEHTCKUTE TPHIIOKEHHS 3a PE30JIONHS HAa KOMIIOHEHTH OT IOTPEOUTENCKHUS
uHTepdeiic. KimmenTckuTe npuiiokeHus yecto ce 0azupar Ha IpUiIoKHAa OOBUBKA, U3TPaJeHa KaTo
KOMITO3UTHO MpHIIOKeHHe. KOMIO3UTHUTE PUIIOKEHHUS €€ CHCTOST OT MHOKECTBO MOJIYJIH, BCEKU
OT KOHTO MOXXE€ Ja PETHCTPHpa KOMIIOHEHT Ha MOTPEOUTENCKUS MHTep(delc B ompereneHuTe 3a
LenTa peruoHu. Permcrpanumsara craBa ype3 KOHTEHHEpP 3a MHXKEKIMS Ha 3aBUCHUMOCTH. [Ipum
HOpMajHa ymnorpeba BCEKHM OT MOIYIUTE, PErHCTPUPALIN KOMIIOHEHTH Ha MOTPEOUTENCKUS
uHTepdeiic, TpsaOBa aa ObAe CHIIHO OOBBpP3aH ¢ OMOJMOTEKHUTE, M3IOJI3BAHU 3a MOTPEOUTEIICKUS
untepdeiic - HexxenaH edekT, 3apaju KOWTO MNpUIIOKEHHUsATa Ouxa 3aryOunu r'bBKaBocT. Upes
no0aBsHE Ha JONBJHUTENHA aOCTpakmus - aOCTpakTeH CJIOH OT KJIacoBe, OMUCBAIIU
norpedurenckus uHTEpdeic (6e3 mpsako rpaduuHO H3pAKEHHUE), MOXKE Jla CE IOCTUTHE ITHJIHO
pasnensHe Ha BU3yalnu3alus OT JOruka (B ciiydas OT KOHCTPYKIHSITa Ha KOMIIO3UTHOTO
npuiiokenue). Beeku Moayn, koiTo g06aBsi OubnuoTeka 3a morpedutesncku uaTepdeiic, TpsdBa ga
n00aBU U aJIalTepH 3a KJacoBeTe OT aOCTPaKTHHsS CIOW. 3a Jla ce pEerucTpupar Te3H aJanTepu 3a
PE30IIONMS, MOXKE Jla Ce M3IMO0J3Ba MHKEKTHpPaHa BEpUra OT OTTOBOPHOCTH. Taka KOHKPETHHUTE
ajlanTepu ,,ce MHTEPECyBatT™ caMo OT COOCTBEHHTE CH 33bJDKCHUS, a caMaTa BEpUTa OTTOBOPHOCTH
MOXe Ja ObJe TMpeHapeieHa OT MOJYJIHTE 4Ype3 NMPOMSIHA Ha PErucTpaluuTe B KOHTEHHepa 3a
WH)KEKIMS Ha 3aBUCUMOCTH. Moynute BhoOIIe HAMa a UMaT U He TPsOBa a MpUTEeKaBaT 3HAHHE
3a HM3MOJI3BaHATa OOBHMBKA 3a IMOTPEOUTEIICKM HHTepderic, a OMOIMOTEKUTE 3a MOTPEOUTEIICKH
uHTepdeiic HAMa 1a UMaT ¥ He TPsOBa J]a MPUTEKABAT 3HAHKUE 33 U3IOI3BAIINTE TH MOIYIIH.

V. 3akio4yenue

Ynorpebara Ha mabyioHa ,,MHKEKTUpPaHa BEpUTa OTTOBOPHOCTHU“ TI03BOJISIBA IIBJIHO pa3JieisiHe
Ha JIOTHYECKUTE MOJYJIW Ha JAJCHO MPIJIOXKEHUE OT KOHKpPETHATa TEXHOJIOTHS, M3MOJ3BaHa 3a
u3rpaxaaHe Ha noTpedutenckus uHTepdeiic. ToBa ynecHsBa MUrpanusTa Ha TPUIOKEHUATA KHM
ApYr BHJ TOTPEOHMTENICKH MHTEpdeic, MOAIphKKATa U IOCIEABANI0 PAa3BUTHE HA MOAYIUTE U
MIPUJIOKEHUETO KaTo II5U10.
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[IlabmoHBT WMa TPHIOKEHHE HABCIKBIE, KBICTO € HeoOXomuMo Jnaa ce wu3derHar
HEJOCTAaTHIMTE HA KIACHUYSCKHS MAOJIOH ,,BepUTa OTTOBOPHOCTH , KAKTO M KOTAaTO € HEO0OXOIUMO
KOHKPCTHUTC KJIACOBEC, YUaCTBAIllK BbB BEpUraTa, Aa HC 3HAAT 10 HUKAKbB HAYUH 3a Y4aCTUCTO CU B
Hes.

baaromapaocTun

Ta3u crarus e nmyOGnukyBaHa O6jarofapeHue Ha npoekT ,lloakperna Ha TBOPUYECKOTO pa3BUTHE
Ha JOKTOPAHTH, MOCT-IOKTOPAaHTH M MIIAJAM YYEHHM B 00JIaCTTa HAa KOMIIOTBPHUTE Hayku', No
BGO051P0O001-3.3.04/13.
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MUKPOKOHTPOJIEPHO YIIPABJIEHHUE HA IBUKEHHUETO
HA MOBMUJIEH POBOT B JIABUPUHT

Bennucnas L. I'eoprueB Ilosio T. ['eoprue Cana W. lBanoB

Pe3iome: B cratusara ce pasriexna HauMHA Ha OpraHM3anus Ha oOpaTHAaTa BpHb3Ka Ha CHUCTeMara 3a
MUKpPOKOHTPOJIEPHO YIpaBIeHHE JIBHKEHHETO Ha MOOWJIEH poOOT B jaOupuHT. OmHcaHoO € BBTPEHIHOTO
nepudepHo yCTpoiicTBO aHanoroBo-imppoB mnpeodpasysaren (AIIIl) Ha mukpoxontponepa ATmegal28,
KOETO Ce M3IOJI3Ba NP M3MEPBaHe Ha Pa3CTOSIHUATA MEX Ty poOoTa U CTeHHTE Ha nabupuHTa. [Ipencrasen e
Y allTOPUTBMBT Ha yIpaBicHHEe, Oa3upalll ce Ha peryiatop ¢ npomennuBa crpykrypa (PIIC), Bximousain
MPOTNOPLMOHANIEH PETYIATOP M HAKOJKO (PUKCHPaHU CTOWHOCTH Ha YIPaBIISBAIINS KO,

MCU Control of Maze Solving Robot
Ventsislav Ts. Georgiev  Tsolo T. Georgiev = Sava l. Ivanov

Abstract: How to organize microcontroller control with feedback of maze solving robot is presented in this
paper. It is described how Analog to digital converter (ADC) unit of MCU Atmegal28 works. ADC is used
to measure the distance between the robot and the walls of the maze. The main algorithm is presented. It is
based on a controller with variable structure that consists of P controller and some fixed values of the control
code.

1. ITocTanoBKa HA 3agayara

CrpliecTByBaT pa3inyHU pa3paOOTKU Ha TaKbB TUIl poOOTH. B 3aBUCHMOCT OT TOBa C KakBU
3a/IBIKBAIM MEXaHU3MH Ca T€ U ¢ KaKBU JATUYMIM paslojarar, Te MoraT Jia peliaBaT pa3jiudHy 1o
cioxHocT JabupuHTH. OCHOBHara el € poOOThT Ja MOXKE aBTOHOMHO Ja NpEeMUHE Ipe3
HEMO3HATH JJAOMPUHTH 3a Hali—KpaTko Bpeme. Ha ¢wur. 1 e mokazana 61okoBara cxema Ha OTIMCAHHS
B Ta3u CTaTHs poOOT, MpEeMHUHABAILl TIPE3 TAOUPUHT.

Jpuraren 1
€3
Br
e =
£q L.
= 1, “
g :: a1 | MHEEPOKOHT]0IIE]D - Jpaiieep
S& | Amamoros “| | | ATmegal28 L293B
é\ Y CHTHAIH
¥
Jpuraren 2

dur.1

2. Opranu3anus Ha o0paTHaTa BPb3Ka 32 yIpaBJieHHe HA MOOWJIHHMS POOOT M anlapaTHa
peau3alnus Ha KaHAJIa 3a yIpaBJeHHe

N3nom3BanuTe parunnu ca Ha pupmara Sharp, moxen - GP2Y0OA21YKOF. Tosa ca matuuiu
3a pascrosHue. ChcTaBeHu ca OT onThueH fartyuk 3a nozunus (OIN), madpavepBen cBeroanon
(MYC) u cxema 3a 00paboTka Ha curHaia. Ha ¢ur. 2 e npencraBeHa 0J0KOBa cxema Ha JIaTYUKa.
Kato wu3xoneH curHam JaTYMKBT I10JaBa HAMpPEKEHHE, ChOTBETCTBAIO HA PAa3CTOSHUETO Ha
Hamupaius ce npea Hero o0ekt. [lo karanoxHa nHGOpMaIUs Ha JaTYUKa TOW MOXKE J1a U3MEpBa C
Hal-TOJIIMa TOYHOCT OOCKTH Ha paszcrtosHue or 10 — 80 cm. [IpenmopbuMTENTHOTO 3aXpaHBaIIO
HampeXkeHue 3a natuuka e ot 4.5 — 5.5 V, a koncymanusra My Ha Tok € okoso 30 mA. Ha ¢ur. 3 e
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naneHa rpaduka, mMoka3Balla CbOTHOLIEHHUETO MEXAY H3MEPEHOTO PAa3CTOSIHHE M H3XOJHOTO
HAIMPEKECHUE OT JATUHKA.

@OopMUpAHUAT aHAJIOTOB CUTHAJI OT JATYUIMTE C€ I0Jl1aBa KbM MUKPOKOHTpoJiepa. 3a Ja ce
00paboTH TO3M aHAJIOTOB CUTHAJ, ce Hajara mimnon3Banero Ha moayn ALl (AnamoroBo-Lludpon
[Ipeo6pasysaremn).
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MuxkpokonTponepbr ATmega 128 e cHabmen c¢ 10-OuToB  aHanoroBo—udpos
npeoOpasyBaren. Toil € CBbp3aH KbM 8—KaHAJIEH aHaJOroB MYITHUIUIEKCOP, YHUTO OCEM
€/IHOIOJIIPHU BXO/I0BE Ca CBbp3aHU KbM IMHOBETE Ha nopT F.

Monyn ALII uma cxema 3a cnenene — 3anomusine (CC3), KOATO MOAABPKa HA TOCTOSIHHO
HUBO HAIIPEKEHHUETO Ha BXOJa 10 BpeMe Ha npeodpazyBaHeTo. To3u MOy UMa OTJENICH aHaJIOTOB
n3Boa 3a 3axpanBane — AVCC. AVCC He TpsiOBa na ce ornnuaBa noseue oT = 0.3 V ot V. B
KAauecTBOTO Ha BBTPEILIHO ONOPHO HAIPEKEHHWE MOXE Jla C€ M3I0J3Ba WM HANPEKEHHUE OT
BBTpPEILEH M3TOYHUK Ha omopHOo HampexkeHue (MOH) na 2.56 V, unu nanpexenne AVCC. Ako
TpsiOBa 1a ce nznonssa BeHIIEH MOH, TO TO# TpsiGBa na Obae nmomanen kbM u3Bona AREF.

Monyn ALII npeoGpa3yBa BXOAHOTO aHAJIOTOBO HarpekeHue B 10-OMTOB JBOMYEH KOJ MO
METO/Ia Ha MOCJIE0BATEITHOTO MpUOIImKeHne. MUHIUMAaTHATa CTOWHOCT ChOTBETCTBA HA HIBO GND
(0 V), a makcumannata Ha HUBO AREF munyc 1 mnanmm paspsan. Onmuonantno, kM uzBoga AREF
Moke na Owae cBbp3ano HampexkeHnero AVCC wm Berpemier MOH (2.56 V) upes 3ammc Ha
cbOTBeTHOTO 3HaueHue B OutoBe REFS1:0 na peructsp ADMUX.

Monyn ALII uma 4 perucrbpa:

* Peructobp Ha pesynrata — ctapuu 6aidt (ADCH);

* Peructbp Ha pesynrara — muaamm 6aiit (ADCL);

* YpasnsBai peructbp (ADCSRA);

* Peructop Ha myntumiekcopa (ADMUX).

AULIT renepupa 10-0uTOB pe3ynraT, KOHTO Ce MOMECTBa B JBOWKAaTa PErHCTPH 3a JaHHU
(ADCH u ADCL). [To nmoxpa3bupane pe3yntaTbT OT npeoOpa3yBaHeTo ce 3amucBa B Miaamute 10
oura Ha 16-0OutoBata nyma ADCH:ADCL (msicHO opreHTHpaH), HO TOH MOXe Ja 0b/ie pa3MeCTeH
(onuumonanuo) B crapmute 10 Outa (JIIBO OpHEHTHpPaH), Ype3 yCTaHOBsABaHE B ,,1”” Ha 6ut ADLAR
ot peructbpa ADMUX. Ako pe3ynTarsT € JIIBO OPUEHTHPAH U HsAMa HYXJa OT TOYHOCT IIOBEYE OT
8 OuTa, € HeOOXOAMMO JIa ce YeTe caMo ChabpkaHueTo Ha peructbp ADCH. B mpotuBen ciyuyaii e
HE00X0IMMO TBPBO J1a ce ueTe ChabpxkanueTo Ha peructbp ADCL, a cinen ToBa na ADCH, koeto
rapaHTupa, ue aBara Oaiita ce SBABAT pe3yaTaT Ha €JHO U ChIIO Mpeodpa3zyBaHe. AKO ce€ U3IBIHU
camo verene Ha ADCL, ce 61okupa AOCTHIBT J0 JAHHOBUTE peructpu ot crpaHa Ha ALIIL. Cren
yereHe Ha ADCH, noctensTt 1o peructpure ADCH u ADCL or ctpana na ALl orHOBO ce
paszpelasa.

3a mpaBWIHO aHajIoroBo—IMpoBo mpeolOpa3dyBaHe TpsOBa Aa ObAAT CHa3eHU CIEAHUTE
CTBIIKHU:
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1. HacrpoiiBar ce 6uroBere Ha peructbp ADMUX B 3aBUCHMOCT OT U3TOYHUKA HA OTIOPHO
Hanpexxenue 3a AIlll, or HaumHa Ha mpeacTaBsHe Ha UUPPOBHUS OTYET (JIABO WM JSICHO
MOJIpaBHEH) U HAYMHA 332 U300p HA AHAJIOTOBHS KaHAI U KOS(UIIMEHTHT HA YCUIIBAHE.

2. Hacrpoiika 6uroBere Ha ynpasisBanus peructbp ADCSRA:

- HacrpoiiBar ce OutoBere ADPS2:0 3a u36op Ha TaktoBa uecrora 3a ALIIIL;

- YcraHoBsiBaHe B Jlornyecka ,,1” Ha out ADIE 3a pa3pemiaBane pexuma Ha IPEKbCBAHE;

- YcraHoBsiBa ce B jorudecka ,,1” 6ut ADEN, 3a na ce paspemu uznonzsanero Ha ALIL;

- YcraHoBsiBa ce B JIorH4YecKa ,,1” out ADSC, 3a na ce naje Hadano Ha mpeodpa3yBaHETo.

3. PesynraTsT OT mpeoOpa3yBaHeTo ce moiay4yaBa oT aBoiikata peructpu ADCL u ADCH
i ot 16 butoBata tyma ADCW.

ArmnapaTHara peanu3alys Ha KaHaja 3a YIOPaBJIEHUE € OCBILECTBEHA 10 aHAJIOIMYEH HAa4YMH
KaKTO MPH YIPaBIECHUETO HA poOOTa, CIEAAI JIMHUS, U TIOAPOOHO € pasrienaHa B [1].

Ha 06a3ata Ha momydeHata WHGOpMANUS OT AATYUIUTE M HEHHOTO aHAIOTOBO—IHU(POBO
npeobpaszyBane ce reHepupa LM curnan, koiTo ce mojgaBa KbM CHIIOBHS mpeoOpa3yBaren, a oT
TaM U KbM JIBUTATEITUTE.

3. AIrOpUTMH M IPOTrPaMH 32 YIIPABJICHHETO HA JIBUKEHHETO HA MOOWJIEH podoT B
JAOMPHUHT

ChIecTBYBaT MHOKECTBO aJITOPUTMH 3a YIpaBICHHWE Ha poOOTH, pelIaBaly JaOUPUHTH.
OcHoBHaTa 1en € Aa ce u3depe IhT, MO0 KOWTO Ja Ce JOCTUTHE MaKCUMalHO OBp30 KpaiHara
AecTHHANMs. Bh3MOKHOCTUTE 32 M300p HA aJTOPUTBM Ca OTPaHUYEHH OT TOBA C KaKBU HAJMYHH
CpPEICTBa pa3mnojaraMe 3a M3rpakJaHeTO Ha poOOTa M C KakBa CIOXKHOCT € JaOMpUHTHT. BaxkHu
¢dakTopu ca TUOBT M OpOSAT HA JATYMLUTE, KAKTO W BHIBT Ha 3aJBIDKBAIUTE MEXaHU3MHU.
OOHMKHOBEHO Ce M3II0I3BaT ONTHYHU AaT4viy 3a pa3sCTOAHUC, a 3aABHXXBAIUTC MCXAaHU3MHU MOraT
na ObJaT WM ChC CTHIIKOBH JIBUTATEIH, HIIH C TIOCTOSTHHOTOKOBH.

Ciay4aeH aJaropurbsm

Haii—mipocTaT anropuTbM 3a peniaBaHe Ha JaOUPUHT € ciaydailHuAT anropuTbM. Wnesta e
poOOTHT @ ce ABIKM HANpea W MPH JOCTUTAaHE Ha MpPEerpaja Ja B3eMa MPOU3BOJIHO pEIICHHUE
HaKb/e Ja 3aBHe. TO3U THII allTOPUTHM € C JOCTa OTPAHUYEHH BB3MOXKHOCTH M HE € TPHIIOKHM 32
I10—CJIOXKHHU Ha6I/IpI/IHTI/I, B KOHUTO BCPHHAT IIBT € B MCKIWHCH OTBOpP, MNPECAU AJOCTUTI'aHC Ha
nperpaja.

AaroputrbMm ,,HaBognsaBane”

To3u anropurbM ce U3MOI3Ba IpU ChCTE3aHMs 3a podoTH ,,Micromouse”. MImero Ha TO3M
AITOPUTBM HJBa OT WAEATA, 3aJ0KEHAa B HEro, a TS €, Ye aKo 3alovHeM Jla IBJIHAM C BOJA
naOupHHTa OT HayajgHaTa JECTUHALMs, TO Hali—KpaTKUiT MbT A0 KpailHara JecTHHaUMs 1e Obae
M3MUHAT OT IThpPBaTa Kalka BO/a, KOSTO JOCTHTHE 10 TaM. POOOTHT pazens 1adupruHTa Ha KIETKH,
BCSIKa ChOTBETCTBAILA HAa €AMH X0, 00X0X/1a (,,HABOAHSABA ) IO U 3allOMHs HaH—KpPaTKUAT BT 110
¢unana (ur. 4). 3a na Opae peanmszupaH TO3M AITOPUTHM, TpsiOBa Ja MMa BB3MOXKHOCT 32
3allOMHSIHE JIBM)KEHHETO Ha poOoTa B JabupuHTa. ToBa OM MOIJIO /1a CTaHe, caMO aKo CE U3I0JI3BaT
CTBHITKOBH JIBUTATENIN WM CEPBOMEXAHU3MH 32 3aJIBIKBAHETO.

AJITOPUTHM Ha JIsiBa pbKa / ICHA pbKa

[Tpu TO3M anropuThM ce M30Wpa JisiBa WM JIICHA IMOCOKA 33 MPUOPUTETHA MPH B3EMaHE Ha
pelieHue 3a 3aBoi. To3u alropuThM € U3BECTEH OIlle KaTo MPaBUIIO 3a CJIe/IeHEe Ha JIsiBa WU JsICHA
CTCHaA. HpI/IHHI/IHT)T € CJIICOHUAT. pO6OT’I)T CC JIBMXM HAINpCA M aKO BUIAMW OTBOP B 3adaJcHara
MIPUOPUTETHA MTOCOKA, TOM 3aBUBA. B MpOTUBEH cilydail TOM ce IBUKH /10 JOCTUTaHe Ha Iperpajga u
ako HE ce € OTBOpWJIa BB3MOXKHOCT 3a 3aBOW B IPUOPUTETHATA IIOCOKA, TOW IpOBEpsBa
BB3MOXHOCTTA 32 3aBOM B 0OOpaTHATa MMOCOKA, aKO U TaM HIMa Bb3MOXHOCT 3a 3aBOM, TO TOU TpsiOBa
11a ce BbpHE 00paTHO.

18 1 2011 KOMIIOTBPHY HAYKU U TEXHOJIOIUH



Peanu3upaHusT B Ta3u CTAaTHs aITOPUTHM 3a PElIaBaHe Ha JIAOMPUHTA € TO3HU C MMPABUIIOTO HA
nsBata / IscHaTa pbka. B 3aBUCHMOCT OT 1abupuHTa MOKe J1a Obae n30paH pesxuM (TMoArporpama)
Ha JIsIBa WM Ha JIICHA PBKa.

6 7 8 9 10
5 4 1
Kpait
2 3 4
3
5 6
Hauvaxno
Dur. 4

VYupasnenuero ce 0Oasmpa Ha peryimatop ¢ mnpomennuBa ctpykrypa (PIIC), BxirouBa
IIPONOPLIMOHAJIEH PETyIaTOp U HAKOJIKO (PUKCHUpaHU CTOMHOCTH Ha yIpasisBaIius Koj (pur. 2).

VYnpassBamute kogoBe Uk M1 u Uk M2 3a ymnpasnenue Ha /{1 u /|2 npu cma3Bane Ha
IPaBUJIOTO Ha JSICHaTa pbKa C€ IOJy4aBaT OT MPOTrPaMHO pEAM3UPAHUTE PEryslaTopu c
IIPOMEHJIMBA CTPYKTYpa, KOUTO CE OMKUCBAT ChC CIEAHUTE (HOPMYJIU:

=K1, nocoka Ha BbpTeHe-o0paTHa npu XD! < L 1-3a60ii na 15160 unu odpamen 3asoii

AL
= —XDo - DI DO —
Uk Mi= m+kp(X3 Al X ALlH)’ MOCOKAa Ha BbPTEHE-IpaBa npu X AI_1H>L1 n X AI_IHZX3 ALl ()
08UdHCEHUE NO 0Ce8ama JIUHUSL HA KOPUOOP Om 1aOUpuHma
= - DI DO - Y
=K2,nocoka Ha BbpTEHe-npaBa npu X o >LIuX AHH2L2 3a60U Ha OSICHO
=K1, nocoka Ha BbpTEHE-00paTHA NpU Xghn< L1-3aso1ti na nsa6o unu obpamen 3asotl
= —XDo - DI DO -
Uk M2 - m+kp (X3a7—X Pt ), IOCOKa Ha BbpTEHE-IIpaBa npu X ALIrI>L1 uX AHHZX3 ATl @)
08udIcenUe No 0cesama JUHUL Ha KOPUOOp OM 1aOUpuUHma
= - DI DO - y
K3,nocoka Ha BbpTeHe-IpaBa npu X hn >L1lu X AL[HZLz 3A801 HA 0SICHO
KbJIETO

u(k) e U3uncIeHOTO B TEKYIIMSI TaKT YIPABIsABALIO Bb3/IEHCTBUE;

m - KOHCTaHTa, ONpe/eNsAlla HaYaIHOTO ChbCTOSHUE Ha IIMPOYMHHO UMITYJICHUS MOJYJIaTop;
kp, - KOe(UIIUEHT Ha NPONOPLUOHATHOCT;

e(K) - CTOMHOCT Ha rpelikaTta Ha CUCTeMaTa B K-TUs TaKT.

Ha Ga3aTa Ha TecTOBE U M3YHCICHUS Ce N30MPAT MOAXO SN CTOHHOCTH 3a:
- Xsax (pazcrostariero ot DO um D2 10 cTpaHUYHUTE Iperpajm);
- KoepuueHTHT Ha perynaropa Kp;
- xouctanture K1=900, K2 =450 u K3=1023.

Ha 0azara na ypaBHenus (1) m (2) e paspaboreHa OJOK cxemaTa Ha ajlropuThbMma 3a
YIIPaBJICHUETO HA JABMKEHUETO HA MOOWIHUS poOoT ¢wur. 9.

[To anamormueH HAYUH MOXE Ja ce JeUHUPAT ypaBHEHHUATA 3a OINpeAeisHE Ha
YIPaBIISBAMTE KOJIOBE, HEOOXOIUMH 3a YIPABICHUETO HA JIBUTATEIIMTE HAa poOOTa TpHU Clia3BaHE
Ha TIPAaBHJIOTO Ha JisiBaTa pbka. Ha 0a3aTa Ha Te3W ypaBHEHHUS C€ peaju3upa alrOpUTHMbBT, TaJCH
Ha ¢ur. 10.

Ponsita Ha perymatopa B ciydas € Ja JIbpXKH POOOTa Ha pa3CTOSHUE OT CTCHHUTE B
nabupuHTa, 3a J1a MOXE Ja C€ W3MBIHU HM30paHHAT AJIrOPUTHM 3a TPEMHUHABAHETO MY IIpe3
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nabupuHTa. B 3aBHCHMOCT OT OTKJIOHEHUETO TPH JIBXKCHHETO Ha po00Ta ce reHepupa yrpaBIisBalll
koJ (Ug; u Uyy), kolTo cimyxu 3a popmupaneto Ha [IIMM curnai, KoiTO MbK yImpaBisiBa CHIOBHS
npeobpaszysaren (CII), 3axpanBam nsuratenu (1 u J12). [laTunmuure 3a MONOXKEHHE BPBIIAT
nH(popManus, MUHaBAIIA mpe3 Jjorudeckus 010k (JIB) u cirykemna 3a yrpaBieHHETO Ha poOoTa.

.
maif

Obpriare KEM Dognporpama ADC

38 MoNyHaBaHe Ha UHQpoBHTE oTHETH
HHHL{H&J’IHB&HHH Ha IopT F s BPE3EA C JaTHHIHTE OT TPHTE BaTHHKA 38 pasToAHHE

:

Flag_tnaze_left=17
Huunuoammsanua za taitmep/bpom1(T/CT)
u ATIIT
& ObpLIlade KEM DoqOpolpama sa pelHsHpaHe Ha
YOpaENeHHE 00 IABa pbka: regulator_maze_ left])
Huanpnammsanua ga LCD gucnnedt i__

'

Pa.SPE!LHE!HHE! Ha rnobanHoTo IPLEKECEAHE

Flag_maze right=17

|
Ly

OBpBIfale KEM DoLIfolbanMa 2a pelHsHpale Ha

HE

yOpaBleHHE Do IABa phka: regulator_maze right()

Jir OCR1A=M1
OCRIB=M2

Hspexnane ga texct #a LCD gucnnea

dwur. 6 dur.7

| H360p Ha KaHan

¥
CTapT Ha Aﬂﬂ

ado_datal1]=ATC
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3hin £2707
. *B, 2707

3anapaHe Ha TOCOKATA HANPES N "
Janapane Ha Mocokara " HaTpem
Ha IEHECHHE 3a JBuratend 1 u 2

¥

JamaEane Ha CTOHHOCTTA
Ha VIpapIABAIHA KOT

Ha IEHEEHHE 34 OEHraTend 1 2.

¥

BBJIEBaHE Ha KOHCTAHTHTE Ha

Tpemana Ha NOCoKATA HA
erprene Ha M1

PETYIATORA

HpOMF{Ha Ha MOCOEATa Ha
ErpTeRe Ha M2

Tk _11= 900
Tk_M2 = 900

Uk 11=900
Tk_M2 =300

Il
L <1507

X2 <3007 X g £3007
Jiry L

Tk_M2 =450 Uk_M1=450
Uk_M1=1023 Uk_M2=1023
’l: la
dur. 9 ®ur. 10

Ha ¢wur. 6 e nagen anropuTbMbT Ha INIaBHATA MIPOrpaMa 3a yrpaBieHne Ha poboTa, a Ha (ur.
7 e nanmeH alroOpHTBMBT 3a 0oOcCHyXBaHe Ha mpekbcBaHeTo oT T/CI, yupe3 KOHTO ce peanm3mpa
IIMPOYUHHO UMITYJICHUTE IIPeoOpaszyBaTenu, yrpasisaBaliu asurarenu 1 u 2.

Ha ¢ur.8 e mpencraBena 610k cxemara Ha anropuThMa 3a yrpapieHue Ha 10 outous AL
1 9 KaHATHUS MYJITHUILIEKCED C L€ MoTy4yaBaHe Ha HU(POBUTE OTUETH OT TPUTE AATUHKA.

Ha ¢ur. 9 u ¢ur. 10 ca nmokazanu OJOKOBUTE CXEMH Ha pEATM3UPAHUTE AITOPUTMH 32
yIpaBJICHUETO Ha poOOTa B JaOWPHUHT MO MPABUIOTO CHOTBETHO HA JSICHA pbKa M HA JisIBa pPbKa.
W3non3BaHuTe O3HAYCHUS B OJIOKOBHTE CXEMH ca OOSICHEHH MO—10iy (B CKOOWMTE ca NaJeHu
CHOTBETCTBAIIUTE O3HAUYCHUS B PEATU3UPAHUTE IPOTPAMH):

- DO — 1B naTyuk;
- D1 — npenen naruuk;
- D2 — necen naT4uK;
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- XR&H, XEIHH u Xiim (adc_data[0], adc _data[1] u adc_data[2]) — uudpoure

OTYETH OT aHAJIOTOBO — U(PPOBOTO MpeodpazyBaHe HA JATUUIIUTE 32 PA3CTOSHUE;

- Xsy (zad maze) — 3amaHMe 3a Pa3CTOSHUETO OT CTPAHUYHHUTE TMIPETPasu,
3aJIefCTBAIIO peryaaTopa;

- Uk M1 u Uk M2 (M1 u M2) — ynpaBnsBaii Koj, U3MOJI3BaH 32 TeHEPHPAHETO Ha
IIMM curnana KbM JBUTATEIUTE;

- M _MI1=900 u M_M2=900 (Speed maze M1 u Speed maze M2) — 3amaneHa
HayallHa KOHCTaHTHA CTOMHOCT 3a YMpaBJsSBaIlKs KOJ HA IBUTATEINUTE;

- Kp=3 (K maze) — xoepunrieHT Ha perynaTopa.

Ha 6a3zaTta Ha Te3m alropuTMH ca pealu3upaHu TIaBHATa Mporpama M MOJIpOrpaMuTe 3a

yIIpaBJIeHUE HA ABIKEHHETO Ha MOOMIIHUS poOOT B JIAOMPHHT.

4. Jakaouenue

Ha 6a3ata Ha anroputmure, naaenu Ha purypu 6, 7, 8, 9 u 10, e Hanucana nporpama Ha C 3a
yImpaBieHue Ha MoOmieH pobot, ¢ momomra Ha ATmega 128. Ot HanmpaBeHHUTE EKCIIEPUMEHTH Ce
J0Ka3Ba paboTOCIIOCOOHOCTTA HA AITOPUTMUTE U mporpamute. Pesynararure, molydyeHu B CTaTUATA,
e Ob/IaT U3MOJI3BAaHU B YUCOHUS MTPOIIEC.
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U3IbJIHUTEJHUTE YCTPOMCTBA KATO EJJEMEHT HA
KOMHIIOTHPHU CUCTEMMU 3A ABTOMATHYHO
YIIPABJIEHUE

Huxkona H. Hukonos, Butan C. lumutpos,
Mapuena U. Anekcanaposa, Ceernana [. CaBosa

Pe3iome: IlpencraBeHu ca anropuTMu Ha W3YHCIUTENHH OnokoBe Ha 1wmdposu I[IN]] perymatopu 3a
codryepHa peanu3alys B KOMIIOTHEPHH cucTemH 3a yrnpasierne (CAY). MaTeMaTH4ecKUTe 3aBUCUMOCTH Ca
W3BEJICHW B 3aBHCHMOCT OT HauWHa, M0 KOWTO Ce peaju3upar mbpBaTa M BTOpaTa MPOHM3BOAHA 32 TPHUTE
OCHOBHU BHJIa U3IIBJIHUTEIHN YCTPOUCTBA.

Executive Devices as a Component of the Computer System for Automatic Control
Nikola N. Nikolov, Vitan S. Dimitrov, Mariela I. Aleksandrova, Svetlana Savova

Abstract: Algorithms for computational blocks of digital PID controllers are presented. They are designed
for implementation of soft-computing applications in computer control systems. The mathematical
expressions are obtained depending on the way to realize the first and second derivative of the three main
types of executive devices.

YBoa

W3nbaautennute ycrpoiictBa (MY) ca 3aapmkuTeneH eJeMEeHT Ha BCsKa cHCTeMa 3a
aBromatuyHo ympaienue (CAY). Te yecTo ca CIOXHU TEXHHMUYECKH YCTPOWCTBA, ChUYETABAIIU B
cebe cu nopu U GYHKIUUTE HA perynupaius oprad [1, 2, 3].

HezaBucumo ot chiiecTByBamoTo MHOrooopasue Ha MY, te morat na ce kinacuduuupar mno
HSKOJIKO OCHOBHM Npu3Haka. Haii-chliecTBeHHUTE ca aNropUTbMBT UM Ha (YHKIIMOHHpAHE KaTO
3BEHO OT CHUCTEMa 3a aBTOMATHM3alWs M BHIBT Ha HW3Moii3BaHata eHeprus. OcoOeH uHTepec B
ABTOMaTUYHUTE CUCTEMHU NPEJICTaBIABAT MPONOPLUUOHATHUTE M HHTerpupamure UY, kouto ca
MPEIMMHO €JIEKTPUYECKH U THEBMAaTHUYHU.

ITocTanoBKa Ha 3aja4yara

Kenanusat anropursM Ha pyHKIHOHHpaHe Ha MY Moxe na ObJie HETOBO MPHUCHIIO CBOWCTBO
WM J1a ce MOCTHUra 4pe3 M3MOJI3BaHe Ha Pa3NUYHHU KOPEKIIMU, B TOBA YHCIO M C OOPATHU BPB3KH
[3, 4, 5]. Ilpu u36opa Ha KOoHKpeTHOTO MY ce M3X0kIa KaKTO OT M3UCKBAHETO 3a ChIVIACYBAHE C
perynupaius oprat, Taka 1 OT YCIIOBHETO 3a pealu3upaHe Ha HeoOXOIUMUS 3aKOH 32 yIpaBJICHHE
B CAY [2,3]. IIpu dopmupaneTo Ha TOCISAHHWS € HEOOXOIMMO Ja Ce B3eMaT NPEIBUI H
IuHaMHYHUTE cBoiicTBa Ha UMVY. 3a menta ca pa3pa®oTeHH M pealu3upaHd Pa3IUYHU CXEMHH
peleHust, HO MHUPOKOTO HaBiIM3aHe Ha kKommioTbpauTe CAY ch3mane MpearnocTaBku 3a codryepHa
peanu3anus Ha 3aKOHUTE 3a ympaBieHHe B LUdpoB Buix (T.Hap. HUGPOBO YIpPaBICHUE).
CpaBHHMTENHO JIeCHaTa MPOMsSHA HA QJITOPUThMa HAa W3YHCIMTENHHSA OJIOK, Ha codTyepHO
peanusupanus HUdpPoB perynarop, AaBa BO3SMOXKHOCT 3a pealn3upaHe Ha MPAKTUYECKU MTPOU3BOJICH
3aKOH 3a yIpaBJI€HUE, HE3aBUCUMO OT cBoKcTBaTa Ha Y.

3a pasnuka ot anajorosute CAY, Tyk moraT aa ObAar u3non3BaHu cTeikoBu UY, ¢ xoeto
oTnaaa HeoOXoauMocTTa OT mHudpoBoaHamoroBo npeobpasysane. lllumpoko pasmpocTpaHenue ca
HaMEpUJIU JBa alTOPUTHMA 3a pealn3upane Ha HU(pPOBHU peryaaTopH (aHaao3u Ha HEMPEKbCHATUTE
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I1-, U-, TIN- u IIN/I-): nmo3ummoneH u ckopocteH [4, 5, 7]. [IbpBUAT ce U3MON3Ba B CIyYawTe,
KOraTo M3MBIHUTEIHUIT MexaHnu3bMm (M) mpencraBisiBa MpoONOPIHMOHATHO 3BEHO, a BTOPHUAT —
MIPU UHTErpUpanio 3BeHO. [Ipu CKOpOCTHHS alropuThM HEOOXOJAMMaTa Orepalus UHTETpUpaHe ce
M3BBPIIBA OT CaMHsl M3MBJHUTENEH MexaHu3bpMm (M), a mpu MO3MIMOHHUS € aJTOPUTMUYHO
3aJI0’KeH B U3YUCIUTEITHUAT OJIOK HA [U(PPOBUS PETyIaTOP.

Kenanuar 3akoH 3a ynpapieHue B KoMmioThpHHTe CAY ce monydaBa ¢ MOMOINTa Ha
W3UUCIUTETHUS OJOK, KaTO C€ OTYeTaT CBOWCTBAaTa Ha BCUYKU EJIIEMEHTH MEXIy CyMaropa 3a
MOJTy4aBaHe Ha TpElIKaTa Ha peryjupane U o0eKTa 3a aBToMaTu3amus. M3BecTHUTE B JIUTEparypara
anropuT™Mu Ha 1udpoBu perymnaropu [4,5, 7] CbOTBETCTBAT Ha CIYYaWTE C MPOMOPIHOHATHO U
aHanoroBo uHterpupamnio MY. B HacTosimaTta myOnukanus ce pasriexaaT u NpUAoOHINTEe IIHpPOKa
MOMYJISIPHOCT CTHIKOBH ABUrarenu karo MY. Bb3 ocHOBa Ha pa3nWyHU JMHAMHUYHHM CBOWCTBA Ha
WY xaro enemeHTH Ha HIUPPOBUS PETYIATOP ca MOJYYECHH UMITYJICHUTE MpeIaBaTeIHN (QYHKIIMHN HA
H3YHCIIMTEITHUTE UM OJIOKOBE.

PenraBane Ha 3agauara

IIpu cna3zBane Ha ycnoBueTo Ha Teopemara Ha Korennukos — [lIeHoH

LI

o,

npenaBarenHara QyHKIUS Ha MUGPOBUS PEryaaTop, 3a HA-4eCTO CPelaHus CIydaid, ce Onmpeess
ChC 3aBUCHMOCTTA [8]:

1. ..
Wup (p):_WHG (Z)WHM (p)wﬂy (p)’ (1)
KbACTO:
v T — nepuoJ Ha JUCKPETH3ALHSL;
v W (z) — UMITYJICHA NIpeaBaTeta GYHKIHs Ha H3YUCIUTEIHMS OJIOK (Z = ept) ;
v W, (p) — npenasarenta QpyHKIMs Ha H3MO0I3BAHMS B PETyIIaTOPA ACMOYIATOP;

v W, (p) — npenaBaTtenta ¢pyHkus Ha LY.

3a ompenensHe Ha IMpenaBaTenHaTta (YHKIUS HA U3YUCIUTENHHUS OJIOK TpU 3ajajieHa
Gynxums W, (p) € He0OXOAMMO TIOCTUTaHE Ha PABEHCTBOTO:

[IpoGnemute, KOUTO BH3HMKBAT MPU TOBA MOJOKEHUE, Ca MOPOACHH OT HEOOXOJMMOCTTA 3a
peain3ipaHe Ha aHaJIOrOBU 3aBUCMMOCTHU C MOMOILTA Ha LU(dpoBa TEXHUKA. ToBa ce OTHACA Mpeau
BCUYKO 3a omepanuuTe AudepeHIpaHe W WHTErpuUpaHe. 3a LenTa ca pa3paboTeHH pa3lIuyHU
Meroau [4,9], ¢ momomTa Ha KOUTO B €JHA WJU JIpyra CTENEH Ce MPeojaoisiBa MOocovYeHaTa
TpyaHocT. B kpaifHa cMeTka pemiaBamM ce€ OKa3BaT KOHKPETHUTE YCIOBUA Ha pabora Ha
perynaropa.

Konkperu3zanusita Ha U3MCKBaHeTO (2) 3aBUCH OT BuAa Ha u3noi3BaHoTo MY. Hanuunero Ha
IeMoaynaTopa € 3aIbJDKUTETHO MPU MPOMOPLHOHATHNA U MHTEerpupamu aHajgoroBu MY, xaro 3a
Hal-4ecTo cpelamniys ce ciaydail ¢ (ukcatop OT HyJeB pel

W, (p) =15 3
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. — 1
i W, (z,p)=WﬂM (Z)WHM (p)=(1—z 1)5
Axko WY e crpnkoB ABHWraTel, AeMOAyjaTopa OTCHhCTBA, Karo B (2) TpsOBa Ja ce MOJIOXKH

W, (p)=1. MMmysncHara npexoaHa GpyHKIHMSA HA CaMHsl CTBIIKOB JBHIaTe]l HMa BHJA, OKA3aH Ha
¢wur. 1.

w,
Kc,q
1] L S -
| |
25 ————- e P - 4

| e s e -

T i .

0F - .

@ur.1

Bpemero 3a orpaGoTBaHe Ha BXOJHATa YMCIOBA IOCIEIOBATENHOCT ty MPU yIpaBlIeHHE Ha
TEXHOJIOTUYHU IPOLECH € CPAaBHUTEIHO MaJIKO (B paMKUTE Ha mepuojaa Ha auckperusauus T) u
Moe Jla ce npeHeoperte. ToBa ¢ ocoOeHa cuiia BaKH 32 CUCTEMHTE 3a CTaOMJIM3alusl, IPU KOUTO
OTKJIOHEHUSITa OKOJIO PAaBHOBECHOTO CHCTOSIHHE Ca MAJIKM, KOETO Ipemnojara U Mmo-MajlbK Opoi
CTBIIKM HA JBUTATEJIS.

[lo TakbB HaA4uMH, C JOCTaThYHO MNPHUOIMKEHHE, TOW MOXKE Ja C€ 3aMEHM C HJEaTIHO
MHTETPUPAILLO 3BEHO C IpeaBaTenHa (yHKIUS

K
W, (p) = 1;” )

WmnyncHata npenaBatenHa (YHKIUS Ha HM3YUCIUTENHUS OJOK mpu sxemaH nugppos TN
perynatop U (uUKcaTOp OT HYJEB peA MOXKE Ja ce ONpeAeiH ciel IpeABapuTeseH Hu300p Ha
anropuThMa 3a mudepeHimpane. 3a TpuTe TUNa pasriaexaanu UMY nsacHara vact Ha (2) nmpumoOusa
BHJIA!

v’ 3a mponopiuonanio 1Y

2
KT TTp +Tp+1

Wi (p) = S 4)
v/ 3a aHanoroBo uHTErpupamo Ny
Wi (p) = Wi (p)ps (%)
v' 3a IV — CTBIIKOB ABHUraTell
W2 (p) = Wi (p)-(1-¢™). (6)

CepluecTByBaT pa3iMyHU METOJIM 32 allpOKCHMMAalUs Ha Npou3BoaHUTE [4, 5, 6, 9]. 3a uenure
Ha aBTOMATHUYHOTO YIpaBJICHUE € HEOOXOAMMO Ja C€ ampOKCUMHUpPAT C MOMOIITa Ha T.H. JICBH

paznuki [9]. OneparopsT p = ln% ce IPEe/ICTaBs ChC CTENEHHUS pen [6]:

p:%[(1_z—1)+%(1_z—1)2+%(1_z—1)3+..}, @

OT KOWTO ce B3emar orpanuyeH Opoil uneHose. [Ipu m3mon3Bane Ha uHpoOpmanusITa OT 1Ba, TPH,
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YETHPHU U T. H. CbCEIHU TAKTOBM MHTEpBaja Ha JUCKPETU3alHUs (TOYKH) CE B3eMaT BKIIOYMTEIHO
YJICHOBETEC 10 H’I)pBI/IH, BTOpI/Ifl, TpCTI/Iﬂ N T. H.

AKO mBpBaTa MPOM3BOJHA CE OMNpENEIs MO JBE, a BTOpaTa MO TPU TOYKH, CE IOJydaBaT
M3BECTHUTE B JIUTEpaTypaTa 3aBucumoctu [4, 5, 6, 7, 9]

K (1+;+¥J_(1+2¥HJZ_1+?Z_2
W, (2) zKip' - 1_ ’ (®)
wy
1-7" .
W' (2) =(—T)an (z); ©)
W, (z)= (1 - 2_1)-W;g (2); (10)

1
T. €. pesynratute (9) u (10) cbBOazar ¢ TOYHOCT 10 Koe(uUIIMeHTa T [TocnenHoTo ce 0OsiCHsBA ¢

00CTOATENICTBOTO, Y€ MPHU HANPABEHOTO NPEIJIOKEHHE TUCKPETHUAT aHajIor Ha oreparopa ,.p” M
TO3H HA (1 - e"’) ChBIIAJAT.

He taka crodr Hemarta npu onpeaensHe Ha POU3BOAHUTE 110 TPU U IOBEYE TOUKH, C KOETO Ce
MOBUIIIaBA IIYMOYCTOMYMBOCTTA HA U3UUCIUTENHATA nporeaypa. [Ipu anmpokcumariys ¢ Tpu TOYKHU:

3 T TN 4 (1 T\ ,

—+—+2 |21+ 2 |z +| -+ 2|z

. K, \2 T, T T 2 T
W"6(Z)=K : 11— ) (11)
ny
* AR 1 - - 1

W.e (Z)=E(3—4Z "tz Z)WM6 (z); (12)
W;gﬂ(z)=(1—z’1)-W;“(z). (13)

[To anamoruveH HAuyWH MOTAT Jia CE ONPEACIAT 3aBHCUMOCTTHTE MPU alpPOKCHMAIUs Ha
MIPOU3BOJIHUTE C YCTHPH, MET U TOBEYE TOYKH, KATO CE OTUETE, Y€ 3a IMOJyYaBaHETO Ha BTOpata
2
mpou3BoHA ,,p”” TpsAOBa (5) 1a ce MOBIUTHE HA KBaIparT.

N3Boan
OT nony4eHuTe pe3yaTaTd MOrar Jja Ce HapaBsT CICIHUTE U3BOJIU:

1. OtneneHo € BHMMaHME M Ca W3BEAECHM 3aBUCHUMOCTUTE HA H3UUCIUTEITHUTE OJIOKOBE B
mudposure [IM]/] perymaropm B 3aBUCHMOCT OT HauWHA Ha peaNM3MpaHe Ha IbpPBa M BTOpPA
IIPOU3BO/HA, Bb3 OCHOBA Ha TpuTe Buaa NY.

2. Benpexku ue anamoroBoro MY u crpnkoBuaT napuraten kato MY wumar uHTerpupaiiu
CBOWCTBa, MPOJIyYEHUTE HA TiAXHA 0a3a M3YMCIUTEIHHM OJIOKOBE ce pa3iuyaBaT MOMEXIY CH B
3aBHUCUMOCT OT BB3NPUETHS HAYMH Ha AamnpoKCHMHpaHEe Ha omepanusara JudepeHIrpaHe.
Pesynrtature chBNagar ¢ TOYHOCT A0 KOSHULMEHT caMO 3a HaW-IPOCTUS HAUUH, IPU alIPOKCUMALIUs
C JB€ TOYKM, KOETO € 4YeCTO CpelllaH, HO He BHMHAru omnpasaaH BapuaHT. C M3MOI3BaHETO Ha
uHbopManMsg OT T[OBeYe MpeAuIyIIM TaKTOBM MHTEpBaja Ce€ IOBUIIABA TOYHOCTTA U
IIyMOYCTOMYHMBOCTTA HA aJIrOPUTHMA.

3. HeszaBucuMO OT HaYMHA Ha alPOKCUMAIIMsI Ha ITbpBaTa U BTOpATa MPOU3BOJIHA, a OT TYK U
nojy4eHara 3aBHCUMOCT 3a W,e(z), omepamusra HHTETPUpPAaHE C€ pealu3upa MO0 METOAa Ha
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NpaBOBI'bJIHUIIUTC pP= , KOCTO CC 00sICHsBA CBC CHeI_II/I(i)I/I‘{HI/ITe CBOMCTBA Ha

¢bukcaTopa OT HyJIEB pel.
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KOMITAPATOPHU C PEI'YJIUPYEMMU ITPATI'OBE YPE3
I'AJIBAHUYHO PA3JAEJIEHU KAHAJIN

HBan C. Kones

Pe3rome: KommnapaTopute ce pa3aensiT Ha aHaJIOroBH U HU(POBU KOMIAPaTOpH. AHAJIOIOBUTE KOMIIAPATOPH
MoraTr Ja ObAaT KOMIIApaTOpH Ha HaNpexeHue [5], KOMIIapaTopu Ha TOK, KOMIIApaTOPH CPaBHSIBALIH
HanpexxeHue u Tok [1] u np. [pumepu 3a 4-pazpsaan nudposu kommnaparopu Ha TTJI uHTErpanHu cxemu e
uHTerpanuara cxema 7485, a ua CMOS unrerpanau cxemu- 74HC8S [4].

3acera cBeJeHMsATA B JIUTEpaTypara 3a KOMIAPATOPH HM3TPaIeHH C ONTPOHU €A TBBPAE OCKBAHH.
3aToBa mpeyiaraMe HAKOJIKO TPaKTHYEeCKH CXeMHM Ha KOMIIapaTOpH C MHOTO HHMBAa Ha CpaBHEHHE
(MHOTOITParoBu KOMIIApaTOpH), U3IIBIHEHU C ONTPOHU M MHTETpaaHu cxeMu. [IparbT Ha Te3u kommapaTopu
ce peryjMpa 4ype3 TalBaHu4HO Pa3/eseH KaHall.

COMPARATORS WITH ADJUSTABLE THRESHOLDS WITH GALVANICALLY
ISOLATED CHANNELS

Ivan S. Kolev

Abstract: Comparators are divided into analog and digital comparators. Analog comparators can be voltage
comparators [5], current comparators, comparators comparing the voltage and current [1] and others.
Examples of 4-digit digital comparator is a TTL integrated circuits integrated circuit 7485, and CMOS
circuits- 74HCS8S5 [4].

So far in the literature for information established comparators with optocouplers are too scarce. That's
why we offer several practical schemes comparators with many levels of comparison (milti- threshold
comparators), met with optocouplers and integrated circuits. The threshold of these comparators is regulated
by galvanically isolated channels.

YBoa
Kommnaparopute ca ycTpoilcTBa 3a CpaBHEHME Ha JBE BEIMUYMHHU: HAMPEKEHHUS, TOKOBE,
TOKOBE W HAIPES)KEHUs, IBOWYHY YHCIIa U Ap. 3a/1a4ara € J1a ce pa3padoTsIT CXeMU Ha KOMITapaTopH
C U3MEHSIEMU MparoBe, YIpaBjsiBaHU M0 raJIBaHUYHO pa3/e/ICeHN KaHaIH. 3a TAJIBAHUYHO pa3/elisiHe
nu praBJ'IeHI/Ie Ha HpaFOBeTe ca moaxXoasIan OHTpOHI/I NN OHTpOHHI/I I/IHTeraJIHI/I CXECMHU.

N3noxenue

Cxemara ot ¢ur. 1 npeacrapisiBa MHOTOIIParoB KOMIapaTop Ha HAMPEXKEHUE C PETYIUPYyEMHU
HaIIpEKEHOBU IIPAroBe 4pe3 TOKa Ha CBETOAMO/A Ha ONTPOHA [F.

o TUCC
+9v

@ur. 1. MHOronparos KoMnaparop Ha HalpeXeHHUe ¢ JBE ChCTOSIHMS HAa N3XOJHATa
BEpuUra
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Upes cxemata ot ¢ur. 1 Moxke Ja ce OCHTYpH TBBHPJE IMUPOK JHMANA30H Ha cpaboTBaHE Ha
KOMITapaTopa, ype3 U3MEHEHUe Ha ToKa npe3 cBeroaunoa /r. Hanpumep npu [ = 100 1A nparst Ha
kommaparopa € Upp = 20 mV, a npu Tok npe3 cBeroguoaa Ir = 2,5 mA, Upp = 5 V. Tyxk
(OTOTPAH3UCTOPHT HA ONTPOHA 3aCHHO C pe3ucTopa R 00pa3yBaT €IWH PEryIHpyeM JIeIUTeN Ha
HarnpexeHue. [IparoBoto HanpexeHue Ha KoMIaparopa ¢:

UC C

"R+ R (ly) @

1P

KbJETO Rcp - CHIPOTUBICHUETO MEXKIY KOJIEKTOpa M eMHTepa Ha (POTOTpaH3UCTOpa HA ONTPOHA,
KoeTo € (yHKIHS Ha Toka mpe3 cBeroauona I . Ot uzpas (1) ce Bmkaa, ye HA TO3W KOMIApATOP
MOJKeE Jia € U3MEHS MparsT Ha cpaboTBane mouTH oT 0 10 Uce (ipu R>>Rck).

Tyk uma u eqna apyra ocodeHoct. CtaBa cpaBHEHHE Ha TOK /r u HanpexkeHneTo Uyp. OcBeH
TOBAa BXOJHHSAT YHOpaBisBaill curHan (/r) € TraJlBaHMYECKHd pa3fesieH OT U3XOJHUS CHUTHa.
DakTUYEeCKH KOMIIApaTOphT CPaBHSIBA BHHITHOTO OMOPHOTO HampekeHue Upy ¢ HaApeKEHHETO
BBPXY pe3ucTopa R, KOETO ce peryiaupa Mo raJBaHUYHO pa3/IeieH KaHal 4pe3 TOKAa Ha CBETOIMO0/a
Ha onTpoHa [r Jlpyru mOAXOISANIN BUIOBE ONTPOHH 3a TE3H KOMITAPATOPH ca (POTOPE3UCTOPHUTE
ONTpoHHU, GOTOAUOJHUTE ONTPOHH U OMTPOHUTE C TOJEBU POTOTpaH3ucTopH [2, 3].

Cxemara oT ¢ur. 2 e ABYyNparoB KOMIIApATOpP HAa HAMNPEKEHUE C E€THO CHCTOSHHE Ha
u3Xo/HaTa Bepura. B ciydas onepannonHurte ycuisarenu DA ca cBbp3aHu KaTo Tpurepu Ha Llmut
¢ xucrepesuc. C moreHoMeTbpa RP; ce 3a/1aBa equHMs HAIPEKEHOB Ipar, a ¢ MOTCHIIMOMEThPa
RP; ce 3agaBa BTOpHUSI HAmpeXKEHOB Mpar Ha cpaboTBaHe Ha Kommaparopa. PesuctopsT R; u
(bOoTOTpaH3UCTOPHT Ha onTpoHa (; 0Opa3yBaT yIpaBiisieM JCIUTENT Ha HapexeHue (Ipe3 ToKa Ha
cBeToauona /), OT cpelHaTa TOYKa Ha KOHTO ce B3eMa BXOJCH HANpPEKEHOB CUTHAN U CE MoJaBa
KbM KommapaTtopa. Hampumep, croiiHOocTuTe Ha nBata mpara ca Ip; = 3 mA u Ip; = 5 mA.
W3xomnuar tpansuctop V71, e 3amymieH (M3XOAHUAT CUTHANI € JOr. 1) camMo MexAy JIBeTe
CTOMHOCTH Ha TOKa Ha cBeroanofa 3 mA u 5 mA. ToraBa Ha M3XOJIWTE HA ONEPALMOHHUTE
yCUJIBaTeIM UMa OTPUIATENIHU HallpekeHus. ToBa 3Ha4yM, 4e BXOJAHOTO HAlpeXeHHE, YIPaBIsIBaHO
Yype3 TOKa Ha CBETOAWOJA [p, € B TPaHUIMTE HA JBaTa Ipara Ha KOMIapaTopa, 3aJaJieHu 4pe3
noteHuuomeTpure RP; u RP,. Ako u3X0AHOTO HampexkeHue e yor. 0, ToBa 3Ha4yM, 4e BXOJIHOTO
HanpeXeHUe € U3BBH Te3u rpaHuy. Cxemara ce Hapuya IMpo30peueH KOMITapaTop Ha HANPEKEHHE.
Cxemarta MOe J1a ce M3MO0J3Ba 3a MPOBEPKa Ha JIOTUYECKU HUBA HAa IU(DPPOBU UHTETPATHU CXEMHU.

4]
RS rin|2T3142
. 27K H 77k |EC18)
F
o—b 04
Sz =3
GH2111B B N
(TIL111) 5331{
Upg -0

@®ur. 2. /IBynparoB KoMIaparop Ha HalIpEeKEHUE C IBE CbCTOSTHUS Ha U3XOAHATa BEpUra
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Cxemata or ¢ur. 3 mpeacrapisiBa MHOTOIPAroB KOMIIAPATOpP Ha HAMPEKEHHE C HAKOJIKO
ChCTOSIHMSI Ha H3XOJHAaTa Bepura (HAKOJIKO HANpeKEHOBU HHUBA). B ciydas omepalnrioHHHUTE
yCUJIBAaTeIM Ca BKIIOYEHH KaTO KOMIApaTOpH, KaTO M3XOIUTE UM YIMPaBJISABAT CBETOAHOIUTE Ha
orntponute O;+ O, Ilparoere Ha cpaborBane Ha kommaparopure U;, U, U; Uy ca TUCKPETHU U
C€ 3a/1aBaT CbC CICAHUTE U3Pa3U:

— Ucc .
R+R,+R +R, + R
U
= R - '(Rl +Rz)
\+ R, + R, + R, + R )
— UCC
R+R,+R, +R, + R
— Ucc
R+R,+R +R, + R

R

1 1

2

2

(R +R,+R,)

(R +R,+R,+R,)

2

Korato BxomHoto Hampexenue Upy cCTaHe NO-TOJIMO OT HampexeHuero U;, u3Ib4Ba
CBETJIMHA CBETOAMOIBT Ha onTpoHa O);.

Korato Uy > U, uznpuBar cBeroauoaute Ha ontpouutre O; u O, 1. H. DOTOTPAaH3UCTOPUTE
Ha ONTPOHMUTE Ca BKIIOYEHH B CXEMa Ha WHBEPTHpAIl CyMaToOp, W3MbJIHEHA C OINepallioHeH
ycunsaren DAs.

+Ugc+15v rw g i
DiAg = TT
U + 1 M
4 T4] K%
- R
S i R
HR4 g —
: AW
~.DA3!  RR 11
UB. \:i\ : 1| g
L - ! 1K @.«"
: . O3
' '|'_'|'2
R3 -
H 5 S AW
Daz: R7 1
iy \:i\ ' 1| g
E - : 11 "‘El‘l.a-"'
: O
1 Uf
! 1
Rz ! a” X
Dari oo |11 T U
ut st o g
_E » - ! 1K "kr:_"lf"ol |:| R

®ur. 3. MHOronparoB KOMIapaTop ¢ HAKOJIKO U3XOJHH ChCTOSIHUS

HpI/I PaBCHCTBO Ha PE3UCTOPUTEC Ha CyMATOpa 3a HU3XOAHOTO HAIPCKCHUC MOXKE Ha CC
3aIlluIIC:

U,y :—(Ul +U, +U, +U4) 3)
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!

Koraro e otmymen camo (poToTpaH3ucTOpbT Ha ontpoHa O; U3XOIHOTO HampexeHue e U .
Koraro e otnymieH ¢poToTpaH3ucTopbT Ha onTpoHa O, U3XOIHOTO HAIPEKEHHUE €:

U,y = —(Ul' ; Uz') )

ToKBT mpe3 CBCTOANOANTC HA OIITPOHUTE €:

— Uee =Up ~Ur
" R.=R,=R=R,=1k

©)

KbACTO UOL‘ HuBOTO Ha jor. 0 Ha HN3XOOUTC Ha OINCPALNUOHHUTEC YCHUJIBATCIIU OT 1 a0 4, Ur -
HAIMPCIKCHUETO B IIpaBa MMOCOKA Ha CBETOAUOJNUTEC HA OIITPOHUTC.
OcBeH TOBa € HeO6XO,I(I/IMO Aa C€ U3IIbJIHU YCIIOBUCTO:

R >> R (6)

KbJIETO Rcp € ChIIPOTUBIICHUETO HA YYacThKa KOJEKTOP-EMHUTEP Ha OTHYIIEHUs (POTOTPaAH3UCTOD,
KoeTo € (YHKIUS Ha TOKa IIpe3 CBETOANO/a Ha ONTpoHa [f.

Kommaparopbst ot (hur.4 € MHOromparoB KoMmapaTop ¢ HSKOJIKO ChCTOSIHHS Ha WM3XOJHaTa
Bepura. Korato Bxomnoto Hampexenue Upy = 0, muomurte VD; no VD, ca 3anymenu. Korato
HanpexxeHuero Upy HapacTBa MOCIENAOBATENHO c€ oTnywBaTr guoxure VD; ... VD, W U3XOAHOTO
HalpeXeHUe HapacTBa CThHalHO. Hampexenusara B TOYKWUTE 4, 6 U T.H. COPSIMO BepuUTrara
3axpaHBalll U3TOYHUK Ey 1 pesucropute R ca:

U, =R (7
U, :%.2.R (8)

Irn

®@ur. 4. MHOTOIIParoB KOMIapaTop ¢ 7 Ha Opol HampeKeHOBU CHCTOSHUS HA
M3XOJHaTa BEpUra
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Koraro BXOJHOTO HAIIPCIKCHUC CTAHC IIO-TOJIAMO OT CTOMHOCTTA IO nu3pas (9), HU3XO0AHOTO
HaIpeIKCHUEC CC YBCIIMYaBa C €HAa CThIIKA:

E
UBX > n_;?.R + UVD] + UCBI(IFI) (9)

E
Uy >ﬁ.2.R +U,p, +U o (11,) Ipu ;=0 (10)

ITpu 7,,>0 xbM u3pas (10) Tps6Ba ga ce 100aBu cTOMHOCTTA:

L, =CTR'I,,, (11)

P

AU =1, Rppy 1

KbJETO [y, - POTOTOK Ha (POTOTpPAH3UCTOpPA HA ONTPOHA BBB (oroanonHo BkmtouBaHe; CTR' -
Koe(UIIMEHT Ha Mpe/laBaHe Mo TOK Ha (OTOTPAH3UCTOPHHHUS ONTPOH BHB (DOTOIMONHO BKIIOYBAHE.
CrpnkaTa 3aBUCH OCBEH OT TOBapHHS PE3UCTOP Ryop M OT BXOAHOTO Hampekenue Upy U OT TOKa
npe3 ceeroauona /. Hanpumep nbpBaTa cThIKA €:

Uy, = Upy =Uyp, — UCBI(IFI)'RTOB (12)
R+ R

Uyp - Hanpe)XCHUETO B TpaBa nocoka Ha auoaute VD, Ucp - HAIPEKEHUETO MEXIYy KOJICKTOpa U
0a3zara Ha (OTOTpaH3UCTOpa HA ONTPOHA, KOETO € (PYHKIMS Ha TOKA Mpe3 CBETOAMOAA Ha ONTPOHA
Ir.

Cxemara oT (ur. 5 mpeacTaBiIsiBa KOMIIAPATOp C PETYIHPYEeM Ipar Ha cpaboTBaHE, KOHTO
MOJKE JIa Ce MPOMEHSI 4Ype3 TOoKa Ha cBetoamona [r. Yact oT cxemara € TeHepaTop Ha CTHIIATHO
HanpexxeHne. KommaparopbT CpaBHSBAa BXOJHOTO CTBIIAJHO HANMpPEKEHUE, CHEMaHO OT
KoHjieH3aTopa C C MparoBOTO HANpPEKECHUE Ha eqHONpexoaHusi gortorpaHzuctop. Upe3 Toka Ha
cBeTOAMO/1a [ MOXKE J1a C€ IPOMEHS MPAroBOTO HANPEKEHUE HA €THOMPEXOHHS (POTOTPAHZHUCTOP.
BxogHuTe TONOXHUTEIHM HMMIYJICH OT TeHeparop mpe3 muona VD; u pe3ucropa R; 3apexaar
koHaenszatopa C. B may3zarta MeXIy HMITYyJICHTE KOHJICH3aTOPBT HE C€ pa3pexkaa, 3amoTo

+UppT+12V
R2
VD
i Rl 3K Hax
25K
L 26 c © | [r
1kHz ( 3 0,1p @Ejt E
Ig =
[_.
.
] =

@ur. 5. Komnaparop ¢ peryaupyem mpar Ha cpaboTBaHe

€AHOMPEXOAHUT (HOTOTPAH3UCTOP € 3amyiieH. [Ipu ciaeaBamus MopeneH UMITYJIC HAIPEKEHUETO
Ha KOHJIEH3aTOpa HapacTBa C e[Ha CThIKa. Koraro HampexkeHHeTo Ha KoHaeH3aropa C CTaHe Io-
rOJISIMO OT MPAaroBOTO HAMPEKECHHE HA CAHOMPEXOAHHS (HOTOTPAH3UCTOP HA ONTPOHA, TOH Ce
OTIyIIBAa M KOHJCH3aTOPBT C€ paspexaa mpe3 Hero. OT emHompexomHusi (HOTOTPAH3UCTOP Ce
moJrydyaBaT MpaBOBI'bJIHHU UMITYJICH. I/ISXOZ[HI/ITG HHMBAa Ha KoOMIIapaTropa ca JABC - BUCOKO M HHCKO
HUBO. MeTomuka 3a Opa3MepsBaHe Ha aJTepHATHBHA CXe€Ma C ONTPOH C EAHOMPEXOJCH
(dhoTOTpaH3UCTOP € najicHa B [6].
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®wur. 6. /[Bynparos koMmnapaTop ¢ TpU CbCTOSHUS Ha U3XOHATa BEpUra

KommnaparopsT oT ¢ur. 6 € ¢ Tpu CbhCTOsSHUSA Ha u3xoaHara Bepura (nor. 0, mor. 1 u
BHCOKouMIeAaHCHO cheTosiHUE - BUC). Tyk HanmpekeHueTo oT GOTOTPaH3UCTOPHT HA ONTPOHA CE
nogasa KbM Ha Bxozga Ha Tpurep Ha llImut Ha TTJI nnrerpanna cxema DD;. Cnen Tpurepa Ha
[IImuT e Brimtouena TTJI unaTerpamHa cxema ¢ Tpu U3XOJIHU ChCTOsIHUS- 74125. Tyk xommapaTop €
TpurepsT Ha llImut ¢ aBa mpara. [IBata mpara Ha cpaboTBaHe Ha M3MOI3BaHuUs Tpurep Ha llImut B
HANpEKEHUsI U TOKOBE Ca:

Upyy=L7V.U 1y =09V

=0,65mA, I =0,85 mA (13)
offtyp

! ontyp

PesucropsT R; U (GHoTOTpaH3UCTOPHT Ha omnTpoHa (; oOpaszyBaT yIpaBiseM [EIUTeN Ha
HarnpexeHue. PoToTokoBeTe mpe3 GOTOTPAH3UCTOPA 3a BKIIOUBAHE U M3KIIIOUYBAHE HA TpHUrepa Ha
IIMuT ca cHOTBETHO:

Uu.,-U
_ ~cc off
== 4] off (14)

phl on ph2
Rl 2

TokoBere npe3 cBeToAMOAA HA ONTPOHA 3a BKJIIOYBAHE U M3KIIOUBaHE Ha Tpurepa Ha LlImut
ca CbOTBETHO:

I =CTR1,, ; I,,=CIR.I,, (15)

kbeTo CTR € KoeUIIMEHT Ha IpelaBaHe 110 TOK Ha ONTPOHA.
3akiro4yeHue

[Ipensioxenu ca cxeMH Ha MHOTOIIPAaroBU KOMITAPATOPHU, IPAroBUTE Ha KOUTO CE yNpaBIsiBaT
M0 TajJBaHUYHO pa3/ieJieH KaHajl, B Clydas 4pe3 TOKa Ha CBETOAMOJl Ha OMpPEACNICEH THUIl ONTPOH.
M3omaimoHHOTO HaNpeKeHWEe BXOJ-M3XO0J Ha wusnoi3BaHuTe ontpoHu € 1500 V. Tesu
KOMIIapaToOpu HaMHPAT MPWIOKCHUE B MPOTPAaMUPYMH aHAJIOTOBH M ITUPPOBH YCTPOICTBa, B
3alUTHA CXEMH, OTPAHUYUTEIIHU CXEMHU, TECTBAHE HA JIOTUYECKH CXEMH, CEJIEKTOpU Ha UMITYJICH
10 aMIUTUTY/a, ©3MEpBaTeIHATA TEXHUKA, B €JICMEHTUTE 32 MHIUKAIUS | JIPYTH.
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BBb3MOXHOCTHU 3A ITIPEHACAHE HA METEOPOJIOTUYHH
JAHHMH 110 BE3’KMYEH CIIOCOb

Emunusia bekos, JKeko Kupsikos, Mnus XamxkuauMoB

Pe3tome: B Hacrosimiata myOnukamms ca pasrieJaHd pa3IndHU CIIOCOOH 3a MPEHACSIHE Ha METEOPOIOTUIHH
JaHHHM 10 Oe3xkuueH croco0. OcoOeHO BHUMaHKE € 00bPHATO HA U3MOJI3BAHETO HA KOMYHUKAIIMOHEH MOJYJI,
paborem Ha 6a3ara Ha GPRS moOwmmHa komyHukanwus. [IpoBeneHU ca eKCTIEPUMEHTAHH HM3CIICABAHUS 32
MpeHoc Ha JaHHu Mexay moxyn Telit, mepcoHanen koMmOTsp u MoOmieH tenedon. Komentupanu ca AT
KOMaHANUTEC U MECTOAUKUTC Ha pa60Ta. HpeHCTaBCHI/I Ca U3BOAU U 3aKJIFOYCHUA 3a CbBPECMCHHU PCHICHUA IIPHU
NpeHoC Ha AOaHHU MCEXKAY MNCPCOHAJICH KOMIIOTBPp HW  METCOPOJIOTMYHA CTaHOUA TOCPCACTBOM
TEJICKOMYHHKAIMOHEH MOJIYJI, paboTeIy B MOOMIIHA KOMYHUKAIIMOHHA Cpefia.

Wireless transmission potentialities of weather data
Emilian Bekov, Jeko Kirjakov, Iliya Hadhzidimov

Abstract: In the publication different wireless techniques for meteorological data transmission are
considered. The use of a communication module, based on GPRS is pointed. Experiments for data transfer
between a module TELIT, a personal computer and a mobile phone are performed. The AT commands and
the methods are commented. Conclusions about the modern data transfer decisions between a PC and
weather stations by the means of telecommunication module working in a mobile communication
environment are presented.

1. Be3:XuYHM TEXHOJIOTHH 32 MIPEHOC HA JaHHH

CpBpeMEHHHUTE TEXHOJOTMHM JaBaT IIUPOKM BB3MOKHOCTH 3a pa3BUTHE B cdepara Ha
KOMYHHKAITUUTE ¥ TeJIICKOMYHUKAMKUTE. TOBa Pa3BUTHE CE OTPA3U M Ha TEXHUYCCKUTE CPEJCTBA 32
cbOupane, o0paboTka M TpaHchep Ha METCOPOJIOTMYHM JaHHU. B ChbBpeMEHHaTa NMpaKTHKa Ce
W3MOI3BAT MIMPOKO OE3KWYHM TEXHOJOTHU 3a MPEHOC Ha WHGOpMAaIus, OCHOBaBallM C€ Ha
pasnmuuHu criocodu [1]. Hacrosimara pa3paboTka mpaBu aHAIM3 Ha BB3MOXKHOCTHTE 3a TpUJIaraHe
Ha MOJICPHHUTE TEXHOJIOTHH B 00JIaCTTa Ha METEOPOJIOTHATa U TpaHcdepa Ha JaHHU [2].

1.1. Wi-Fi e Texnosorus

Wi-Fi e texnonorus Ha Oe3zxuunara mpexa (WLAN), 6asupana Ha crielupUKAIUIUTE OT
cepusta IEEE 802.11. MunumanHara TeopeTuuHa CKOpOCT Ha kKoMyHHKarus € 1 Mbit/s. Cpenata
ChJIbPKa TOYKH 33 JOCTHII U KiIHeHTH. OOMEHBT Ce€ OCBIIECTBSBA Ype3 MakeTHa oOpaboTka Impe3
oxono 100 ms. [Tonacrosiiem ce pa3paboTBaT peauiia yCTpOHCTBa 3a MpeHoc Ha naHHu mpe3 LAN.
Bp3MmoxkHOCTTa 3a M3MOJ3BaHE Ha OE3KMYHUTE TEXHOJOIMHM CE€ CBEXAAa JI0 pealu3upaHe Ha
cXemara: YyBCTBUTEIHHU €JIeMEHTU ( CEH30pH ), BKIIOYEHH KbM MHUKPOIMPOIIECOPHO MHTEpPeicHO
ycrpoiictBo ¢ LAN. ToBa ycTpoiicTBo Moxe 11a ce cBbpike ¢ 0e3xuueH pyrep u no IEEE 802.11 na
Ce OCBHILECTBU MPEHOCa Ha JaHHU KbM KoMmioThp ¢ Wi-Fi ananTep.

1.2. Bluetooth v2.0 + EDR TexHosorus

Tasu Bepcus Ha “Bluetooth Core Specification” e u3ganue 2004 r. ['maBHara pasnuka e T.
Hap. EDR (Enhanced Data Rate), ch3nanen 3a mo-0bp3 Tpancdep Ha nanau. HomuHamHaTa CKOpoCT
e 3 Mbit/s, a Ha mpakThKa okoio 2,1 Mbit/s. [IponzBoauTenuTe Ha YCTPOMCTBA OT TO3U KJIAc J1aBaT
pa3CTOsIHKE 3a IPEHOC Ha AaHHU A0 okoso 100 m.
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1.3. Radio Frequency (RF), 9 kHz to 100 GHz, TexHo/iorus

PagnodecToTHUAT MpeHOC Ha JaHHU € (popma Ha Oe3KMYHA KOMYHHKALWS, KOSITO TI03BOJISIBA
TpaHchep OT TePMUHAT WM MOPTATUBHO YCTPOMCTBO KbM 0a30Ba CTaHIIUS, CBbpP3aHa C KOMITIOTBD.
Tunuyen npumep 3a IPEHOC HA METEOPOJIOTUYHH JaHHHU Ca CTAHIIUU C XapaKTEPUCTHKH:

- yectoTa Ha npeHoc ( RF Transmission Frequency ): 433 MHz;

- ooxBar ( RF Transmission Range ): 1o okomno 100 m;

- IUKBJI HAa TpaHchepa Ha naHHH: oKoJo 40 sec.

1.4. GPRS TexHoJjiorus

GPRS wumn General Packet Radio Service e chBpeMeHHa TEXHOIOTHS 32 KOMYHHUKAIUS U
MpeACTaBIsiBa HaACTpoiika Haja crangapra GSM ¢ u3nosi3BaHe Ha MOOWJIHUTE MPEXH OT HOBO
nokosienue 2G u 3G. 2G mMoxke na npenaBa gaHHU 10 okoso 114 kbit/s. [IpuHIIMnsT Ha padoTta €
CXojcH ¢ To3u Ha VHTepHeT u ce 6a3upa Ha makeTHa 00paboTKa Ha naHHUTE. TO3W METOJ U3MCKBA
mwareHa ycnyra mnpe3 mobuneH GSM omepatop. Ilpu Hanwuume Ha JOOpPO TMOKPHUTHE BBPXY
orpejielieHa TEPUTOPHSI, MOXKE Ja Ce peau3upa Tpanchep Ha NaHHU MPAKTUICCKH Ha MO-TOJIsIMaTa
4acT OT CTpaHara.

2. Bb3MOKHOCTH 32 H3rPa’XKAaHe HA CIeHAJIN3UPAHA CTPYKTYpPa 3a cbOnpaHe, 00padoTKa u
NMPeHOC HA METEOPOJIOTHYHM TAHHH

CpBpeMEHHUTE METEOPOJOTUYHH CTAHIMM Ca HAII'bJIHO aBTOMATU3UpPaHM IO OTHOIICHHUE Ha
IPOLIECUTE Ha perucrpupane, oopaboTka M TpaHcdep Ha METEOPOJOTMUHUTE NapaMeTpH, Haii-
BA)KHHUTE OT KOHUTO Ca CKOPOCT, ITIOCOKA U JIETAlIHU XapaKTEPUCTUKU Ha BATHpA, TEMIIepaTypa Ha
OKOJIHaTa cpefa, arMoc(epHO HandraHe, OTHOCHTENIHA BJIAXXHOCT, MHTEH3UTET Ha CIIbHYEBaTa
paguanus, KOJIMYECTBO BaJeXkKH, a B IIOCIEIHO BPEME MOJEPHUTE CTAHIIMM MMAT Bb3MOKHOCT U 3a
KOMYHHKAIUS C METEOPOJIOTHYHU CATEIUTH C LEJ MPOTHO3UPaHE Ha METEOPOJIOTMUHUTE YCIIOBUS.
3a Te3u HYXIU IPU CH3/IaBAHETO HA APXMUTEKTypaTa Ha M3MEPBATEIHUS KOMIUIEKC CE€ M3IM0JI3BaT
Hall-CbBpeMEHHMTE MOCTHKEHHS Ha eleKTpoHHuKaTa. llenara Ha HacrosmaTa myOJuKanus € aa ce
MOKaXkaT HSAKOM OT BB3MOXHOCTUTE Ha Pa3BOWHU MOJYJHM, KOUTO UMAT BB3MOXKHOCT J1a paboTAT
KAKTO CaMOCTOSITENIHO, Taka W C €IHOYMIIOBU KOMIIIOTpU. B CBBpEMEHHHTE KOMYHHKAllMOHHU
Moayu ca Brpagesu ARM 0azupaHu MUKpOIIPOLIECOPHU CUCTEMHU.

2.1. ARM npouecopu

ARM e 32-6utoB RISK ( Reduced Instruction Set Computer), cp3naaen or ARM Holdings
[3]. OcHOBHO MpWIIOKCHWE HAMUpPA Ha IMazapa Ha MOOWIHHM TEXHOJIOTWH. Huckata My IieHa H
OTHOCHUTEIIHO TIpOCcTaTa KOH(HTrypalmus Tro TpaBiT MHOTO YIOOCH 3a penuia eJIeKTPOHHU
YCTPOWCTBA, KOH30JIM, KOMIIOThpHa mepudepus u xapa muckoBe. ARM apxurekrypara e
nuneH3Ha. M3momsBar ro peamma ¢upmu, B ToBa umcio Alcatel-Lucent, Apple Inc., Atmel,
Broadcom, Cirrus Logic, LG, Microsoft, NEC, Nintendo, Samsung, Sharp, Texas Instruments,
Yamaha u nip.

2.2. CxeMHH pelieHust

Be3Mmoxkuu ca pasiinidy pCHICHUS Ha OpraHu3aluiaTa Ha NPEHOCAa Ha OAHHH. E[[HO oT
BB3MOKHUTE PEIICHUS € IUPEeKTHaTa WHTepdelicHa Bpb3Ka MEXIy YCTPOMCTBOTO (Jiorepa) 3a
METCOPOJIOTUYHY JaHHH M KOMIIOTHpPA, Ha KOWTO WHpOpMaIusaTa Ie ce chbupa u 00paboTBa.
Jlpyri BapuaHTH ca H3MOJ3BAaHE HAa MEXIWHHM YCTpoWcTBa 3a TpaHchep Ha JaHHHTE,
BKJIIOYUTEITHO U IIPEHOC MIpe3 MOOMITHA Mpexa, ¢ur. 1.
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GFRS

EVK-PRO’ NG E

®ur. 1. CxeMHn peUICHus 3a IMPEHOCA Ha METCOPOJIOTUIHU TaHHU

3a tpancgep Ha manHu npe3 GPRS morar pa ce usnonssatr moxynu Ha ¢upma TELIT.
Pazpoitnusat momyn va pupma TELIT e cHaOneH ¢ ApHHA m1aTka EVK-PRO’ u uHTEepdeiicHa KapTa
EVK-PRO’ 3a GE863-PRO’ [4], dur. 2. OcHOBHUTE U3UCKBaHUS 3a paboTa ca :

- [lepcoHanen KOMIIOTHP WK MUKPOKOHTPOJIED;

- SIM kapta, akTUBUpaHa 3a paboTa pe3 MOOMIIEH OIepaTop;

- Aynuo akcecoapi (IIpH riacoBa KOMyHHKAIH);

- Codryep, ocHOBaH Ha 0a3aTa Ha ,,XUIepTepMUHal” ¢ u3noy3BaHe Ha AT KOMaHH.

VYrpaBiieHneTo Ha MOAYyJa Ce€ U3BBPILIBA Ype3 CKpUNT-KOMaHAU ¢ uHTepnperarop PYTON
BbpXy Linux-OS umu C/C++ 6e3 BpHIIEH MuKpormpouecop. CaMuar Moay GE863-PRO’ Moxe 1a
ce yIpasJisiBa npe3 cepuitau nmoprose upe3 AT komanau.

®ur. 2. [lpuna miatka EVK-PRO’ i narepdeiicna kapra EVK-PRO’ 3a GE863-PRO’ [4]

MonynbT naBa BB3MOXHOCT Jla c€ MpefaBaT JAaHHM OT HEro KbM JPYTH YCTpPOMCTBa.
Bpb3kaTa ce ochliecTBsiBa upe3 cepueH uHTepdeiic, Ho mpu auncara Ha 9 uzBongnu COM noptoBe
IIpU ChbBPEMEHHHUTE KOMITIOTPH, JIECHO C€ NMpEeMUHaBa KbM Cbh3AaBaHe Ha BupryaeH COM mopt
npe3 USB. Enun oT HaunHUTE € npenaBaHe Ha TeKCTOBa nHpopMmanus noa ¢popmara Ha SMS npe3
XHUIIePTePMHUHAT WK 0OMEH Ha TIOTOK (paiiioBe, ChAbPIKAIIM HHPOPMALKATA OT JIoTepa.
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3. EkcnepMeHTAJIHM U3CJIe/ABAHUA HA 0e3)KHYHA BPb3KAa MEKIY /IBe U N0Be4Ye YCTPOHCTBA ¢
EVK-PRO’

C men TecTBaHe Ha BB3MOXKHOCTHTE Ha PAa3BOWHHUS MOAYN O€ M3BBpPIIEHA IMpOIEaypa 1o
YCTAaHOBABAHE HAa KOHTAKT MEXIY IBa IEPCOHAIHU KOMIIIOTHpPA U EVK—PRO3, a CBIIO Taka JBa
nepcoHanau kommoTepa, EVK-PRO® i mobunen Ttenedon. MogymsT 6e CBBp3aH MOCPEICTBOM
untepdeiicen xkaden tun COM (9 pin) — USB ¢ mepconanen kommiorsp. Enna SIM kapra
o6cnyxsante EVK-PRO®, kaTo KOMaHIHTE 3a MOAy/ia MOCTHIIBAXA IPe3 XHIIEPTEPMUHATA Upe3
USB emynanusara na COM nopTa. 3a npueMaliy ycTpoicTBa MocayKuxa nepcoHaieH KOMIIOTHD,
W3MBJIHSBAII POJIsiTa Ha ChPBBP ¢ 3G MoaeM u MobwieH Tenedon (dur. 3.).

GPRS

N

EVK-PRO’

®ur. 3. CxeMa 3a IPOBEX/IaHE Ha TECTOBE MKy JBE BBHIIHK ycrpoiictea 1 EVK-PRO’

TpancdepbT Ha AaHHU TIPE3 YCTPOUCTBOTO EVK-PRO’, ocbiecrsen ype3 AT komaHu B
XHUIIEPTEPMHHAJ, € TIOKa3aH B Tabnuia 1. B enqHara kooHa ca moka3aHu KOMaHIUTE 3a YIPaBICHUE
Ha MOJyJa, a B JIpyrara € HalpaBeH KOMEHTap Ha KoMaHauTe. B mppBara wact Ha Tabnuuara e
MoKa3aHa METOJIMKA 3a aKTUBUpPaHE Ha MOJYJa, CBbpP3BaHEe KbM MOOWIIHATA MpeXka, 3ajJlaBaHe Ha
PIN kon u u36op Ha 6a3oBa MOOWIHA CTaHIMs. BBB BTOpara yacT Ha Ta0JMIlaTa € MpeIcTaBeHa
METOJIMKA 33 TpeJlaBaHe Ha JaHHU KbM MOOWIICH Tene(OH M MepCOHAIEH KOMITIOTHD, BKIIIOUCHH B
MOOMIIHATa Mpeka Ha U30paHusi MOOMJICH OIepaTop.

Tabmnuua 1
Kondurypupane na moayn Telit B mporpamara Hyper Terminal upe3 AT xomanu
Tepmunanen nposopen B nporpamara Hyper Terminal KomeHTtap Ha koMaHauTe
at [IpoBepka 3a Hanmuuue Ha
OK KOMYHUKAaIUs
at+cgmr [IpoBepka Ha BepcusTa Ha
07.02.944 Moaysa
OK
at+tcgmm [IpoBepka na moxymna Telit
GE863-PRO3
OK
at#simdet? [IpoBepka 3a uneHTUPUKAIIAS HA
#SIMDET: 2,1 CUM Kapra
OK
at#qss=1 Hanuuune Ha cum Kapra
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OK

+COPS: (2,"M-TEL GSM BG",,"28401"),(3,"BG
03",,"28403"),(3,"GLOBUL",,"28405"),,(0-4),(0,2)
OK

at+cpin? [IpoBepka 3a HanW4YKe Ha UH
+CPIN: SIM PIN KOJI

OK

at+cpin=0000 [IpoBepka Ha THH KO

OK

at+creg? IIpoBepka 3a perucrpanus Ha
+CREG: 0,1 MoJlyJia B MOOMITHATa MpexKa
OK

att+creg=2 Komanna 3a cBasisiHe Ha KOo/1a Ha
OK CTpaHaTa U HOMEpa Ha KJeTKara
att+creg? [IpoBepka 3a mpaBUITHA
+CREG: 2,1,"1450","8BC3" perucTpaims Ha MOJlyJia B

OK MOOUWITHATa MpeKa

at+cops="? IIpoBepka 3a TOCTBIIHU KIETKU

3a BCHYKH MOOWIJIHU OTIepaToOpH

at#moni

#MONI: M-TEL GSM BG BSIC:20 RxQual:0LAC :1450
1d:8BC3 ARFCN:32 PWR:-48dbm TA:0

OK

ITpoBepka 3a u3dpaHa KJIeTKa Ha
MOOUJICH OnepaTop

IIpenaBane Ha nannu ot moayn Telit upes SMS

Tepmunanen npo3zopern B nporpamara Hyper Terminal

KomenTap Ha KomaHauTe

at+cmgf=? [IpoBepka Ha pexuMHUTE 3a
+CMGF: (0,1) IIpeaBaHe Ha MOJyJIa

OK

at+cmgf=1 3aaBaHe Ha TEKCTOB PEXUM 3a
OK npeJaBaHe Ha JaHHU

at+csca? [IpoBepka Ha HOMepa 3a SMS 3a
+CSCA: "+35988000301",145 n30paHuss MOOWIJICH orepaTop
OK

at#smsmode=0 3aaBa pexuM Ha padboTa

OK

at+cpms="sm"
+CPMS: 0,30,0,30,0,30

N30upa mamerTa Ha cUM KapTaTa
3a mpeJjaBaHe U pUeMaHe Ha

OK ChOOIIECHUSITA
at+cnmi=1,1,0,0,0 3aiaBa peKuM 3a yIpaBJIE€HUE Ha
OK JTAaHHUATE

attcmgs="+359887959273"
> send data via sms 00 20 40 60 80 A0 CO FF

M3mpaia Ha TECTOB SMS C JaHHU
B HEX ¢opmar kbM cuMm kapTa B

+CMGS: 20 monayna Telit

OK

+CMTI: "SM",1 [IpueTo choOIICHHE B CHM
OK Kaprara

at+cpms="sm"
+CPMS: 1,30,1,30,1,30
OK

[IpoBepka Ha mamMeTTa Ha CUM
KapTarta 3a Oposi Ha ChOOIIEHUsTA

at+cmgr=1

[IpounTane Ha U3IPATEHOTO
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+CMGR: "REC ChOOIIIEHNE OT CHM KapTa B
UNREAD","+359887959273","","11/12/16,16:53:36+08" | momyna Telit
send data via sms 00 20 40 60 80 A0 CO FF

OK

attcmgs="+359882907173" M3npama nanau B HEX popmar
> 0020 40 60 80 A0 CO FF kbM USB MoOwuiieH cTuK B
+CMGS: 21 MoOuWTHATa Mpeka Ha oreparopa
OK

[TonyyeHuTe EKCIEPUMEHTAIHUW JaHHH OT METCOPOJIOTMYHHM CEH30pH MoraT na Obaar
obpaborenu ome npeau Tpanchepa uMm. ToBa € pas3mpocTpaHeHA MPAKTHKA HA PEaUIla BOACUIH
bupMH, KOUTO NPOU3BEXKIAT METEOPOJOTHMYHM CTAaHIMU U mpeniaraT codpryep 3a Tax. C
M3IIOJI3BAHETO HA YMCIIEHW METOAM MOJKE JIa C€ MPaBU aHAJIU3 W IPOTHO3a Ha METEOPOJIOTUYHATA
obcranoBka. Kato mpumep, B HacTosmara pa3padoTka ca 00pabOTEeHH JaHHUTE 32 CIBHIIETPECHETO
or 28.12.2011 r. mo 09.01.2012 r. C mogxonsamo nporpamupane Ha ARM morar ga ce momydar
WHTETPATHUTE CTOMHOCTH Ha IJI00aHaTa Cl'lbHUEBa paauanus, dur. 4.

L, [W/m’]
HH I T I T I 1 T | | T

200 [~ i ‘ -

1] 50 jL 150 20H¥ 150 0y 350 400 450 Lt SHy St
Opoii oTueTH

®ur.4, CroliHoCTH 32 TJI00aTHaTa CTbHUYEBA paaualus BbB QYHKIIUS Ha OpOsi OTYETH 3a
TECTOBHUSI IEPUO/I.

OcBeH 4e € BB3MOXKEH aHAIM3 Ha SCHUTE U OOJIAYHU JHU, MOXKE Ja C€ MPEeCMETHE U
KOJIMYECTBOTO €HEprus, TMajama BbpPXY eauHuna tionl. Ilpu anpokcumaruss Ha JBe
MOCIIEI0BATEIHU CTOMHOCTH C MOMOIITA Ha KyOUY€eH CIUIaiiH, IUTTHOCTTA Ha CI'bHYEBATA paualiis
ce m3passiBa ¢ riaaka GyHKIHs, KOATO MOXE Ja ce qu)epeHIIpa U HHTETpUpa :

2
I;=a0; + al;.x + a2;.x* + a3;.x°, (1)
KBJACTO X € BPpEMCTO, a I e mrpTHOCTTA Ha TII00AIHATA CIITBHUYEBA paguanus.

Cnen nHTErpupase 3a s BpEMEHEH UHTEPBaJ ce Mojlydasa eHeprusara E, nagnana Bbpxy
2
I m” Xopu30HTaIHA NOBBPXHOCT :
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Tn
E:= f(t,I,t)dt

11

2)

KBJIETO T € BpeMe, f e KyOuuHaTa craitH-QyHKIMs, HUHTErpUpaHa Mo BpeMeTo t.
EcTecTBOTO Ha TaHHUTE € TaKOBa, Y€ KYOMYHUST CIUIallH MOXKE J1a C€ 3aMEHU ¢ OOMKHOBEHO

CyMHpaHe 110 BpeMEeHaTa KOMIIOHEHTA :
n
E:= Z L-At
! 3)

1=1

CymupaHeTo ce M3BBpIIBA MO BCUYKM KOMIIOHEHTH HAa HM3MEPBAHETO, & MHTEPBAIbT Ha
OoTYeTHTE JaHHU € At e 2 vaca. [lpu usnon3pane Ha kyOuuHus craiia, E = 12,121 [kW.hr.m’z]
cbriacHo (2), a mpu ooukHOBeHOTO cymupane E = 12,190 [kW.hr.m™] cbriacHo (3), KOETO 3a TaKbB
TUN JAaHHA € CHBCEM IpPUEMIIMBA TOYHOCT W mporpamupaneTo B ARM  me Obae necHo
peanu3upaHo.

4. I3Boau M 3aKJII0OUEHHE

[IpoBeneHuTe TECTOBE C JBa MEPCOHATHHM KOMMIOTHbpPa, MOOWJIEH TenedoH U EVK-PRO’
MOKa3BaT caMoO €JJHa MajIKa 4acT OT Bb3MOXKHOCTUTE 32 MPAKTUYCCKUTE MPUIIOKEHUS HA PAa3BOMHUSA
Moaya. TecTtoBe moraT Ja ce M3IO0JI3BAT Ha MPAKTHKA 3a PETPAHCIMpPAHE HA JAaHHU B NAKETEH
peXUM, TOJYYEHH B MEPCOHAJIEH KOMIIOTHP OT METEOPOJIOTMYHA CTAHIMS, KOSATO CE€ HaMHUpa B
OIM30CT 10 MACTOTO, KBJIETO € HHCTaTupaH Moayina. Ole mo-rojieMu Bh3MOKHOCTH 3a Ch3/laBaHe
Ha METEOPOJIOTMYHU CTaHIMM Ha Oazara Ha ARM Morar na ce peanusupaT upe3 NporpamupaHe
npe3 napasnennus uarepdeiic ,,jtag”. Kem ARM morar na ce BKJII04YaT J0CTaTh4eH Opoi aHAIOTOBU
U IM(POBU BXO/J0BE 3a BKIIIOUBAHE HAa BBHIIHUTE ceH30pH. C moMoIiTa Ha MOJyJia MOXeE Ja ce
cUMyJHMpa paboTaTa Ha METEOpPOJIOTUYHATAa CTAHIMS M MPH 3aJ0BOJIUTENHU TecToBe, ARM na ce
MOHTHpA Ha HOCEIIA IJIaTKa C BCHYKUTE Bb3MOXKHOCTHU 33 MHTepdeiicHa Bph3Ka, KOUTO TOH J1aBa.
ITo To3u Haunn ARM Moxe na ce mporpaMupa Ha caMo 3a chOupaHe u TpaHcdep Ha JaHHH KaTo
“mara jorep”, a ChIIO TaKa Jia ce€ U3BBPIIBAa 00pPabOTKA HA CYpOBHTE JaHHU OIIC MPEIU TE Ja Ce
tparcnupatr o GPRS. EnuHcTBeHUAT mo-3HauuTeneH dopManeH mpobiieM mpu pazpaboTkara Ha
TakaBa METEOPOJIOTMYHA CTAHIIUS MPEACTABIsIBA HEOOXOIUMOCTTa OT TUIaTKa W BPBH3KH, KOUTO Ja
M31bpXKAT HA HUCKHU TEMIIepaTypH, MPU KOUTO HEMUHYEMO €Ha MET€OPOJOTUYHA CTaHIUs CIIE/IBA
na paboTu.

B pesynrtar Ha excnepuMeHTa € MOTBbpAeHa paboTaTa Ha cUcCTeMaTa W MPENJIOKEHUST
AITOPUTBM 32 O00pabOTKa Ha [aHHUTE € TNOAXOomAl 3a OBp30 W YHAOOHO peanu3upaHe B
Mukpomnporecopuute ARM 6a3upanu KOMyHHUKAITHOHHUA CUCTEMH.

5. brarogapuocTu

Hacrosmara nmy0nukamus e peaiusupana chC CpeCcTBa, 3akynenu no mpoekt [1/1-11, 2011,
Ha TY - Bapna.
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AHAJIN3 HA HAAEXKTHOCTHU XAPAKTEPUCTHUKU HA
NHOOPMAIIMOHHU HEHTPOBE

ITersp LI. AuToHOB, Pocen C. PagkoB

Pesrome: Pasrnexxgar ce mpoOneMu Ha HM3rpaXkaaHeTO Ha HMH(GOPMALMOHHM LEHTPOBE C MHOI'O BHCOKa
HaJICKIHOCT Ha ¢yHKuuoHupaHe. [Ipeqmara ce moaxon 3a aHajdu3 Ha HAJSKIHOCTHU XapaKTEPHCTHUKU Ha
TaKHBa LIEHTPOBE.

KirouoBu aymu: nHhopManmoHeH LEHTHP, HAASKIHOCT, 0€30TKa3HOCT.

ANALYSIS OF THE DATA CENTRES DEPENDABILITY CHARACTERISTICS
Peter Ts. Antonov, Rosen S. Radkov

Abstract: The paper considers development problems of the data centres with very-high dependability of the
functioning. An approach for dependiability characteristics analysis of such centres is offered.
Key words: data centre, dependability, reliability.

BbBenenne

KakTo e u3BecTHO, €1HO OT Hail-BaKHUTE M3UCKBAHHS KbM CHhBPEMEHHUTE KOMIIOTHPHHU
CUCTEMH U MPEXKH € U3HCKBAHETO 32 OCUTYPSBAHE HAa BUCOKA HAJCKIHOCT HA (yHKITMOHUPAHE [5, 6
u 1p.]. B mbiHa creneH ToBa ce OTHACAd M KbM Taka HapeueHuTe WH(opmannoHHU LeHTpoBe (data
centres), OpOSIT U 3HAYMMOCTTA Ha KOUTO Tpe3 MOCICIHUTE TOJUHU CHIIECTBEHO HapacTBa. Te3um
LIEHTPOBE MOrar Ja ObIar: KopnopamuseHu, W3TPAICHU 32 HYKIUTE Ha OTACTHU OpraHU3alud U
bupmu, Komepcuarnu (aymcopcuneosu) - NIpeAHAHAYCHU 3a MPEIOCTaBIHE HA BUCOKOKAYECTBEHHU
yCIyTU HAa BBHIIHU KJIMEHTH, KAaKTO U OT cmecer TuUll. OCHOBHHUTE U3UCKBAHHS 3a IMPOEKTHUPAHE,
u3rpaxaane u pyHKIMOHUpPAHE HA TAKWBA IICHTPOBE Ca OMPEICIICHN B MOMYJISIPHUS aMEPUKAHCKU
crannapt ANSI/TIA-942 [4 u np.] u HeroBus eBporneiicku ananor EN 50173-5.

CrangaptsT ANSI/TIA-942 ¢ pa3paboteH ¢ ydactuero Ha moBede oT 60 opraHu3anuu H
bupMH OT TEICKOMYHUKAIIMOHHATAa cpepa W € CBBP3aH C PEeAHIa MEKIYHAPOJTHU CTaHIAPTH U
ceriamenus, karo: ANSI/TIA/EIA-568 (B.1, B.2 u B.3), ANSI/TIA/EIA-569-B, ANSI/TIA/EIA-
606-A, ANSI T1.336, IEEE Std. 1100, NFPA 101 u np. M3uckBaHusTa Ha CTaHIapTa 0OXBaIIAT
MHOTO HIMPOK KPBI OT BBIPOCH, CBBP3aHU C LSJIOCTHOTO MPOEKTHUpaHEe Ha MHGOPMAIMOHHUTE
IIEHTPOBE, CTPOUTEIICTBOTO (Ha 3/IaHUATA, MAITUHHUTE 3aJU U APYTUTE HEOOXOAUMHU TIOMEIICHHS),
nondopa Ha 00OpPYIBAHETO, C €NEKTPO3aXpaHBAHETO, KIMMATH3AIUATa, KOHTPOJa Ha JOCThIa (10
MMOMEIIEHUATA U PECYPCUTE), CUCTEMATa 3a MOKAPOU3BECTSABAHE M TOXKAPOTraceHe, HaJeKTHOCTTA
Ha (YHKIIMOHUPaHE, OCUTypsIBaHE Ha 0€30M1acHOCTTAa Ha MEPCOHANa U JIp.

B npomeca na pabora Ha HWHPOPMAIMOHHUTE IICHTPOBE € BBH3MOKHO BBH3HHUKBAHETO HA
peauna npoOiaemMu, KOUTO B KpaliHa CMETKa MOraT Jia IOBEAaT 10 MPeCcToi M 0TKa3 3a 00CiIyXBaHe.
3a KOJMYECTBCHA OIGHKAa B TOBAa OTHOIICHHE YECTO C€ W3IO0J3BAaT B3aWMHO-CBBP3aHUTE
HAJECKTHOCTHA XapaKTEpPUCTUKH - YacT (B MPOLEHTH) Ha BpeMeTo 3a paboToCcmocoOHOCT
(%Uptime) n/mumu Bpemero 3a npectoir (Downtime/per year) B TedeHUE Ha ToAuHa. B 3aBHCHMOCT
OT CTOMHOCTUTE Ha TE3U XapaKTEPUCTHUKH, CTAHIAPTHT OIMpeess YeTUpU Kiiaca IeHTpoBe: Kiac 1
(Tier I), xnac 2 (Tier II), xknac 3 (Tier III) u xnac 4 (Tier IV). JlumuTupanuTe CTOMHOCTH Ha
“%Uptime” u “Downtime/per year” 3a oTIeIHHTE KilacoBe ca, cboTBeTHO: Tier I — 99.671%, 29
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qaca; Tier II — 99.749%, 22 waca; Tier IIl — 99.982%, 94 munytu u Tier IV — 99.995%, 26
MUHYTH. OYEBUAHMAT CTPEMEX € KbM OCUTypsiBaHE Ha ycioBuero 24/7/365, xoero o3HauaBa
paboTOoCHOCOOHOCT Ha IeHTpoBeTe 24 Yaca B JCHOHOLIWE, 7 JCHOHOLIMS B ceAMHUIaTa U 365
JCHOHOIINS B TOAWHATA.

[IpenBua Ha MOKa3zaHaTa MO-TOPE CHUIECTBEHA 3HAYMMOCT Ha HAJEKIHOCTTA Ha (DYHKIHO-
HUpaHe Ha WHPOPMALMOHHUTE LIEHTPOBE, MO-HATATHK B HACTOSAIIATa paboTa ce M3jara MoaxoJ 3a
OIpeesIHE U aHAIN3 Ha TEXHU HAJIEKTHOCTHU XapakTepucTHkH. Kakro me 0b1e orOens3aHo mo-
1oy, obade, HE MO-MAJIKO BIHMSHHE BBPXY KaueCTBOTO HA TE€3H LIEHTPOBE OKa3BaT M CHOTBETHHUTE
XapaKTEPUCTHKH Ha CUTYPHOCTTA U 0€301acHOCTTa.

IToaxox 3a OleHKA H AHAJH3 HA HAJEKTHOCTHH XapPaKTePHUCTHKH
HAa MH(POPMALMOHHH IIEHTPOBE

B HacTosmara pabota NOHATUETO Hadedconocm, B CbOTBETCTBUE C MpeIokeHoTo B [1], ce
pasrmiiexaa KaTo €KBUBAJIEHT Ha aHIJIOE3UYHOTO NMOHSTUE dependability, ¢ onpenensmu aTpuOyTu:
TOTOBHOCT UM paboTtocnocobHOCT (availability), 6e3oTkazHocT (reliability) u Bb3CTAaHOBUMOCT WK
PEMOHTONPUTOJHOCT (Mmaintainability).

3a nenuTe Ha OLIEHKATa M aHaju3a KaTo MPUMEpP Ce M3MO0JI3Ba Pa3paboTeHUAT U aHAIU3UPAH
B [2] uH(OpMaAIMOHEH LEHTHP, TOMOJOTHYHATA CTPYKTypa Ha KOWTO € MpeacTaBeHa Ha ¢wur. 1,
KBJETO:

- ISP1 u ISP2 - nBa pa3nuyHM, HE3aBUCUMH U HECBBP3aHU €AWH C APYr JTOCTABUMIU Ha
Wutepner ycnyru (ISP - Internet Service Provider);

- ASI1, AS2 u AS3 - aBroHOMHU cucTemu (AS - Autonomous System);

- eBGP - BpHIIEH (exterior) MapmIpyTHU3HpaI] MPOTOKOI MEXAy aBToHOMHH cuctemu (BGP -
Border Gateway Protocol);

- IP1 u IP2 - anpecu 3a 10CTHII 10 CbPBBPUTE HA UMEHA;

- R1 u R2 - mapmipytusaropu (routers);

- F1/F2 u F3/F4 - nBa koMIiekTa ot 1o ABe 3anmmtau creHu (firewalls), paboTemu B KIrbCTep
u KoHburypupanu B high-availability pexum;

- OSPF - Bprpemen mapmpytusupamnt npotokod (OSPF - Open Shortest Path First);

- S1/S2 u S3/S4 - nBa xoMmIUIeKTa OT MO JBa KomyTaTopa (switches) BbB BCEKH KOMILIEKT,
KoH(uUrypupanu B high-availability pexum;

- DCI u DC2 - aBe oTaenHu chpBbpHU MOMELIEHUS (BB3JIH), PA3MOJI0KEHU Ha PA3CTOSHUE OT
MIOHE HIKOJIKO CTOTHUIIM METPa €JHO OT JIPYro, B KOUTO Ca PA3IOJII0KEHH 10 €HH IHAKHB
KOMIUIEKT ChbPBBPH;

- Layer 2 link - nuHus 3a ocurypsiBaHe Ha CBbp3aHOCT Mexay aBata Bh3ena DC1 u DC2 Ha
BTOpO HUBO Ha OSI Mozena;

- nsl. proba.com - cepBbp Ha uMeHa (DNS - Domain Name Server) 3a DC1, gocTbren upes
1P1;

- ns2. proba.com - cbpBbp Ha UMeHa 3a DC2, noctwnen upes [P2;

- WWW - web ChpBBpH.

Ha ocnoBanme Ha mpoBeneHus B [2] aHanu3 Ha paboTaTra M MOBEACHUETO MPU PA3IUYHU
nedextu (0TKaszu), WHOOPMANMOHHUAT UEHTBP OT ¢ur. 1 Moxke ma Obae MNPEACTaBeH B
HAJEKTHOCTEH CMHUCHI Upe3 CXemara, Moka3aHa Ha (ur. 2, KbAETo:

- Psk, Psw, P, Pr 1 Py - BeposiTHOCTH 3a Ge30Tka3Ha paboTa, ChOTBETHO Ha CHPBBPHUTE

KOMILIEKTH, KOMYTaTOPUTE, 3ALUTHUTE CTEHU, MAPLIPYTU3AaTOPUTE U JIMHUUTE 33 BPb3Ka C

JToCTaBUMIINTE HA IHTEpHET yCIyTH;
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- 1 Gr, I Gr, Il Gr - Tpu rpynu OT YCTpoiicTBa Ha MH(POPMALMOHHUS IEHTHP, KOUTO, OT
rJieHa TOYKa HAa HAJEKIHOCTHHS aHAJIN3, Ca B IIOCIEA0BATEIHO ChEIUHEHUE;

- CB - ycnoBeH ko4, ¢ momorira Ha koiTo I Gr ycrpoiicTBa Moke 1a ObJie U3KITI0YCHA OT
cXemaTa M Jla He ce pas3rjexia MpH OLEHKaTa Ha HaJAEXKAHOCTTAa (CMUCBHJIBT HAa Taszu
BB3MOXHOCT C€ MOSICHSABA MO-J0JTY).

41052 54
Elﬁ'.“llﬁ

Mol com e NEl g o e

Pur. 1.

Cxemara Ha ¢ur. 2 Moxe 1a ObJie OTHeCEHA KbM Taka HapeYeHUTE MHOTOCTETICHHH HaJCK /-
HOCTHU cXeMH [3], KOUTO ca MOCJIeN0BaTeIHU, C KPbCTOCAHU BPB3KH WK OT cMeceH Tull. Criopen
Hac € I1eJIecho0pa3HO TEe3M CXEMU Ja Ce pasmiIekIaT U KaTo lepapXuyHu TaKuBa, ThH KaTO BCSIKa
CTCIICH OT JIaJICHO HUBO Ha fepapxusara Moxke JAa ObJe OT CBOS CTpaHa ChI0 MHOTOCTEIICHHA CXeMa
u T. H. B ciydas, npu otBopeH kimod CB cxemara ce siBABa TPUCTENIEHHA MOCJIEA0BATENHA, a TIPU
3aTBOPEH KJIIOY C€ MPEeBpPbHIla B AByCTeNeHHA TakaBa. [locienoBaTemHOTO CBbp3BaHE O3HAYaBa, e
KaTo 110 CXeMUTE Iie ObJaT paboTOCIOCOOHH, aKO €THOBPEMEHHO ca pabOoTOCIOCOOHU BCUUKHU
ChCTaBJISIBALIM IPYIU (CTENIEHU) YCTPOHCTBA.

Torasa, ako ¢ Ppc 0003HaunMM BeposATHOCTTA 3a Oe30TKa3Ha paboTa Ha WH(DOPMALMOHHUS
IEHTHP, a ¢ Pig, P 1 P - BepostHOCTHTE 32 Oe30TKa3Ha paboTa, CHOTBETHO HA IIbPBA, BTOpA U
TpeTa rpyna (CTeneH) ycTpoiicTBa, TO
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Py = P;.Pyg-Pug - ipu otBOpeH kimou CB u (1)

Py = PPy - 1pu 3aTBOpEH KiIrou. (2)
CB
" u
Py P
Pk B ]
- P P: P a
A P P: I_ P, P
R - = -
i Pow P:
| Gr I Gr "l Gr
@®ur. 2

B HagexxmHOCTeH CMUCHI IbpBara rpymna (crerneH) I Gr ot ¢ur. 2 npeacraBisBa MoCiIeI0-
BaTEIHO-TMapajeIH0 CheAMHEHHE OT JBE IOCJIENOBATEHU MOATPYIH, CBbp3aHU mHapajnenHo. Ot
CBOSI CTpaHa, BCAKA OT T€3U MOATPYIH MOXKE Jla Ce pasriiex/ia KaTo MociaeoBaTeIHA JBYCTENIEHHA
cXema, ¢ MapajieJIHO CBbpP3BaHE BbB BTOpATa CTEIICH.

Bropara rpyna II Gr ot ¢ur. 2 e uncTo napaneiaHo CheAMHEHUE OT YETUPU KOMIIOHEHTA
(cmyuait Ha YeTUPUKpATHO pezepBupane), a Tperata rpyna Il Gr, nogmo6no Ha I Gr, mpeacrasnsaBa
T10JIeI0BATEITHO-TIAPAJICIIHO CheANHEHUE.

Ha Ta3u ocHOBa, BBBEACHUTE MO-TOPE BEPOATHOCTU 3a O€30TKa3zHa paboTa HA OTACIHHUTE
rpynu (crenenu) ycrpoicta Pig, Pyg u Pyig MoraT na 0baat onpezenenu o cieIHus HauuH:

P =1 {1- Py [1-(1- Py )1}

, (3)
= 4PSKPSW - 2PSKP52w - 4P82KP52W + 4P52KPS3W - PSZKP;W
_1_(1_ 4 _ _ 2 3 p4
P =1-(1-P.)" =4P. —6P; +4P; - P;, 4)
IIIG =1- (1 PRPL)2 =2PRPL _PEPE- (5)

B macrosmus MOMEHT OOJIIMHCTBOTO WMH(GOPMAIIMOHHHM IIEHTPOBE B CBETAa MOraT Ja ce
npuuucasaT kpM kinac 3 (Tier III) unm xaTto Hamupamm ce Mexay kiac 2 u kinac 3. Cpioro ce
OTHAacs U 3a LEHThpa OT ¢ur. 1, pa3paboTeH KaTo KOPIIOPATUBEH LIEHTHDP C YJOBIETBOpSBaHE Ha
M3KUCKBaHUsATA 32 Kiac 3. ToBa o3Ha4aBa, ue BEpOSITHOCTTA 3a Oe30TKa3zHa paboTa Ppc He TpsOBa ma
e mo-mMajka ot 0.99982, a BpeMeTo 3a MpecToil - He MO-roJsIMO OT 94 MUHYTH 32 FOJIMHA.

OueBuaHO €, Y€ 3a MOoJyuyaBaHe Ha HE0OXOoauMaTa CTOMHOCT Ha BEpPOSATHOCTTA Ppc € HeoO-
XOJUMO Jia C€ OCUTYPAT CbOTBETHU CTOMHOCTH U HA TPUTE BEPOATHOCTH Pig, Prig 1 Piyg. Jlornuno e
Py TOBAa Jla CE€ IMOCTAaBU KAaTO KPAaWHO YCJIOBHE YCJIOBHETO 3a ONTHMAIHOCT HAa Pa3xOJHUTE 3a
U3rpaXkaaHe Ha LeHThpa. [IbpBoHAYamHO, 0Oaye, € IeaechoOpa3HO Ja Ce€ HAaNpaBH aHAIU3 MPH
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MPUOIU-3UTEITHO €HAKBU BEPOATHOCTH Pig=Pic=~Puig, cimem koero na ce mnpeMuHE KbM
ontumMu3npane. M3xoxnalku OT TakaBa MOCTAHOBKA, IMO-J0JYy C€ PA3IekIaT MOCIEIOBATEIHO
TpHTE CTeNeHH OT (ur. 2.

3a Bcska OT ABere mociienoBaTenHu noAarpynu Ha [ Gr, KOMTO ca CBbp3aHU MHapajeHo,
MOJKEM JIa TIPHEMEM MPUOTU3UTEITHO €THAKBU BEPOSITHOCTH 3a 0€30TKa3Ha paboTa Ha CHPBBPHHUTE

2
KOMIIJIEKTU U Ha NapaJleIHUTE CbeIMHEHU Ha KoMyTaTtopute, T.e. Py =1—(1- P, )”. Torasa,

Plel_(l_PszK)z o Py =1-41-Pg . (6)

Bropa rpyna II Gr BkiaouBa caMO €IMH KOMIIOHEHT - 3alllUTHA CTEHA, MOPaaud KOETO
ChOTHOILIEHUE (4) ce 3ama3Ba HEpoMeHeHo. 3a Tpeta rpyna III Gr

Pp=P =Py u Py=1-(1-Pg)". (7)

[Ipu TOBa mMOJOXKEHUE BEPOATHOCTTA 3a 0Oe30TKazHa pabora Ppc Ha mHOpmannoHHUS
LEHTDP 1I€ C€ ONPEAETU OT CbOTHOILIEHUETO

Ppe =[1=(1=Pg) 11 - (1= P)* 1[I - (1= Py )’]. (8)

N3meHeHusATa Ha BEPOSITHOCTUTE OT ChOTHOIIEHUS (6) U (4) ca mpencTaBeHU, CbOTBETHO Ha
dur. 3 u dur. 4. Ha dur. 4 e moka3aHO JOIBIHUTEIHO U HOBEACHUETO Ha Prg«=1-(1-Pf)° (cmyuait
Ha pe3epBHpaHe ¢ KpaTHOCT miecT). I'padukara Ha BeposTHOCTTA Pijig 0T choTHOMIIEHHUE (7) ChBMaga
¢ Ta3u Ha P ot (6).

PIG’ PSW
1,00

0,80 A
0,60 -
0,40 A
0,20 A

0,00 a T T T T
0,00 0,20 0,40 0,60 0,80 1,00

- Psw

Psk

@ur. 3.

PIIG7 I:’IIG"‘

1,00
0,80 -

I:,IIG"'
0,60 - -Pue
0,40 -
0,20 -

Pe

0,00 - . . . .
0,00 0,20 040 060 0,80 1,00

@ur. 4.
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Tpil KaTO 3aIMTHUTE CTCHH MoraT aa ObJaT pe3epBUPaAHH 0 KpaTHOCT, oOe3redaBalia
BEPOSATHOCT 3a 0e30TKa3Ha pabora Ha Bropara creneH Ppg—1 (Bmwk ¢ur. 4), a ocBeH TOBa, ciiel
OTKa3 Ha BCHUYKH 3aIUTHH CTEHU IICHTHPHT € B CHCTOSHHUE Jla MPOABIDKH Ja (HYHKIIMOHHpA 3a
M3BECTHO BpEMeE, TO 3a ONMPOCTSBaHE HA aHaM3a KIroYbT CB Moe /1a ce pasriiexaa KaTo YCIOBHO
3aTBOPEH M TOraBa BEPOSATHOCTTA Ppc Ie ce ompeesiv 0T ChOTHOIICHHUETO

Ppe =[1= (1= Pg) 11— (1-Pg, )] )

IIpu TOBa, KakTO O€ OTOENA3aHO MO-TOpPE, € Leaecho0pa3Ho ABeTe BepoaTHOCTH Pig u Prg
IBPBOHAYAITHO Ja CE€ Pa3rIekJaT KaTO MPUOIHM3UTEITHO €IHAKBU (B Cliydas TOBa IE O3HA4YaBa
P1g=Pmc=0.99991), cien xoeTo na ce MOTHPCIT BH3MOKHOCTH 32 €BEHTYaTHO ONTHMHU3HpAHE Ha
pa3xoauTe, Ype3 HaMaJsiBaHE Ha €{HaTa BEPOSITHOCT U ChOTBETHO YBEJIMYaBaHE HA JpyraTa.

Axo ce mpueme Psg=Pr1, TO

Ppe =[1-(1=P5)’T". (10)

Ot cwvorHomenue (10) mpu %Uptime=99.982% 3a uentsp ot kiac Tier III moxe ma ce
omnpeaensT AonHara rpanuna Ha %Uptime=99.5245% u ropnara rpanuna Ha Downtime=41.65 yaca
Ha TOJAWHA - 32 ChPBBPHUTE KOMIUIEKTU. B ciyuass Te3um rpaHunm TpsiOBa aa ce mpueMaT u 3a
MapIIpyTU-3aTOPUTE U TUHUHUTE 32 Bpbh3ka KbM MHTEpHET.

Ot BrOpara dopmyna (3a Psw) B choTHOmIEHHE (6) MOrar Jia ce M3YUCIAT U ChbOTBETHUTE
JOTHA W TOpHA TpaHWIM 32 KOMYTaTOpPHTE, KOHWTO C€ TMOoJy4yaBaT KakKTO ClefBa:
%Uptime=93.1044% u Downtime=604 yaca Ha KOMyTaTOp 3a €JHAa TO/INHA.

Kakto 6e otbensizaHo mo-rope, B Hacrosara padoTa BHUMAHUETO € CbCPEAOTOUYEHO
OCHOBHO BBPXY HaJleXIHOCTTa Ha pyHKIIMOHUpaHe. Ho m3xoxaaiiku ot [1] Moxke 1a ce TBbpIH, ye
WH(OPMALIMOHHUTE IICHTPOBE, KOUTO C€ SBABAT CIOKHU UYOBEKO-MAIlMHHU CHCTEMH, €
nenecro0pasHo jaa ce pasriexaar karo RDSS (Resistance, Dependable, Safe, Secure) cucremu c
U3MOJI3BaHe Ha KOMIUIEKCEH MOIX0J KbM TSXHATa HaJAEXKIHOCT, CHTYPHOCT U 0€30MacHOCT U Ja ce
OIICHSBAT C IMOMOINTa Ha MpeaIokeHuss B [l] KOMIUIEKCEH TOKaszaTten 3a YCTOM4YMBOCT R
(resistibility)

R = F(KDEP’ KSAF’ KSEC ), (1 1)

KOWTO ce ompezens oT rpynoBute mokazatenu: Kppp - 32 Hagexanoct (dependability), Ksar - 3a
6e3omacHoct (safety) u Kgpc - 3a curypHocrt (security).

Crnopen [1]
— bDEPKDEP + bSAFKSAF + bSECKSEC
bDEP + bSAF + bSEC

R

; (12)

KBAETO bppp, bgap, Dgpe - CTOMHOCTH HA CHOTBETHUTE TEITIOBHH KOS(PUIIUEHTH, 3aBUCEIH OT 3HAYH-
MOCTTa Ha TPYIOBUTE IIOKA3aTEH 32 KOHKPETHUTE CIydau.

3akjaueHue

B 3akmrouenuwe 1me OTOETEKHMM, Y€ U3IOKEHHMAT IIO-TOPE IMOAXOJM 3a aHalIu3 Ha
HAJISKIHOCTHU XapaKTEpPUCTUKA MOXKE Ja Ce M3MOoI3Ba M IPH BCAKAa Jpyra CTPYKTypa Ha
nHpopManMoHeH HeHThp. OCBEH TOBa, HAJEKTHOCTHUTE CXEMH, MOAOOHM Ha Ta3u OT ¢wur. 2,
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MI03BOJISIBAT Ja CE HAIIPAaBH U CPaBHUTENICH aHAJIN3 MEXKIY pa3IMYHU BapHaHTU Ha pe3epBHpaHE Ha
yCTpOMCTBaTa Ha eTarna Ha IPOEKTUPaHE.
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MPEMNOPBYBAILLM MOAXOJIN B COLIUATHATA MPEKA

Muiien Yeuen

Pe3rome: Ta3u craTus onmcBa pa3NTUUHUTE HAYMHM 32 MPENOpBhYBaHe Ha HH(GOPMALUS B COLMATHATA MpexKa
OeiicOyk. Pasrmemanm ca mnpeanaraHuTe OT CONMAiHATA MpeXa NPUCTaBKM 3a IMpernopbyBaHe Ha
nHpOpMaLusl, KaKTo M TsxHaTa ynorpeda. OmucaHa e ChLI0 Taka HEOOXOAMMOCTTAa OT NMPENOpPbUBaHE Ha
ChIbp)KaHUE Ha MOTPEOUTENINTE U € pasriielaH, KaTo Hall-BayKeH 3a MOTpeOUTENs, TPOOIEMbT C MPEKaIeHO
rojieMusi NMOTOK OT HOBHMHM. [IpoOneMbT € aHamM3upaH U € MPEUIOKEHO PEIICHUE, Peaau3UpaHo KaTo
MPUIOKEHUE HHTErpUpaHo BbB DeiicOyK, M3BbPIIBAIIO (rUITpHpaHe Ha MOTOKA OT HOBUHH.

Recommender approaches in the social network
Milen Chechev

Abstract: This paper describes the different ways to recommend information in the social network
Facebook. Social plugins are reviewed as one of the approaches that are provided by the social network, but
the main focus is on the problem with news feed information overload of the user. The problem is analyzed
and a concrete solution is provided - a Facebook application that performs information filtering on the user's
news feed based on his preferences.

YBoa

Ot cb3naBanero cu npe3 2004 roguHa a0 cera d)el7lc6y1<1 MOCTOSIHHO MPUBJIMYa HOBU M HOBU
YJICHOBE, KaTo CTaTUCTUKaTa ToKa3Ba, ue mnpe3 toau 2011 Bewe wuma 800 wmunamona
notpeburenu[1][8]. [IpuBrekaTenHOCTTa HA COLUATHUTE MPEKHU € B CIIOJCISIHETO MEKIY MPHUATENN
Ha pa3HooOpa3Ha uHbopMaIus, KOSITO MOKe Aa Ob/e oTOeNsI3BaHa, ye € XapecBaHa, KOMEHTUPaHa U
pasmpocrpansiBaHa. J{OCTBIIHOCTTa Ha CHOACISHETO Ha uWHGOpManusa, ob6ade, € KakTo
MIPUBJIEKATENTHO, TaKa U mpobseM 3a norpedurtenure. Criopes cTaTUCTHKATa €UH MOTPEeOUTEN BB
DeiicOyk uma cpearo 130 npusrenu [8]. [Topaau roieMus Opoit IpUATEITH, TOTPEOUTEIAT HE MOXKE
Jla OTCee KaKBa 4acT OT MoJlyyaBaHaTa OT TSAX MH(OpMAIMs HAUCTUHA TO UHTEPECYBa U KAaKBO MOXKE
na mpomycHe. Ilogo0eH e OCHOBHUST mpoOiieM Ha HM3BIMYaHeTo Ha wHGopmanus (information
retrieval), 3apagu koiito Google nmpuno6uBa momynsipHocT B Kpast Ha 20 Bek. Ilpunukara e, ue
noTpeOuTensIT TpsiOBa OBP30 M JIECHO Ja MOXKE Ja ce crodue ¢ mHpopMmanusaTa, KOSITO HCKa. 3a
pasnuKa OT callTOBETE 3a ThPCEHE, B COI[MAIHATA MpEKa YeCTO MOTPEOUTENSAT HE 3HAE KAKBO IO
WHTEpecyBa M 3aToBa WH(pOpManusara TpsOBa na My OBbJE NPEIOCTaBEHA M COPTHUPAHA CIPSIMO
MPEAMOYUTAHUATA MY, O€3 J1a € HEOOXOAMMO U3PHYHO J1a 51 THPCH.

[IpenopbuBaneTo Ha UH(OPMALIHS € MHUPOKO U3CIEIBaH MPOOJIeM B MOCIETHUTE TOIUHU. 3a
TOBA JIONPHHACA AaKTYaJIHOCTTa Ha MpoOJieMa 32 KOMEPCHAIHH MPOIYKTH, KAKTO W TPOBEIACHHUTE
MHOJKECTBO CbCTe3aHHUA B obOnactra mpe3 mnocneanute roauHu - NetflixPrize[3], KDDCup
2011[4][5], ECML-PKDD 2011 Discovery Challenge[6].

IToaxoau npu npenopbYBaHeTO

[Ipe3 2010 deiicOyk 3amouBa MpeOCTaBIHETO HA COLIMATHU MpHUCTaBKH (plugins) 3a BHHIIHU
3a colMajHaTa Mpeka CalTOBEe, KOETO MO3BOJISIBA HA MOTPEOUTENNTE Ja XapecBaT, KOMEHTHPAT U
CTIOACTAT ChIbPKAHMETO Ha BBHINHUS caiiT. [Ipennara ce m npucraBka recommendation plugin,
KOSITO TPEAOCTaBs MPETIOPBKU 3a pPa3IMYHUTE CTPAaHUIM OT caiita. ToBa TmoO3BOJIsABA Ha

" http://facebook.com
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MOTPEOUTENIS JICCHA HABUTAIIMS B CaiiTa Bh3 OCHOBA HA TOBA KAKBO Ca Xapecald HETOBHUTE MPHUATEIIN
U IPYTUTE TIOTPEOUTEIH.

IIpe3 centemBpu 2011 DeiicOyk pa3mupsiBa noaapbxkKara Ha open graph protocol[9][10], ¢
KOETO TO3BOJISIBA MMOTPEOUTEIIUTE J1a Ch3AaBaT MO-CJI0KHU B3aUMOBPB3KU ChC ChABPKaHUE. B mo-
cTapaTa BepcHs €IMHCTBEHATa pelnalus, KoATo ce moaabpxa e, "xapecsa" (like), a cera Beue Bceku
aaMuHHACTpaTop Ha DelicOyk MpHIIOKeHNE MOXe 1a NeUHUpPA pealuTe, ¢ KOUTO MOTPEOUTEISAT
Jla ce CBbp3Ba C pa3NUYHHUTE OOCEKTH B caiiTa. 3aenHO ¢ OeTa BepcHUsATa Ha HOBaTa MOAAPHIKKA Ha
open graph protocol, ce craptupat u Oera BEpCHUTE HA JBE HOBH COIMAIHU TPUCTABKH -
recommendation bar u recommendation box (durypa 1). Te ca momobuu Ha recommendation
MpHUCTaBKaTa, KaTO OCHOBHATA Pa3lIMKa €, ue 3a pas3liuka OT Hes B3UMar mpeasua He camo like
penanusaTa, a BCMUKH pellallii, CBbP3aHU ¢ JOMEHHA Ha caifTa.

Mpenopbrm
“mmm Introducing the Subscribe Button for
* : Websites

CEM r Ly T T ——
Sl O ¥WM NpenopDeSBaT Lubd.

Games Hack Tickets Available, but Going
Fast

273 AV NPpENODEYE

ﬁ Page title
=

Early Results: Social News and the Open T
Graph g Xapecsamd | [§ Add to Facebook

1YLUM NPENOpBLHEAT TOBE. http:/ /chechev.com/
Ab Ba xapecsa TOBS

®@ur. 2. Recommendation Box u Recommendation Bar cornmaxan npuctaBku

ConuanHuTe TPUCTaBKH MpeJyiaraT MpenopbKU caMo 3a ChIBPKAHUETO HA OMPEJEICH CailT,
0e3 J1a cH MOCTaBAT 3a 3aja4a Jia MPaBsT MPENOPBKA OTHOCHO TIOTOKA OT HOBA MH(MOPMAITHS, YHHTO
pa3Mep ce SBsiBa OCHOBHHSAT IMPOOJIEM B COITUAITHATA MPEXKa.

OcHOBHOTO mpeau3BUKaTeNcTBO BBB DeiicOyk, KoeTo pasznuyaBa mpobiema  OT
MPENoOpbYBAHETO HA JAHHU CbC COLMATHUTE NPHUCTABKU WJIA MNpoOJeMUTe, pelIaBaHu OT
ropen3OpoeHUTE ChCTE3aHUsA, € OBbpP30 NpOMEHAIIaTa ce cpena. Bceku JeH B MpexkaTa ce
myOJIMKyBaT MIJIMOHM HOBHHH, KAaTO CBHIIEBPEMCHHO CTapUTE HOBHUHH CTaBaT BCE IMO-MAaJKO
aKTyaJIHU C T€UYEHHE HA BPEMETO.

B momenTa ®elicOyk mpessara Ba u3rjiena 3a MOTOKa OT HOBUHM - "Hali-HOBH" W '"Haii-
BaxHU". B m3rnmena "Hal-HOBU" MOTOKBT OT HOBUHHM HE € COpPTHpaH, a ce IOKa3Ba B pela Ha
nocTelBaHe Ha HoBuHUTE. [Ipy wm3riena "Haii-BakHU" HAKOM OT HOBHHHUTE ca IMOAPEICHU IIO-
Harpes, MOHEXKe ca XapecBaHW OT rnoBeue xopa. [1o To3u HauMH HSIKOM OT MO-CTApUTE HOBUHH CE€
BIDKJIAT KaTO IIbPBU HOBUHH.

AHaIu3 Ha 3aJa4ara

@eiicOyk npenoctaBs nporpameH uHtepdeiic graph API, ¢ koliTo Moxe na ce nocTbliBa
uHpopManus 3a NOTpeOUTeNs U HETOBUTE MPUSTENM CIPSAMO MPEAOCTaBEHHU MpaBa 3a Joctsn [11].
OcHoBHata wHpOpMaNHs, KOSITO MOXE Ja CE€ JOCTBIH, €. HMpOopHJI Ha MOTpeduTens, andymu,
KOMEHTapH, BPb3KH, IPUATENH, C KOUTO € CBbP3aH, U HH(pOpMaLUs 32 TSX.
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Upes ¢ynkiusara "home" ot graph API, nmpunoskeHunero monyuyasa 1eNns COUCHK OT HOBUHU
3a KOKpeTeH MoTpeOuTeN Ha MPUIOKEHHETO. B TO3M MOTOK CpelHO CTaTUCTHUECKUST MOTPeOUTeN
[0JIy4yaBa CTOTHIIM HOBMHM Ha JEH. 3ajayaTa Ha HaIIETO MPWJIOKEHHE € J1a TU MOAPEAH CHPSIMO
MpeINoYUTaHusATa Ha oTpeOuTens. 3a peleHueTo Ha Ta3u 3ajJaya TpsOBa Ja ce B3eMe MPEABHI,
ye:

e TroisiMa YacT OT HOBMHHTE C€ TOSABSIBAT 3a MBPBU NBT B collMamHaTa Mpexka. ToBa ca
CHUMKH, BUJICOKIIUIIOBE, OENEKKH, KOMEHTapy U HsIMaMe HH(pOpMAIUs Jalld Ta3u HOBHHA €
MHTEPECHA 3a APYTU NOTPEOUTENH.

e HoBunata Moxe Ja € WHTEpecHa 3a MOTpeOuTeNns 3apagudl KOMEHTap OT MpHUsTeNl, a He
MPOCTO 3apajy TeMara.

e KonkoTo no-crapa ctaBa HOBUHATa, TOJIKOBA MO-MAJIKO HHTEPECHA € 3a OTPEOUTENS.

e BB3MOXHO € MOTpeOUTENAT Ja CH CMEHS HACTPOCHHUETO WIM Ja H3IOJN3Ba M JIPYTH
M3TOYHUIIM HA UHDOpMAITHSL.

3a peleHre Ha FOPeONMCaHNTe 3a/1a4u ca U30paHu ClIeAHUTE MOAXO0IH:

e J[MHAaMM4YHO KJIIbCTEpUpaHE Ha HOBUHHTE. IIpumep 3a KiabCTEpHpaHe HA NOTOK, B KOWTO
KI'bCTEPUTE CE MEHST C TE€UEHHE Ha BpeMeTo, ca anroputmutre ECM[2] u ESOM]7].

e [IpenopbuBaHe Ha HOBHHA, KOSTO € 1M0I00HA HA HOBMHATA, KOSITO NOTPEOUTENAT HACKOPO €
IIPOYeElL.

e BB3MOXHOCT 32 MapKupaHe Ha HOBHHM KaTO WMHTEPECHM M TIOJy4yaBaHE Ha relevance
feedback 3a Tax.

e [IpenopbuBaHe, W3MOJI3BAWKK MPEIBAPUTENHO 3a/1aICHU KJIIOYOBU JyMU OT MOTpeOuTeNs
(moxo6Ho Ha crcTeMara google alerts?).

e [IpuopuTn3upaHe Ha HOBUHUTE 3a MPUATEIN HAa NOTPEOUTENS Bb3 OCHOBA Ha MpeaeUHUpPaH
CIIUCBHK.

e l3uncnsgBaHe Ha UWHTEPECHUTE 3a HAlIUs MNOTPeOUTEN MpHUITEIM Bb3 OCHOBA Ha
KOMEHTapUTe U XapecBaHusTa My. [Iproputusupane cpsiMo Ta3u Kiacarusl.

e 3a u30ienHsBaHE HA HOBHHHUTE C TEUCHHWE HA BPEMETO - OIICHKAaTa Ha HOBHHATA € 0OpaTHO
MIPOIOPLIMOHAJIHA HA U3MUHAJIOTO BPEME OT ITYOJMKYBAHETO H.

NMniiemenTanusa

[Tpunoxennero ce peanmsupa kato DeiicOyk npuoxkeHne (Bmx Qurypa 2), K0eTo JOCTHIIBA
uHpOpMaIMATa Ha TOTPEOUTENHTE CH C Pa3UIMPEHU IpaBa 3a YETEHE Ha IOTOKAa OT HOBUHHU
(read_stream) u mpaBa 3a yeTeHe Ha oToka oT nanHu B offline pexxum (offline_access). Te3u npasa
ca HM He0OXOMMH 32 JIOCTBII JI0 TOTOKA Ha IIOTPEOUTEUTE MO BCIKO BPEME.

Cnen kato Bede mporpamara UMa JOCTHII JI0 ITOTOKAa OT JaHHH 3a MOTPEOUTENUTE, 3a BCEKU
NOTPEOUTENl Ce CTapTHpa KIbCTEpPH3alMs, KOATO NpPaBH KIBCTEPH OT HOBHHU ChC CXOJHU
XapakTepucTHKH. CXOICTBOTO MEXKIy JBE HOBUHHM HW3YHCIIABaMe, H3MOI3BAHKA BEKTOPHO-
MMPOCTPAHCTBCH MOACIT H HpeI[CTaB?IfIKH HOBUHHTE KaTto N MCpPHHU BCKTOpHU, CHBCTABCHU OT
pa3IUYHUTE AyMH B HOBHHATA [ 12]. Pa3mMepbT Ha MPOCTPaHCTBOTO € paBeH Ha OpPOsl HA Pa3IUYHUTE
IyMU BbB BCUYKU JOKYMEHTH, a OpOsT Ha CpellaHuATa Ha BCSKa AyMa B JOKYMEHTa OIpeness
ChOTBETHATa CTOMHOCT OT BEKTOpa. /IOMBIHMTENHO ce MpaBu (GUITPHpPAHE HA YECTO CPEUIaHU
AYMH, KOUTO HC HOCAT CCMAHTUYCH CMHUCBHJI - CBbP3BAlllU AYMH, CBIO3U, MCIKAYMCTUA U OP. 3a
HaMaJsiHe Ha MPOCTPAHCTBOTO OM MOTJIO Ja ce Mpmiioxu u cremep [13], HO ToBa OM HampaBHIIO
MOJIX0/1a 3aBUCHM OT KOHKPETHHS e3WK. [Ipuinka Mexay [Ba BEKTOpa M3YHCIsIBaME, U3MOI3BAKN
KOCHHYCOBA MPUIIUKA!

? http://google.com/alerts
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dg-dy _ Zitidgdy
ldglldy|  vEZ, d2 NEZ, d .

dist(d,, d,) =

KBIETO C d 1 d,0003Ha4aBaMe N MEpHUTE BEKTOPH Ha 1Ba JOKYMEHTa, a ¢ d,; 0003HayaBaMme i-
TaTa CTOWHOCT OT BEeKTOpa Ha d,.
3a AMHAMUYHO KJIBCTEpPUpPAHE HAa MOTOK OT HOBHUHM 1€ H3Moi3Bame ainropurbma ECM.
CrpIKuTE Ha aNTOPUTHMA Ca CIEIHUTE:
1. W36upame nbpBaTa HOBUHA 3a LEeHTHp Cy Ha KIIbCTep ¢ paguyc rp = 0.
2. 3a BcsKa HOBa HOBHMHA d;:
a. M3uucnsiBame pa3CTOSHUETO JO BCUUKHU LEHTPOBE
b. Axo uma nerTpous C, ¢ paanyc Mo-MaibK OT Pa3CTOSHUETO OT C, 10 HOBMHATA.
[IpexparsBame 0OpaboTKaTa Ha Ta3u HOBHHA U CE BpBIIaMe HA TOYKa 2.
c. B mporuBeH cnydaii: Hamupame LeHTpoua C,, KOWUTO MMa Hal-MaJka cyma OT
paanyc r; ¥ pa3cTOSHHUE TO LEHTPOU 10 HoBUHA dist(C,, d,).
i. ako 1, + dist(C,, d,) > 2Threshold ToraBa ch3maBaMe HOB KJIBCTEP C
nenrpoun d_i u paguyc 0.
ii. ako 1y + dist(C,, d;) < 2Threshold ToraBa oOHOBsiIBamMe pamuyca Ha
KIbCTEpa TRt = M W 1eHTpousa € = Z %
= -

AnroputeMbT ECM npenoctaBs rbBKaB HAuMH 3a KIIbCTEpU3AIUs HA IOTOK OT JaHHU, KOUTO
MoOe J1a Obie IPOMEHSH JIECHO 332 TEHEPHUpaHE Ha IMOBEYE WM TO-MaJKO KIIbCTEPH C TPOMEHSHE
Ha nmapametrbpa Threshold. ECM pabotu 0bp30 U KIbCcTepHpa B PeaTHO BpeMe MOTOK OT JAaHHH,
KaTo ce HaOJr0jaBa U3MEHEHUE Ha [IEHTPOUIUTE Ha KIIbCTEPUTE, C KOETO T€ CJIEe/BAT IPOMSIHATA Ha
TemuTe B HOBUHUTE. HabmrogaBart ce o0aye u JBa HexkenaHH edexTa:

1. C TedeHue Ha BpeMeTO ce OPOPMSAT KIBCTEPH OT CTApH HOBHHH, B KOUTO HE ce T00aBsT
HOBH.

2. C HapactBaHeTo Ha 00paOOTEeHHTE HOBUHU OT MOTOKA, HSIKOHW OT LEHTPOUAUTE 3ar0YBaT
Jla UMAaT IPEKAJIEHO MHOT'O HEHYJIEBU CTOMHOCTH.

3a pelraBaHeTO Ha TOPHHUTE JIBa IMpobiieMa ce Haiara Jia ce J00aBu JOMbIHUTENHA (YHKIUSI
3a 3a0paBsiHE KbM aJropuThbMa. Ts ce BHeApsIBa 110 ABa HAYUHA!

1. Ha ompenenen nepuox oT Bpeme Lime,; ce U3TPUBAT BCUUKU KIIBCTEPH, B KOUTO HE ca
O 100aBsSTHU HOBHUHU.

2. Ha onpenenen nepuoj ot Bpeme time, ce peayuupaT BCUYKU CTOMHOCTU Ha BEKTOPUTE
Ha [EHTPOHMIUTE C €IUH U ChII MPOLeHT p. J[o0aBs ce cbmio Taka u npar threshold,,
M0J1 KOWUTO CTOMHOCTHUTE Ha BEKTOPA CE aHYJIMPAT.

OcBeH KII'bCTEpHU3aLUiITa HA HOBUHUTE IO ChIbP)KAHME, 32 MPENOPHYBAHETO HA HOBUHU CE
10JI3Ba CTATUCTHKA 3a MPUATEIUTE, OT KOUTO MOTpeOUTENs YeTe HOBUHU. ToBa ce mocTtura upes
no0aBsiHe Ha (PYHKIIHS, KOATO CE€ aKTHBHpA, KOTaTO MOTPEOUTENAT OTBOPH Ja MpodYeTe HIKOs
HoBuHA. DyHKIMATAa 00pabOTBa HOBHHATA, 3aMla3BaliKM KIFOYOBH TyMH M NOTPEOUTENS, KOHTO 5 €
MyOIMKYyBaJI.

[Ipu oTBapsiHE Ha MNPUIOKEHUETO, TO TOKa3Ba C HAU-TOJISIM MPUOPUTET HOBUHUTE OT
MPUATENUTE, KOUTO YeTeM Hail-uecto. Cieq KaTo IpoYeTeM HOBa HOBMHA, IOTOKA CE M3MEHs KaTo
ChOTBETHO C€ BJIUra NPUOPUTETA Ha:

e HOBUHUTE OT NOTPEOUTEINSI, KOUTO CME YETIH HAl-CKOPO;
® HOBHUHUTE, MPUIMYAIIA HA HOBUHATA, KOATO CME TIPOYEIIH.

[lonexxe Te3u mpoMeHU TpsiOBa Ja Ce HANPABIT B PEAJHO BpeME, C€ W3IO0JI3BA CICHHUSIT
MOAXOJ: ClieJ] MPOYMTAaHE Ha €JHAa HOBHHA AaBTOMATUYHO CIJIeJ] Hed BPEMEHHO ce J00aBsT
MOCJICIHUTE JIB€ HOBUHU HAa aBTOpAa HA HOBUHATA W JBETE HAM-OJIM3KM HOBUHU OT HEMHHS KIIBCTED.
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Crnen xaTo MOTPEOUTENAT MpPOYETe HAKOJIKO APYTHM HOBHHHM, T€3H BPEMEHHU OOEKTH OTHaAaT OT
MIOTOKA OT JJaHHM, KaTO Ce MIPHEMA, Ye MOTPEOUTEINIAT He Ce MHTEPECyBa OT TAX.

[Topann TPOMEHIMBOCTTa HA TNPEANOYUTAHHMATA HAa TOTPEOUTENS ce Tpuiara ciegHara
npolenypa: CTaTUCTUKATa 3a TOBA KOJIKO CTaTHM € Ipoyes NOTPEeOUTENs OT BCEKH €AMH OT CBOMTE
MPUATENN CE HaMaJIsiBa ¢ KOHCTaHTa BCEKH JIEH J0 JAOCTUTAHE Ha ONpeesieH MUHUMYM, KONTO ce
ompenens Karo (QyHKIMsS OT Hal-BHCOKaTa OIEHKA 3a MOTpeOuTens, rmoiyyeHa B MuHanorto. [lo
TO3W HAaYMH TapaHTHpaMe, Y€ MPUJIOKEHUETO 3HAe MOTPEOUTETUTE, OT KOUTO MOTPEOUTENST ce
MHTEpECyBa B HACTOSILIETO, KaTO ChHIIEBPEMEHHO M He 3a0paBs HOTPEOUTEIUTE OT KOUTO
MOTPEOUTEIIST CE € MHTEPECYBal B MUHAIIOTO.

rank — K , ako rank = rank™"
rank,,,. = : :
rank™™, axo rank = rank™™"

rank™" = f(rank™)
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E:E Economic Hitmen

m
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Nadia 1:3 ...

2 hours 2go « 8 comments

@ur. 3. Uzrnen oT NpUIIOKEHUETO 3a NpernopbyBaHe Ha HH(OpMAaLUs
3akiroueHue U ObAeI0 pa3BUTHE

[IpeacraBeHOTO MpHUIIOKEHHE ce OOpu ¢ peallHHus MpoOJieM 3a HaMUpaHE Ha IOJIE3HA 3a
notpeduTens nHGpopMaIHs TP TOCTOSIHHO YBEIHYAIINTE CE pa3Mepy Ha WHPOPMAITMOHHHS TTOTOK
Ha couuanHuTe Mpexu. C momoinra Ha mporpaMHus uHTtepdeiic, npegoctaBeH ot dDeiicOyk ce
mpeayiara Ha TOTpeOuTeNs aliTepHATUBHO (DUITpUpaHE HA HMHQPOpPMANMATA, KOETO C€ aJamnTHpa
CHpPSIMO HETOBUTE TPEANIOYUTAHMS, MO3BOJSIBANKK TSAXHATA NPOMSHA, JOOABSHETO HAa HOBU M
BpBIIaHE KbM ITOYTH 3a0paBeHH CTApH.

B Opaemero pa3BuTHE Ha TPOEKTa Ie C€ aHAIM3UPa BH3MOKHOCTTA 3a BrpaXKIaHE HA
collaborative filtering kaTo OCHOBEH MOXBAT B 00MACTTa Ha MpenopbrYBaIuTe cuctemu. [Ipeasmkaa
ce ¥ J00aBsiHE HAa Bb3MOXKHOCT 32 PbUHO KaluOpHpaHe HAa CTATUCTUKUTE 3a "MHTEPECHU" NPUSTETU
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Y KJIFOYOBHTE JyMHU Ha MHTEPECUTE OT TOTPEOHTENS M aHAIM3 Ha MOJOOpEHUITa Ha CHCTEMAaTa OT
Ta3M MPOIEIYyPa, KAKTO U Ha yJOBJIETBOPEHOCTTA HA MOTPEOHUTENS OT TOBA.

BaarogapHocTu

Paborara, nmpencraBena B Ta3u crarus, € ¢puHaHcHpaHa 1o npoekt BG 051P0O001-3.3.04/13
Ha OII ,,Pa3zButue Ha yoBemkure pecypcu’” Ha EBponeiickusa Couuanen @onn 2007-2013 .
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RESEARCH AND DEVELOPMENT FOR VIRTUAL REALITY
AT UNIVERSITY OF VELIKO TARNOVO - PRESENT AND
PROGNOSIS OF THE FUTURE

Emiliyan Petkov

Abstract: There are different devices and technologies with which the user may enter, observe and interact
with the computer-simulated three-dimensional world. For this reason applications of virtual reality can be
in different areas. But the topical task nowadays is applying this modern technology in education. This
article introduces the state of recent research and development into the field of educational virtual reality at
University of Veliko Tarnovo. It addresses the technologies that have been used and shares experience that
has been collected. The paper presents results of an investigation about the future of the virtual reality.

W3CJAEJIBAHMSA U PA3PABOTKM 3A BUPTYAJTHA PEAJTHOCT
BbHB BEJTUKOTHPHOBCKHUSA YHUBEPCUTET — HACTOSIIE
U MIPOTHO3A 3A BBJEIETO

Emvunsan IletkoB

Pe3rome: ChlecTBYBaT pa3iUuHU yCTPOMCTBA U TEXHOJIOTHH C TIOMOIITA HA KOUTO MOTPEOUTENIAT MOXKE Ja
HabmronaBa, B3aMMOJCHCTBA U JIOpU NMPOHUKBA B KOMIIIOTBPHO MOJEIHpaHU TpUMepHH cBeroBe. llopagu
TOBA MIPUJIOKEHUATA 3a BUPTyallHaTa peajHoCT Morar Ja 0baaT B pa3nuyHu obnactu. Ho akryanHa 3agaua B
MOMEHTa € TIPUJIaraHeTO Ha TEe3W TEXHOJOTMH B O0pa3oBaHMETO. Ta3u cTaTHS MpPEACTaBs IOCIEAHUTE
Hay4YHU HM3CJICABAHUS M pa3pabOTKU B obOjacTTa Ha BHUPTyaJHaTa PEajHOCT 3a 0Opa30BaTENHM LENIU BbHB
BenukoTepHOBCKHsT yHUBepcuTeT. lIpencraBeH e moaxom 3a cb3naBaHe Ha 3D m3o0pakeHHs W BHICO
NpUiIoKeHus 3a aBrocrepeockonuunu 3D nucmmen ot Philips. Ts mpenctaBst TEXHOIOTHH, KOUTO ca OHIIH
W3I0JI3BaHM, CIIOAETSI ONUT U IPABH MPOTrHO3a 3a OBJCLIETO HAa BUPTYAIHATA PEATHOCT.

I. INTRODUCTION

Virtual reality (VR) is a new medium and its definition is still in flux. Webster’s New
Universal Unabridged Dictionary (1989) defines virtual as “being in essence or effect, but not in
fact” and reality as “the state of quality of being real; something that exists independently of ideas
concerning it; something that constitutes a real or actual thing as distinguished from something that
is merely apparent”.

The key elements in experiencing VR are: a virtual world, immersion, sensory feedback, and
interactivity [18]. Computer based virtual world is the description of objects within a simulation.
One can view that world via a system that brings those objects and interactions to him/her in a
physically immersive, interactive presentation. Concerning the user must be immersed within
some other, alternate reality, an admittedly simplistic definition of VR might be immersion into an
alternate reality or point of view. It could be mental and physical. Unlike more traditional media,
VR allows participants to select their point of vantage by positioning their body and to effect
events in the virtual world. A VR system provides direct sensory feedback to the participants based
on their physical position. For VR to seem authentic, it should respond to user actions, namely, be
interactive. Thus, another necessary component in the full definition of VR is interactivity. Finally,
a definition of VR can be given: a medium composed of interactive computer simulations that
sense the participant’s position and actions and replace or augment the feedback to one or more
senses, giving the feeling of being mentally immersed or present in the simulation [18].
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Using the presentation of VR above, we may say that virtual reality created for educational
objectives is a computer simulation of the three-dimensional environment, where the learner may
interact with the contents of the modeled scene. The basic idea is the learner to be an integral part
of the environment and to influence it in the same way as in the real world [2, 6]. So, VR for
education can be described as a high-end technology that allows learners to go into a three-
dimensional, computer-simulated world to learn. We may call this type of application Educational
Virtual Reality (EVR).

I1. MAIN GOAL AND TECHNOLOGIES

The technologies for VR are comparatively new instruments for perception of the surrounding
environment. They may help us to obtain new knowledge. The integration of these 3D technologies
in education is an innovative approach in the field of modern methods for education [1, 5, 7, 11].

There is a broad spectrum of technologies for VR. The interest in the usage of
autostereoscopic 3D display systems is increasing rapidly [4, 10, 19]. This has been caused by the
fact that in observing the 3D image the usage of some additional devices such as a headset, gloves,
glasses and etc. is not necessary.

A scientific project has been developed concerning the application of EVR at University of
Veliko Turnovo. The title of the project was “Virtual Reality in Education”. It aimed to investigate
the application of VR technologies in the process of teaching students at university and to equip a
laboratory for 3D technologies. Philips 42-inch multiview autostereoscopic 3D display has been
chosen for the equipment of an auditorium. But the problem that the team encountered when it had
been creating Philips 3D technology applications was the lack of full set of software tools. The
development of 3D contents for those kinds of displays required appropriate software decisions.
Philips gives documentation, drivers and a viewer, but there is no available software for 3D video
production. In [15] the reader can be acquainted with all that Philips grants as information for the
3D displays and software tools for developing 3D applications for them.

Fig. 1. Philips multiview autostereoscopic 3D display and an image in
2D-plus-depth format that has been sent to the display.

Currently a number of different 3D displays are available on the market [12]. These displays
together with the methods for creation of three-dimensional scenes allow the reproduction of a
virtual world under the observer’s eyes (fig. 1). This vastly enriches the experience and contributes
to the best perception of the presented reality.

The aims of the research are: to create an approach for creating 3D applications which
represent three-dimensional virtual computer models of real objects for Philips autostereoscopic 3D
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displays; to create an EVR application for those 3D displays; to develop a software tool for creation
of 3D images and video; and to investigate the future of the virtual reality.

III. DEVELOPMENT OF AN APPROACH FOR CREATING 3D APPLICATIONS

The goal of 3D displays is to get a distinct image into each eye of the viewer. From that
point, the viewer’s brain is processing each image in the same, natural way in which it processes
the images it receives from the three-dimensional world. A characteristic common to all 3D
displays is the creation and display of more than one view of a scene. Formerly, viewers had to
wear special glasses to discern the views. In the last few years, a number of companies, among
which Philips 3D Solutions [16, 17], have introduced autostereoscopic 3D displays - displays that
do not require users to wear special 3D glasses. Multiview slanted lenticular lens technology leads
to full brightness, full contrast, and true color representation. It allows multiple users to experience
3D at the same time.

Philips has developed a set of technologies under the name of WOWvx [12]. WOWvx-based
products make contents richer, more informative and more entertaining for the viewer so that it
almost becomes ‘alive’. A part of the WOWvx technology is the 2D-plus-Depth format [15]. A 3D
image for the displays is described in that format. It contains two sub-images: 2D sub-image and
Depth sub-image (fig. 4). A 2D sub-image has a resolution of half the native panel resolution in
both horizontal and vertical direction. It is an R, G and B image with 8 bits per sub-pixel. A Depth
sub-image has a resolution of half the native panel resolution in both horizontal and vertical
direction. It contains disparity values with a range of 0 to 255, where a value of 0 corresponds with
objects located with a maximum disparity behind the screen and 255 corresponds with objects
located closest to the observer. The WOWvx Declipse format is an extension on the existing 2D-
plus-Depth format. Information on the background is added enabling the rendering algorithm filling
in the occluded areas created by the foreground object. In [13, 14, 16] the reader can be acquainted
with the video data interface and WOWvx 2D-plus-depth and Declipse formats.

3.1. A choice of a 3D graphics system

The creation of 3D display contents, with regard to the set goal of this research, requires
making virtual 3D computer models of real objects. Because of that, a 3D graphics system for
modeling and creating photo-realistic images has to be chosen. This is a very important condition
for the VR applications. The main requirement of the 3D models is to look like real. In this way a
true VR is attained. Moreover, the 3D graphic system must have a module for computing of the
depth along the z-axis (Z-depth), tools for image composition in an animation and software
development kit. So, an investigation has been made into the capabilities of the 3D graphics
systems [3] and Autodesk 3ds Max has been chosen [8§].

3.2. A model of the environment of observation

Philips multiview autostereoscopic 3D displays have determinate points of view in the space
in front of the screen. For example 42-inch 3D display has nine positions where an observer could
watch a good 3D image from. As a part of this research models of the environments for observation
of the displays [14] have been made in conformity with the technical specifications of the devices.
These models also include the optimal virtual 3D space, where the objects of the animation should
be placed in.

3.3. Composition of the images

The 3D models and animation of real objects and environments are created in 3ds Max. A
sequence of images which represent the frames of the animation is obtained after rendering. The
Depth sub-images must be obtained as well. This graphic system includes a Z-Depth module. By
means of using the Z-Depth module the depth of the every pixel from the 2D sub-images can be
evaluated. The depth is the distance from the projection plane (the camera) to the surface of the
object along the direction of the observation. The Z-Depth module creates 2D images in Grayscale.
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Thus a sequence of the 2D sub-images and a sequence of the Depth sub-images are obtained. After
that, using a Video Post module of the graphics system, every 2D sub-image of the sequence
together with its Depth sub-image are composed in one image with resolution of 1920 x 540 pixels
in the 2D-plus-Depth format (.b3d files).

The sequence of the images in the 2D-plus-Depth format is composed in one video file and is
stored in an appropriate format (.s3d file). That file can be played on a 3D display by the Philips
3DS Media Player.

3.4. 3D display application

An educational 3D video for Philips 42-inch multiview autostereoscopic 3D displays has been
created [14] to demonstrate the applicability of the approach presented here. It is titled “The
elements of a DVD device”. One image from the 3D video could be seen on figure 1. The objective
of the project is to show all parts of a DVD device and the way it works. Thus the students will be
able to see in front of themselves (in virtual environment) the structure of the DVD and the way it
works without the necessity to disassemble such a device.

IV. DEVELOPMENT OF A SOFTWARE TOOL FOR CREATING 3D APPLICATIONS

Renders in the given graphics system can be used to obtain the sub-images for 2D-plus-Depth
and Declipse images in the corresponding resolution. A software tool that solve these problems
should be developed in order to do the composition of the sub-images, to set the headers
information and to store images into the right file formats (.b3d, .v3d, .s3d, see [16]).

A software tool for 3ds Max has been developed [14] by using MaxScript language
accordingly with the characteristics of the WOWwvx technology and with the approach presented
above. It has been called WOWvx Creator. It works as a plug-in in the graphics system. The
software module gives intuitive work, has friendly user interface and creates images for
visualization with Philips multiview autostereoscopic 3D displays very fast.

WOWvx Creator plug-in for Autodesk 3ds Max solves the main tasks that have been set by
the given approach, namely: determines the right resolution of the image (depending from the
chosen display and the desired WOWvx format); separates the foreground objects and background
objects (if Declipse format has been chosen); executes a render to receive the sub-images; creates
the 3D image(s) (and video) into the right file format (depending on the type of content) with a file
name that the user had been set.

V. PROGNOSIS OF THE FUTURE

The number of universities offering courses on VR is increasing. This increase remains
tempered by the limitation of available hardware. But hardware constraints frequently limit class
size to a small number of students. Because current focus of VR has been mostly on developing the
technology sufficiently to produce interesting VR, many educational institutions VR courses have
been offered by computer science departments. For example the project “Virtual Reality in
Education” and lecture materials on VR were developed in Computer Systems and Technologies
Department (CST Dpt.) of the University of Veliko Turnovo (UVT).

5.1. Five trends

The five main trends in the progress of VR technology [18] are: less encumbrance, use of
augmented reality, VR at home, higher sensory fidelity and VR-ready machines.

One trend is the evolution of less encumbering VR systems. The weight and movement
restriction placed on users wearing bulky, tethered gadgetry lessen the quality of the participant’s
experience. In the future is expected that a user will pick up a display no larger than a pair of
sunglasses, with no attached wires, to become visually and sonically immersed in the medium.

Some VR applications are designed to combine virtual representations with perception of the
physical world. The virtual representations give the user additional information about the physical
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world not perceived by unaided human senses. This type of application is referred to as augmented
reality (AR). Because many AR applications make use of “hidden” real-world data, new
technologies with the ability to collect data about the real world will increase the areas where AR
can be successfully applied.

Reduced costs for most of the technologies have already made VR at home practical for those
who have a typical home computer. Accompanying the increased pervasiveness of VR is expected
to be an interface that will be instantly usable to a large percentage of the population [18]. The
major barrier here is the lack of available software that would make VR at home appealing.

The notion of “VR-ready” system can be a multimedia-ready system that is pre-equipped with
essential hardware and software components such that one can purchase a system which is ready to
run VR applications.

5.2. Display technologies

One area in which we are seeing major changes is VR display hardware [2, 12]. Although not
required in every VR application, stereoscopic display is generally an important ingredient. Less
encumbering are autostereoscopic displays, where the display itself provides different images when
viewed from different angles. These displays could replace the screens in projection VR
environments like the CAVE [18], or could indeed be overlaid on the walls, making it VR-ready.

For example, in addition to the work on “Virtual Reality in Education” project and
recognizing the benefits of stereoscopic technologies, research and developments are going to be
made on stereoscopic display and projector technology in CST Dpt. of UVT as a part of a new
project. An auditorium has been equipped with nVidia 3D Vision devices, including a 3D projector.

Developments in sound display are happing very rapidly, particularly the ability to present
sound from absolute 3D locations regardless of the acoustical environment in which the display is
placed. Many VR systems use loudspeakers for aural display in conjunction with large-screen
visual display. Advances in sonic rendering techniques also promise to provide a more fulfilling
perceptual experience.

In addition to the 3D and audio displays smell could be useful, for example, in surgical
simulations and in diagnosis problems of electrical systems. Such displays are already called
olfactory displays. Although have been some experiments with blowing scented air there problems
that must be addressed before smell can be realistically become a common part of VR experiences.

CONCLUSION

Presented approach and software tool for creation of applications for Philips multiview
autostereoscopic 3D displays have been developed in order to enrich the possibilities of creating
applications for such displays. The results of this research can be used when developing 3D video
contents for diversity of objectives.

Researchers in the field of VR should know what is needed and what to expect in the future.
Prognosis has been made to show the expectations of the users and trends in the development of
the technologies, such that could be successfully used in different applied fields and in education as
well.
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MODERN COMPUTER TECHNOLOGIES FOR ENSURING
EFFECTIVE E-LEARNING ENVIRONMENT ACCORDING TO
THE DIFFERENT LEARNING STYLES

Donika V. Valcheva, Margarita K. Todorova

Abstract: There are a lot of modern software and hardware technologies that operate with different media.
The people have different predominant learning styles, i.e. they learn and absorb the new information in
different ways. This report analyzes some of the popular modern software and hardware technologies that
could be applied for ensuring effective and appropriate e-learning environment for the different learning
styles.

CBbBPEMEHHU KOMIIIOTBPHU TEXHOJIOI'NHU 3A OCUT'YPABAHE HA
E®EKTUBHA CPEJIA 3A E-OBYYEHHUE CIIOPE/l PASJIMYHUTE CTUJIOBE HA
YYEHE

Honuxka B. Bemuesa, Maprapura K. Tonoposa

Pesrome: Xopata mnpurexaBaT pa3IMYHM CTHJIOBE Ha YydYeHe, T. €. T€ Bb3IpUeMaT H o0paboTBaT
uHpOpMaLUsITa MO pa3jivieH HAayMH. B Tasum myOnukanus ce aHanu3upaT HIKOW OT MOIYJISIPHUTE
CBHBPEMEHHH CO(TYEpHU M XapyepHU TEXHOJOTHH, KOUTO MOTaT Aa ObJaT M3MON3BaHH 3a OCUTYpsBaHE Ha
e(EeKTHBHU Cpelu 32 eJIEKTPOHHO 00y4eHHE, TOAXOISIIH 3a Pa3IMYHUTE CTHIOBE HA YUCHE.

INTRODUCTION

According to[ 1], in human-computer interaction, a modality is the general class of:

e a sense through which the human can receive the output of the computer (for example,
visual modality)

e a sensor or device through which the computer can receive the input from the human.

In less formal terms, a modality is a path of communication between the human and the
computer in the both directions:

e Computer to human modalities - Any human sense can be translated to a modality. In
practice, the modalities of seeing and hearing are the most commonly employed.

e Human to computer modalities - The computer can be equipped with various types of
input devices and sensors to allow it to receive information from the human. A modality is a path of
communication employed by the user interface to carry input and output.

I. LEARNING STYLES ACCORDING THE HUMAN PERCEPTUAL MODALITIES
People tend to have a preferred learning type, so will learn more effectively if they have

access to learning resources that utilize their preferred way of learning. In this report we use three
basic modalities to process information to memory: visual (learning by seeing), auditory (learning
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by hearing), and kinesthetic (learning by doing). Many students are not aware of their preference,
which make them difficult to approach their own learning [7], [8].

Tablel. Personality Characteristics of the Learning Modalities

Visual Auditory Kinesthetic
- Mind wanders during verbal | - Is easily distracted; - Taps pencil or foot while
activities; - Quickly looses interest in | thinking, studying, or writing
- Has trouble following or | visual demonstrations; tests;
remembering verbal instructions; | - Enjoys listening | - Enjoys doing experiments;
- Prefers to observe rather than | activities; - Uses excessive hand gestures
actively participate in group|- Is active in group | and body language;
activities and discussions; activities and discussions; | - Tends not to enjoy reading;
- Likes to read silently; - Prefers reading aloud to | - Enjoys hands-on activities;
- Is neat and organized; silent reading; - Enjoys problem-solving;
- Pays attention to detail; - Listens to music while | - Is a poor speller;
- Has neat handwriting and Is a | studying or doing | - May have trouble
good speller; homework; memorizing lists, numbers,
- Easily memorizes by seeing | - Has sloppy handwriting; | etc.;
pictures and diagrams; - Often read to themselves | - Easily expresses emotions.
- May have a ,photographic | as they study;
memory"; - Are not afraid to speak in
- Use highlighters, circle words, | class.
underline.

Depending on their preferred learning modality, different teaching techniques have different
levels of effectiveness. Effective teaching requires a variety of teaching methods which cover all
three learning modalities. No matter what their preference, students should have equal opportunities
to learn in a way that is effective for them.

Table2. Some appropriate teaching techniques

Visual Auditory Kinesthetic
- visual demonstrations, - audio lessons, - interactive learning content,
- video lessons, - video lessons, - simulations and games,
- presentations, - animation ~ with  voice | - problem-solving tasks,
- animation, instructions, - experiments.
- 3D graphic applications, - discussion forums and
- maps, social networks.
- charts,
- graphics, photos, etc.

II. MODERN COMPUTER TECHNOLOGIES FOR INCREASING THE
PERSONALIZATION BY ENSURING APPROPRIAYE E-ENVIRONMENT FOR
THE DIFFERENT LEARNING STYLES

The personalization in the e-learning may be described as a composition of procedures,
approaches and techniques for giving the students the tools for self-learning, which will give them
the opportunity to study according to their own capabilities, learning style, knowledge and skills, to
choose the type of the e-learning material and the way of presentation of the new material,
according to their own interests, needs and learning style [1].

One of the approaches for improving the personalization in the e-learning process is ensuring
appropriate e-learning environment, according the individual learning style of the student.
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There are a lot of modern software and hardware technologies that operate with different
media and could be applied in the process of developing and presenting new information.

Table3. Effective computer technologies for each learning style

Learning Modern software Modern hardware technologies
style technologies
Visual Intelligent character e Eye trackers
recognition (ICR) e Capture Suits and/or gloves
¢ Visual Displays
Auditory e Speech recognition e Voice/Sound Recognition Suits
e Hands-free computing e Aural Display

Video conference, chat
and discussion forums

Kinesthetic

Gesture recognition e Touchscreen technology
Computer simulation ¢ Physical Controllers

e Haptic Display

e Vestibular Displays

2.1. Effective computer technologies for visual learning style (learning by seeing)

2.1.1. Modern software technologies appropriate for students with visual learning
style

Intelligent character recognition (ICR) is the computer translation of manually entered text
characters into machine-readable characters. In practice, characters are entered in a rough printed
form from an I/O device, and the image of the captured data entry is then analyzed and translated
into the machine-readable characters. ICR is similar to optical character recognition ( OCR ) and is
sometime used in combination with OCR in form processing.

Most ICR software has a self-learning system referred to as a neural network, which
automatically updates the recognition database for new handwriting patterns. It extends the
usefulness of scanning devices for the purpose of document processing, from printed character
recognition (a function of OCR) to hand-written matter recognition. Often to achieve high
recognition rates several read engines are used within the software and each is given elective voting
rights to determine the true reading of characters. In numeric fields, engines which are designed to
read numbers take preference, while in alpha fields, engines designed to read hand written letters
have higher elective rights [4].

The intelligent character recognition could be very useful technology for students with visual
learning style, because they can make notes and write down easily their thoughts with their own
handwriting.

2.1.2. Modern hardware technologies appropriate for students with visual learning
style

» Capture Suits and/or gloves may be used to capture movements of users’ body parts. The
systems may have sensors incorporated inside them to sense movements of different body parts
(e.g., fingers). Alternatively, these systems may have exterior tracking devices or marks that can be
detected by external ultrasound, optical receivers or electromagnetic sensors. Internal inertial
sensors are also available on some systems. The units may transmit data either wirelessly or through
cables.

« Eye trackers can also be used to detect eye movements so that the system can determine
precisely where a user is looking at any given instant. Available techniques for measuring eye
movements range from the not-quite-sublime to the almost ridiculous. The simplest eye tracking
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technique is electronic recording, using electrodes placed on the skin around the eye to measure
changes in the orientation of the potential difference that exists between the cornea and the retina.
However, this method is more useful for measuring relative eye movements than absolute position.
Perhaps the least user-friendly approach uses a contact lens that fits precisely over the bulge at the
front of the eyeball and is held in place with a slight suction. This method is extremely accurate, but
suitable only for laboratory studies. More practical methods use remote imaging of a visible feature
located on the eyeball, such as the boundary between the sclera and iris, the outline of the pupil, or
the cornea reflection of a light shone at the eye. All these require the head to be held absolutely
stationary (a bite board is customarily used), to be sure that any measured movement represents
movement of the eye, not the head. However, by tracking two features of the eye simultaneously, it
is possible to distinguish head movements (the two features move together) from eye movements
(the two move with respect to one another), and the head need not be rigidly fixed. This is currently
the most practical method for use in a conventional computer-and-user setting, since the eye tracker
sits several feet from the user, nothing contacts him or her, and the head need not be clamped [2].

This hardware technologies could be applied in order to be examined the places on the
monitor where the students look most often and for longer time and also the sections where they
visit more than once. This will be useful information for the course designers when they have to
decide how to structure the information and how to put an accent on the most important information
in order to be seen for sure from the students.

There are some modern output hardware devices that could be used for providing more
effective way of presenting the information to the visual users.

Visual Displays provide the visual stimulus to the user.

e Stationary displays can vary from a conventional desktop display to 360-degree wrap
around screens to stereo three-dimensional screens. Conventional desktop displays can vary in size
from 15 to 60+ inches. Wrap around screens are typically utilized in what is known as a Cave
Automatic Virtual Environment (CAVE). Stereo three-dimensional screens produce three-
dimensional images either with or without special glasses—depending on the design.

e Head mounted displays (HMDs) have small displays that are mounted on headgear worn
by the user. These systems are connected directly into a virtual simulation to provide the user with a
more immersive experience.

2.2. Effective software and hardware technologies for auditory learning style (learning
by hearing)

2.2.1 Modern hardware technologies appropriate for students with auditory learning
style

e Speech recognition (also known as automatic speech recognition or computer speech
recognition) converts spoken words to text. The term "voice recognition" is sometimes used to
refer to recognition systems that must be trained to a particular speaker—as is the case for most
desktop recognition software. Recognizing the speaker can simplify the task of translating speech.

o Hands-free computing is a term used to describe a configuration of computers so that they
can be used by persons without the use of the hands interfacing with commonly used human
interface devices such as the mouse and keyboard. Hands-free computing is important because it is
useful to both able and disabled users. Speech recognition systems can be trained to recognize
specific commands and upon confirmation of correctness instructions can be given to systems
without the use of hands [4][1].

The discussed, in this section, technologies could be applied in the process of design and
implementation of e-learning content, which is appropriate for students with auditory learning style.
Combined with discussion forums, chat rooms and video conferences such e-learning form of
teaching will be very effective, because it will allow the students to communicate with the e-
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learning software platform and with other students and teachers and the new material will be
presented in appropriate for their learning style way. The opportunity for more listening and
communicating, without the necessity of reading text and writing will make these students more
motivated to learn. They will have the opportunity to record their own thoughts and words and
automatically to convert them into a text.

2.2.2 Modern hardware technologies appropriate for students with auditory
learning style

Voice/Sound Recognition Suits - this technology may be used either to interact with people
within the e-learning process (other students and teachers) or to manipulate objects (e.g.,
information). Voice interaction presumably increases the level of immersion for the user. Users may
use headsets with boom microphones, lapel microphones or the room may be equipped with
strategically located microphones.

There are some modern output hardware devices that could be used for providing more
effective way of presenting the information to the auditory users:

Aural Display -several different types of audio systems exist to help the user hear and localize
sounds spatially. Special software can be used to produce 3D audio effects to create the illusion that
sound sources are placed within a defined three-dimensional space around the user.

o Stationary conventional speaker systems may be used provide dual or multi-channel
surround sound. However, external speakers are not as effective as headphones in producing 3D
audio effects.

e Conventional headphones offer a portable alternative to stationary speakers. They also
have the added advantages of masking real world noise and facilitate more effective 3D audio
sound effects.

2.3. Effective computer technologies for kinaesthetic learning style (learning by doing)

2.3.1. Modern software technologies appropriate for students with Kkinesthetic learning

style

 Gesture recognition is a topic in computer science and language technology with the goal
of interpreting human gestures via mathematical algorithms. Gestures can originate from any bodily
motion or state but commonly originate from the face or hand. Current focuses in the field include
emotion recognition from the face and hand gesture recognition. Many approaches have been made
using cameras and computer vision algorithms to interpret sign language. However, the
identification and recognition of posture, gait, proxemics, and human behaviors is also the subject
of gesture recognition techniques. Gesture recognition can be seen as a way for computers to begin
to understand human body language, thus building a richer bridge between machines and humans
than primitive text user interfaces or even GUIs (graphical user interfaces), which still limit the
majority of input to keyboard and mouse. Gesture recognition enables humans to interface with the
machine (HMI) and interact naturally without any mechanical devices. Using the concept of gesture
recognition, it is possible to point a finger at the computer screen so that the cursor will move
accordingly. This could potentially make conventional input devices such as mouse, keyboards and
even touch-screens redundant.

e Simulation is the imitation of some real thing, state of affairs, or process. The act of
simulating something generally entails representing certain key characteristics or behaviors of a
selected physical or abstract system. Simulation is used in many contexts, such as simulation of
technology for performance optimization, safety engineering, testing, training, education, and video
games [6],[3].

All this technologies could be applied in developing appropriate e-learning materials for
students with kinesthetic learning style. They can be used for developing practical exercises and
problem-solving tasks.
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2.2.3 Modern hardware technologies appropriate for students with auditory
learning style

A touchscreen is an electronic visual display that can detect the presence and location of a
touch within the display area. The term generally refers to touching the display of the device with a
finger or hand. Touchscreens can also sense other passive objects, such as a stylus. Touchscreen is
common in devices such as all-in-one computers, tablet computers, and smart phones. The
touchscreen has two main attributes. First, it enables one to interact directly with what is displayed,
rather than indirectly with a cursor controlled by a mouse or touchpad. Secondly, it lets one do so
without requiring any intermediate device that would need to be held in the hand. Such displays can
be attached to computers, or to networks as terminals. They also play a prominent role in the design
of digital appliances such as the personal digital assistant (PDA), satellite navigation devices,
mobile phones, and video games [5].

Physical Controllers Physical controllers provide input to the system only through direct
manipulation by the user.

Haptic Display - these displays provide sense of touch to the user. This type of output is
sometimes referred to as force feedback.

Vestibular Displays provide a sense of motion to the user. They often manifest as motion
bases for virtual vehicle simulation such as driving simulators or flight simulators. Motion bases are
fixed in place but use actuators to move the simulator in ways that can produce the sensations
pitching, yawing or rolling. The simulators can also move in such a way as to produce a sense of
acceleration on all axes (e.g., the motion base can produce the sensation of falling).

CONCLUSION

The computer technologies offer wide range of possibilities for presenting the new
information in very attractive and effective way. The different multimedia objects (text, audio,
video, graphics and computer animation) used in proper way will increase the quality of the process
of learning and make easier the way of understanding the new content.

The people have different predominant learning styles, i.e. they learn and absorb the new
information in different ways. If the designers (teachers, tutors, etc.) apply the new technologies in
developing and presenting the e-learning content they can produce effective e-learning forms,
appropriate for the different learning styles.
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PA3ZPABOTBAHE U U3CJIEJAIBAHE HA AJII'OPUTMMU 3A
ABTOMATUYHO KOMBUHUWPAHE HA ITAHOPAMHMU
MN30BbPAKEHUSA

(Pestome Ha auruiomMHa padora)

Hypu Ucmann Hypu

CucremuTe 3a KOMIIOTBPHO 3PCHHE BB3HHMKBAT B Cpelara Ha MHUHAIAS BEK M 3acMar
M3KJIIOYUTETHO TOJISIM i1 B aBTOMaTH3anusATa Ha Tpyaa. C TedeHre Ha BPEMETO Te CTaBaT BCE MO-
aKTyaJIHU U TAXHOTO Pa3NpOCTPaHEHUE MPOAbIDKABA J1a HapacTBa ¢ OypHHU TemroBe. Te3u cucremu
HaMUpPAT Hal-pa3HOOOpa3HU MPUIIOKEHUS B Pa3IUYHU c(HepU OT YOBEIIKHUS KHUBOT.

C pa3BUTHETO Ha CUCTEMHUTE 32 KOMIIOTHPHO 3peHUE 00EMBT OT JaHHU 3a 00pabOTKa CHIIO0
HapacTBa. ToBa BOOM 1O HApacTBAaHETO Ha W3HMCKBAHUATA 32 BUCOKA CKOPOCT M TOYHOCT Ha
0o0paboTKa Ha BXOJHHUTE JaHHH. Te€3W W3UCKBAHWSI MMPEACTABISABAT MPEIU3BHKATEIICTBO KAKTO KBM
M3UUCIIUTETHATa MOI Ha KOMIIOTbPHUTE CUCTEMH, TaKa U KbM Ch3JIaTEJIUTE HA METOH, CTpaTeruu
Y QJITOPUTMHU 32 YCKOPEHO ¥ TOYHO U3BBPIIBAHE HA BCUYKU HCOOXOAMMH U3UHCIICHHUS.

Enno ot nmpenu3BukarencTBara B 00JacTTa Ha KOMIIOTHPHOTO 3pEHUE CH OCTaBa Ch3/1aBAHETO
Ha e()eKTHBHH QJTOPUTMH 3a aBTOMATHYHO KOMOHWHHpaHE Ha M300pakKCHHs, C MPUTIOKPHUBAIIU CE
obnacTu, Taka 4e KoMOWHausATa UM na GopMmupa maHopamMHO u3oOpaxeHue (B ¢urypa 1) c
MUHUMAQIHH Clienqd oT oOeamHsBaneto. CIIO)KHOCTTa Ha mpobOiieMa HapacTBa, KOraro
M300pakeHUsATa ca OT PA3IMYHU TUIIOBE CEH30pH, C Pa3IMyHA CTEMEH Ha OCBETEHOCT M IIyM, C
TPUU3MEPHH TEOMETPUYHH TpaHchopMamuu KaTo TpaHCIANMsl, pOTalMs, Mamadupane Hu
MEePCIIeKTUBHU H3KpUBsABaHUA. Hali-uecto wu300pakeHUsiTa, KOUTO TpsAOBa Aa ce OOeqUHAT B
MaHOPaMHO, Ca TIOJIYYEHH OT MOJEPHH IMPPOBH QOTOANApaTd C BHCOKU DPA3JEIUTEIHU
CIOCOOHOCTH, MOPaau KOETO T€ ChABPXKAT U roisiMm obeM ot nanHu. OOpaboTkaTa Ha T3 JaHHU
TpsiOBa ja O’bJIe TOYHA U MAKCUMAITHO Obp3a.

Beuuku Te3u GpakTé MOTUBHUpAT MPOBEXKIAHETO HA MHOXKECTBO U3CJIEIBAHUS BbPXY METOJIUTE
U aJITOPUTMHUTE 33 aBTOMATHYHO KOMOWHHpAHE Ha M300paKCHHS C MPUIIOKPHUBAIIM CE YACTH.
OCHOBHMSAT CTpPEMEX € KbM Cbh3/1aBaHe Ha e(DEeKTHBHH IMOAXOIM M AJITOPUTMHU 3a TeHepUpaHe Ha
OTIMCAHMS Ha CHIIOCTABIHUTE M300paKECHNUS; TIOXOAIIO0 U3ITON3BaHE HA TE3U ONUCAHUS C HAKOH OT
YIBBPACHHUTE B MPAKTUKAaTa KaTO HaW-HAJEXKIHM MEPKU 3a MOJ00He; ChCTaBsIHE HA aNTOPUTMH,
KOUTO, M3MOJ3BAKM JAHHUTE OT MEpPKHUTE 3a TMOA00He, ONMMCBAT MAaTEeMAaTUYEeCKH MOJEN Ha
TpaHcopMaIMUTe MEXIy H300paKEeHUATa; TMOAXOMASIIO CIMBaHE Ha HM300pakeHHsTa C
KOMIICHCUpaHe Ha TpaHCQOpManmuuTe, Taka Y€ pe3yATaTHOTO H300paKeHHWe Ja He ChIbpiKa
HUKAKBU BUAUMH Je(EKTH OT KOMOMHHPAHETO.

B 3agavata 3a aBTOMaTHYHO KOMOWHHpaHE Ha ITAHOPAMHH H300pak€HUS MOTaT Jia ce
000CO0ST YeTUpHU OCHOBHHU €Tana:

1) W360p Ha mpOCTPAHCTBO HAa MPU3HALUTE WM XapaKTEPUCTHKHUTE 32 CpaBHEHHE Ha

n3obpaxeHusTa (feature extraction\detection);

2) W3uncnsBaHe Ha MspKara 3a MOJO0ME MEXIy CpPaBHSIBAHHUTE M300PaXKCHHUS U TIO-

TOYHO MEXAY OTAENEHUTE MO BpeMe Ha MBPBHUS €Talm OTIMYUTEeNHU mnpusHaiu (feature

matching);

3) OnpenensiHe TapaMeTpUTe HAa TpaHCHOPMAUUA MEKIY H300PAKECHUATA H ChCTABSHE

Ha MaTeMaTU4YeCcKu MoJien, onucpail Te3u Tpanchopmanuu (homography estimation);

4) Komnencupane Ha Tpanchopmanuutre 1 KOMOMHUpAHE HA BCHUKH HM300pakKeHUs B

€/THO IMAHOPAMHO U300paKCHHE, CITMMUHUPANKN Bh3MOKHUTE BU3YAITHU CICAH U JCPEKTH OT

komOuHHpaneto (blending).
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Beunuky Te3u eranu ca 3abJDKUTEIIHU M U3KITFOUUTETHO BaXKHU 32 YCIICIIHOTO (hOpMUpaHE Ha
MaHOPAaMHO M300paKEHUE OT MHOXECTBO M300paKCHHSI ¢ YaCTUYHO MPHUIIOKPUBAIIM CE CIICHH U
00€eKTH.

@ur. 1 ®opMupane Ha TAHOPAMHO U300paKEeHHES

C uen pa3paboTBaHe M H3CIEBAHE HA AJITOPUTMH 3a aBTOMATHYHO KOMOWHUpaHEe Ha
MaHOPaMHU U300paKCHHS € Ch3/aJICHa MPOrpaMHa OMOIMOTEeKa W JIBE MPHIIOKCHUS, Oa3upaHu Ha
Hes. Cp3maneHaTa 6MOIMOTEKa He € MpelHa3HaueHa caMo M €MHCTBEHO 3a pelllaBaHe Ha 3ajadara
32 aBTOMAaTWUYHO KOMOHMHHpaHe Ha M300pakeHus. Ts MOXKe Ja ce M3MOJ3Ba MPHU PElIaBaHEeTO Ha
IIUPOK HAOOP OT 3a/1auu, CBbP3aHu ¢ IudpoBa 00pabOTKa M aHAIM3 HA N300paKEHUS.

3a cp3maBaHe Ha OmOnmoTekara Osxa W3CIEIBAHM MHOXKECTBO alITOPUTMH, CBBP3aHU C
npo0biieMa 3a aBTOMaTUYHO KOMOMHHpaHe Ha u3o0paxkenus. Cieq mporpaMHaTa peanu3anusi Te3u
QITOPUTMH, & U HOBHU, IPOCKTUPAHH B IMpoIeca Ha pa3paboTka, Bede OsSXa MMILIEMCHTHpPAHU U
TOTOBH 3a MpOBeXJaHe Ha ekcrepuMmeHTH. Chb3lajeHara mporpaMHa OMOIMOTEKa MOXE Ja ce
OTIpeJIeNId KaTo 3aBbpIICHA IO OTHOIIEHUE HAa (DYHKIIMOHAIHOCTTA, KOATO MPEIOCTaBs 3a pelIaBaHe
Ha 3aJa4yaTa 3a aBTOMAaTHYHO KOMOMHHMpaHE Ha M300pa)KEHHs, 3allOTO 32 BCEKH €Tal OT Ta3u
3ajada ca pa3paboTeHU pa3iMyHU aJTOPUTMH U C TSIXHA ITOMOIMI YCIEIIHO MOTaT Ja c€ TeHepupaT
MaHOPaMU OT BXOJHU U300PXKEHHS C OOIIN YaCTH.

B Obaemie pa3BUTHETO HA MPOEKTa MOKE JIa C€ HACOYM KbM aBTOMATHYHO Pa3IO3HABaHE Ha
MHOXKECTBO OT IMMaHOpPaMH IPH JaJCH MacUB OT BXOJHHUTE H300pa)KCHHUs, T.e. aKO Ha BXOja ce
MOJI/1aT €AHOBPEMEHHO DPA3JIMYHUA HM300pakeHUs, OT KOMTO Morar Ja ce gopmupar n Ha Opou
pa3MYHu TAHOPaMH, OMOJIMOTEKaTa aBTOMATHYHO Ja Pa3lo3HAe Te3U MaHOpaMH, e(EeKTUBHO Ja
KOMOMHHpa pa3jIMYHATE MHOXKECTBA OT BXOJHH HW300paKCHHWsI M Ha H3XoJa Ja TeHepHpa
pelieBaHTHU TAHOPAaMH, 00pa3yBaHU OT Pa3IMYHU KOMOMHAIIMU MEXIY BXOJHUTE U300paKeHUSI.
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Jlpyra Hacoka 3a pa3BUTHE € HaMaJsiBaHE Ha BIMSIHMETO Ha JBWXKEIIUTE Cc€ OOEKTH B
pa3IUYHUTE BXOJHU M300pakeHus. AKO BbB BXOJHHMTE M300pa)KCHUs MMa JBMXKEIU CE€ OOEKTH,
TOBa MOXC Jla IrC¢HEpupa (baJ'IIIII/IBI/I CbOTBCTCTBUA Ha MPU3HALUTEC W Ja BJIWAC CHUJIIHO HETAaTUBHO
BBbPXY KpailiHuTe pe3ynaTatu. MaeanHusar aaropuTbM 3a aBTOMaTHYHO KOMOMHUPAaHE HA TAaHOPAMHU
n300pakeHUsT TpsiOBa Ja € MAaKCHMaJIHO YCTOHYMB KbM TaKWMBa IMApa3sHTHU BB3ICHCTBHA,
IPUYMHEHU OT JIBUXKEIH Ce O0CKTH.
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N3NCKBAHVA 3A OOOPMAHE HA CTATUUTE HA ABTOPUTE 3A

II.

I1I.

Iv.

CIIMCAHUE "KOMIIIOTHPHM HAYKH 1 TEXHOJIOT'IN”

PpromucuTe Ha craTHATa Ce MPEACTAaBAT pasledaTaHd B JBa €K3EMIULIpa (OpUTHHAT U
Komue) B pasmep A0 6 crpanunu, hopmat A4 u B eJIeKTpOHEH BUJ HA anpec: TexXxHUUYECKU
yHHMBepcuTeT — BapHa, karenpa “KoMmnioTbpHU HayKu U T€XHOJOrHM, yi. ,,CTyaeHTcka” 1,
9010 Bapmna.
TekcThT Ha cTaTusTa TpsAOBa Aa BKIouYBa: YBO/] (mocraBsue Ha 3amavara), U3JIOXKEHUE
(m3mbpaHeHue Ha 3agadata), SAKJIIIOYEHUE (nonyuenu pesynratu), BJIATOJAPHOCTHU
KbM CHTPYAHULIUTE, KOUTO HE Ca ChbaBTOPU Ha pbKonuca (ako uma takusa), JUTEPATYPA
U aJipec 3a KOHTAKTH, BKIIOYBAII: HAYYHO 3BaHHE M CTENEH, MME, MHULUAIH, (pamuus,
opraHm3anus, nmojeineHue (kareapa), e-mail aapec.
Benuku marematuuecku ¢popMynu TpsiOBa J1a ca HAMCaHM SICHO U YETJIMBO (TpernophyBa ce
usnomyBane Ha Microsoft Equation). Homepanusara nHa ¢gopmynuTe ce naBa BISCHO OT
HAYaJIo0To Ha peaa. TekcThT Ha (opMyNuTe ce MO3UIIMOHUPA B CpellaTa Ha peja.
TekctwT TpsiOBa na Ob1e BbBeAeH BBB (aiin BB Gpopmar WinWord 2000/2003 cbe mpudr
Times New Roman. ®opmarupaneTo TpsiOBa 1a ObJie KaKTO CJIC/IBA:

1.  Pasmep Ha nucrta - A4, nonera: B0 - 20MM, 9CHO - 20MM, TOpHO - 15MM, JOJTHO -

35mMm, Header 12.5mm, Footer 12.5mm (1.25¢m).
2. 3arnaBue Ha OBJITapCKU €3UK - pa3Mmep Ha mpudTta 16, ynedeneH, riiaBHu OyKBH.

3.  EnuH npaseH pex - pasmep Ha mpudTta 14, HopMaseH.

4.  VmeHa Ha aBTOpUTE - UME, MHUIMAIH Ha Tpe3uMe, Gpamiius, 0e3 3BaHHus ¥ HAYyIHU
CTENeHH - pa3Mep Ha mpudTa 14, HopManeH.

5. JIampasuu pena - pasmep Ha mpudTa 14, HOpMaseH.

6.  Pesrome Ha OBATApCKU €3UK, 10 8 pena - pasMep Ha mpudra 11, HopmaeH.

7.  3arjaBue Ha aHTJIMICKH €3WK - pa3Mep Ha mpudra 12, ynedemneH.

8.  Emun mpasen pen - pazmep Ha mpudra 11, HopmaseH.

9.  Imena Ha aBTOpHTE Ha aHTIUICKH €3UK - pa3Mep Ha mpudra 11, HopmaneH.

10.  Enwn npasen pen - pazmep Ha mpudTa 11, HopmaeH.
11.  Pe3rome Ha aHTTUHCKH €3UK, 10 8 pena - pazmep Ha mpudTa 11, Hopmasien
12.  OcHoBHHUTEe paszmenu Ha crarusata (YBoxm, Msnmokenuwe, 3aKiIO4YeHHE,
bnaronapaoctn) ce ¢oopmaTupar B €JHOKOJIOHEH TEKCT KaKTO CJIe/IBa:
a. HaumeHoBanue Ha pasfen wid Ha ToJpas3zien - pa3Mep Ha mpudra 12, ynedenew,
[EHTPHUPAH;
Enun npasen pen - pazmep Ha mpudTa 12, HopmaneH;
c. Texkct - pasmep Ha mpudTa 12, HOpMaeH, OTCTHI HA IBPBU pexa Ha maparpad — 10
MM; pa3cTtosiHue oT mnaparpad ao cecequute (Before u After) 3a menus texer — 0.
d. Ilwrupane Ha UTEepaTypeH HM3TOYHUK - HOMEpP Ha HM3TOYHUKA OT CIHCHKA B
KBaJIpaTHHU CKOOWU;
e. Homepanwus Ha hopMmynuTe - TSICHO MOJAPAaBHEHA, B KPBIJIH CKOOH.
f. T'paduxu - uenTpupanu, pasnonoxenue cupsmo tekcra: “Layout: In line with text”.
g. Jlureparypa — BCEKH JUTEpaTypeH U3TOYHHK CE€ IMPEICTaBs C: HOMEP B KBaJpaTHU
CKOOM W TOYKa, CNHCHK Ha aBTOpUTE (IBPBHUAT aBTOp 3amouBa ¢ (amMuIusd,
OCTaHAJIUTE — C MME), 3arjaBue, U3AaTeICTBO, TPaJl, TOAWHA HA U3/]aBaHEe, CTPAHULIH.
h. 3a KOHTaKTH: Hay4yHO 3BaHHME M CTENEH, MMe, Ipe3uMe (MHHULIHAIN), (aMIInd,
opraHm3anus, mojaeineHue (kareapa), e-mail aapec, ¢ mpudt 11, AICHO TTOPABHEHO.
Obpazen 3a Gopmatupane (kommpecupan Word daiin) MoxeTe na U3TErIUTe OT aapec
http://cs.tu-varna.bg/ - Crmmcanne KHT, Spisanie Obrazec.zip.
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TbPXKaBHUS OFOJKET.
G 9

To3u Opoli OT cIHCAaHUETO CE OTIIEYaTBa
ChC CPEJICTBA OT HAYYHO-U3CJIEIOBATEIICKU
MPOEKT, (PMHAHCHPAH L[EJIEBO OT
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