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PE3IOME

lMopaan HeeaHO3HAYHOCTTa Ha NPEeACTaBAHETO, KAYECTBEHOTO npeo6pa3yBaHe OT pacTepeH BbB BEKTOPEH dropMart cpeLya onpeaeneHu TPYAHOCTK. B n3BectHuTe
KOMepCKhanHu nporpamHi NpoayKT 3a BEKTOPU3NPaHE Ha TEXHUYECKU I/I306pa)KeHI/1$I Ce W3Mon3BaT CaMo HAKOW CEMaHTUYHM CBOWCTBA Ha vepTexa. ToBa 0CHOBHO ce

OCbLLECTBSAIBA NPY Bb3CTAHOBSIBAHE HA CUMETPUYHUTE (DOPMU B M30BPAKEHHETO.

Tyk ce obCbaa METOA 3a MALMHHO Pa3no3HaBaHe Ha CErMEHTU (OTCEUKM M AbrW OT OKPBKHOCT) U OCHOBHW KOHCTPYKTUBHI €NIEMEHTI (MpU3HaLM) B CKaHUpaHo
1306paxeHme Ha AeTaiin B akCoHOMETpUsl. GOpMYNMPaT Ce NOAXOASLLM 33 MallMHHA Peanu3aums YCroBus 3a PEKOHCTPYKLMSA Ha H30GpaXeHUETO.

YBO[

CkaHMpaHOTO M30DpaeHWe Ha MaLLMHOCTPOUTENEH YepTex
€ pacTepusupaHo Komue, KOeTo Chbabpxa [LOMbAHUTENHM
OTKMOHEHWs OT OpWrMHana, [LbiKawy Ce Ha rpewku Ha
cuctemata 3a  KonupaHe. PacTepHute  opmat  Ha
n300paxeHnsiTa He ca MOAXOASALM 33 M3NOM3BaHUTE METOAM
3a obpabotka M rpaduyHa pabota C KonMATa Ha
MaLLMHOCTpOUTENHNTE YepTexn. Heobxogumo e cneumanHo
npeobpasyBaHe Ha W300paxeHMeTo, CBbP3aHO C Pas3no3Ha-
BaHETO Ha ENIEMEHTU Ha uYepTexa W B pe3ynTaT Ha ToBa,
norny4yaBaHe Ha ONpefeNieH CEMAHTMYEeH HauMH Ha CbXpaHsi-
BaHe U NPeACTaBsiHe Ha rpacdhnyHaTta MHopmaums.

CoblyecTByBaT MHOTO MyBnMKaLuMW, ChabpXaly METOAU 1
anropUTMM 3a pasnosHaBaHe, paspellaBalyy OnpeneneHu
KOHKPETHM 3adauu, HO Te He ca ajanTupaHu 3a MalWHO-
CTPOUTENHUTE YepTeXU. PeanuanpaHeTo Ha KayecTBEHO
npeobpasyBaHe OT pacTepeH BbB BEKTOpPEH (hopMmaT Ha
n3obpaxeHne, cpewa onpedenedn TpyaHoctn. OT epHa
CTpaHa, TOBA NMpOM3TUYa OT HEEHO3HAYHOCTTA HA HauMHUTE
3a 3aMeCTBaHe Ha pacTepHOTO MPeACTaBsiHe C BEKTOPHO, a OT
Apyra, OT HepelleHn BBLMPOCM CBbp3aHW C noavepTaHa
KOHTEKCTHa 3aBUCUMOCT Ha eneMeHTUTe Ha U300paxeHueTo.

Cb3fageHn ca MHOTO METOAM W anropuTMKM 3a pasnosHa-
BaHe. Bceku eyH TakbB anropuTbM M3BbPLUBA €fHA YacT OT
obpaboTkaTa u Toil crieaBa [ja ce KOMBMHMpa C Apyri 3a eaHo
LSINOCTHO peluenue. /306paxeH1eTo Ha MalMHOCTPOUTENEH
[eTaiin B aKCOHOMETPHS € IBYMEPHO, HO IECHO Ce Bb3npuema
KaTo TPUMEpHO. YCTaHOBSIBAHETO Ha TouHaTa ¢opma W
MONOXEHNETO Ha OOEKT W MOCTpOsiBaHETO Ha Heroeata
MOHXOBA MPOEKUMS MO [JafeHo HeroBo M3obpaxeHue B
aKCOHOMETPUS 1 HFKOM HeobXomuMuU [daHHM Ce Hapuya
PEKOHCTPYKLMA. HeoBxoaumuTe [aHHM W orpaHuyeHusiTa 3a

BMOA Ha pasmexpgaHute o0ekTM ca  ycrosusTa  3a
PEKOHCTpYMpaHe.

MpeactaensBa WHTEpeC MalWHHOTO pasno3HaBaHe Ha
CKaHMpaHO W300paxeHWe Ha MalUMHOCTPOUTENeH AeTaiin B
akcoHoMeTpusi. 3a eddeKTUBHOTO pasno3HaBaHe Ha OTCEYKM U
ObIM OT OKPBXHOCTM B M300paXeHMeTo M MaKCUManHoO
AoGmKaBaHe [0 JBYMEpHO BEKTOPHO NPEeACTaBsHE, peanuau-
PaHO C YepPTOXEH MPOAYKT € HeoOXoaMMO fa Ce M3BbPLIM U
PEKOHCTPYKLMS, BKMIoYBalLLa:

- OnpedensHe Ha TEXHOMOTMYHUTE MpU3HALM, NPeacTaB-
NABALM OCHOBHW TEOMETPUYHM Tena, ChbCTaBAWwyW obekTa u
CbITbTCTBALLMTE T NPOCTU FEOMETPUYHN Urypy;

- MocTposiBaHe Ha MOHXOBaTa MPOEKLMS C LOMbAHUTENHM
03HaueHWs! 33 TEXHOMOTUYHIUTE MPU3HALM Ha 0BexTa.

- CeMaHTWYHO pa3nosHaBaHe Ha OTCEYKM W IbMM OT OKPbX-
HOCTW B KOHTEKCTAa Ha OMpefeneHUTe TeXHONMOTUYHU Mpu3-
Hauy.

LEN

[la ce npeacTaBu MeTod 3a Pa3no3HaBaHe Ha OTCEYKN U
ObrM OT OKPBXHOCT B aKCOHOMETPUYEH YepTex Ha ﬂeTthJ'l.
Herosoto aBTOMATMYHO PEKOHCTPYMPaHe MpU MOAXOAALLM
OrpaHi4eHms BbPXY CMOXHOCTTA Ha feTaina.

PA3MO3HABAHE HA JIMHWA B CKAHNPAHO
N3OBPAXEHME HA MOHXXOBA MPOEKLIMA HA
MALLUMHOCTPOUTEJIEH YEPTEX

JInHuMTE Cca OCHOBEH rpaduyeH enemMeHT B MalUMHO-
CTPOMTENHNS YepTex, u300paseH B MOHXOBA NpPOEKLMs.
lMpeobnagaeaT BEPTUKANMHM W XOPU3OHTAMHW  TIMHUW.



MoBeYETO OT NUHWUMTE Ca OTCEYKM W ObMM OT OKPBXKHOCT.
NHmMMTe ca O3HAYeHM N0 TOYHO OnpefdeneH HauuH B
3aBucumocT ot Buga um (BAC-ISO 128) n umart crangapTHU:
- (hopma: OTCeYKa, Abra OT OKPBXHOCT, HEMPEeKbcHaTa C
YYMKKM FIMHWS U HEMPeKbCHaTa BbIHOOOpa3Ha NuHKS;
- BMA: HEMpeKbCHaTa NUHUSA, NPeKbcHaTa NUHKSA, NPeKbC-
HaTa NMHNSA C TOYKA U NMPeKbCHATa NIMHUS C [BE TOYKM;
- nebennHa 1 MUHUMarHO OTCTOSIHUE MEXIY YCNOPeaHU nu-
HWM — CbIMACcHO CTaHAAPTHM U3NCKBAHMS;
- U3MCKBAHWSA 33 HAYMHA HA U3MbITHEHME.

MpeoGpadyBaHeTO OT pacTepeH BbB BEKTOPEH (hopmar ¢
nporpamute, npedHasHadeHn ga o6paGoTeaT CKaHMpaHu
N306paXEHUs Ha YepTexu, cpellia onpeaeneHn TPYaHOCTM.
OcHoBeH npobriem Npu BEKTOPU3UPAHETO, € Ye OTCEUKUTE He
BMHArM Ce pasrosHaBaT KaTo efuH CerMeHT. PasunTa ce Ha
feGenuHaTta Ha NUHUATa W B Criyyail Ha He OoBpe u3paseHa
pasnuka B JeBenuHuTe Ha pasnuyHUTe NIMHUKM ce Monyyasar
rpelwkn. Hama MexaHu3bM 3a KOHTEKCTHO pasrnosHaBaHe 1 ce
pasyuTa Ha HamecaTa Ha onepaTopa 3a fa Ce Kopurupat
rpelkuTe.

O6paboTBaHe Ha pacTepHO NpeAcTaBeHaTa NIMHUA
OcHoBHaTa xapaKTepuCTMka Ha pacTepHo u3obpaseHaTta
NUHKS, € Ye TH UMa onpefdeneHa WnpuHa. 3a obpo BuU3yamnHo
Bb3npveMaHe € Heobxoguma [OCTaTbYHO ronsMa pasgenu-
TenHa cnocobHOCT, Taka Ye Mo LMpMHaTa Ha NIMHUATA Aa ce
MOMECTBAT MOHE HSKOMKO Mukcena. ChLUecTBYBa 1 KpUTEpUiA
3a onTumaneH w3bop Ha pasgenuTenHaTta  CrnocobHOCT,
HapeveH ycrogue 3a ckemecmumocm (Pavlidis,1986), Taka ye
pacTepu3nNpaHoTO MpeacTaBsHe [a CbAbpxa OCHOBHUTE
TOMOMOMMYHN CBOWCTBA Ha KpuBaTa. TO3M KpUTepui e opmy-
NMpaH Mo eBPUCTUYHN CbOOPaXEeHUst — CMsTa Ce, Ye aKo
npeactaBeHaTa pacTepHO kpuBa ce Bbanpuema aobpe
BM3yanHo, TO TS MpuTexaBa BCWYKWTE CU  CBOICTBA.
CTpemexbT KbM HamansBaHe Ha pacTepHaTa Mpexa e
CBbP3aH C TOBA, Ye OT OpOst Ha pacTepHUTE ENeMEHTU NMPSKO
3aBucy 6post Ha HeobxoauMnTe onepauun 3a 06paboTBaHe Ha
1300paxeHNeTo Ha NMUHUATA — T.€. 3aBUCW CMOXHOCTTA Ha
n300paxeHNeTo B TOBa NpeacTaBsHe. HamanssaHeTo Ha Opost
Ha MUKCENWUTe Ha NMHWSATa UK NPEACTaBSHETO N0 APYr HAYWH,
ype3 mnogobHM OCHOBHWM ENeMEHTM NpW 3amasBaHe Ha
HeobxogumuTe 3a npeobpasyBaHETO CBOWCTBA, YBENM4YaBa
NHCOPMATMBHOCTTA Ha pacTepHOTO 1306paxeHwme.

U360p Ha noaxoaswy MeToA 3a pasno3HaBaHe Ha OTCeuka
¥ Abra oT OKpPBLKHOCT

Mpw u3bopa Ha MeTod 3a pasno3HaBaHe € HeobXxoanUmo Aa
Ce OTYMTAT HauuHa Ha U3MbIHEHWE Ha NUHUKTE, CTaHOApT-
HUTe CBOIICTBA Ha pacTepHO 1306paseHUTe NUHIK, XapaKTepa
Ha npeobraaaBalumTe fedekTi B pacTepHOTO U30BpaxeHie 1
HaNMYMeTO Ha B3aUMHO MpecuyaHe Ha nuHuMTe. Moaxoasiy e
METOA, KOWTO MHTEPNpeTMpa PbYHOTO YepTaHe Ha NUHWUTE
KaTo MOCMedoBaTesHO HaHacsHe Ha Mamlki  OTCeYKM C

onpeaeneHa abmkvra d, .

OcHoseH B8€EKIMOp Hapuyame OoTCeYka C AbINKUHA de CbC

CBOMCTBOTO: Ob/KMHATA de 0a € O0CTaTb4Ha, Taka 4e npu

NpeacTaBAHe Ha Ablra OT OKPBXHOCT C Bb3MOXHO Har-Mankus
pagMyc Ha uepTexa 4pes MoCrefoBaTeNiHoCT OT OTCEUKM C

pomxvHa d | rpewkaTa Aa He HaaMMHaBa npeaBapUTEsNHO

e

onpegeneHa CTOMHOCT.

Creq npunaraHe Ha CTaHOapTHUS! METOA 3a OKOHTYpBaHe,
Taka MONyYeHUSIT BEPWXKEH Kof, Ce 3amecTBa C Mocredo-
BaTENIHOCT OT OCHOBHM BEKTOPW — HACOYEHM OTCEYKM MOCoKa-
Ta, Ha KOUTO Ce ompefens OT HauMHa Ha MpPeMUHaBaHe Mo
KOHTYpa.

npe,ElCTaBﬂHeTO Ha KOHTYpa C OTCEYKM C ObJDKMHA de nma

NpeauMCTBOTO, Ye Ce NpeoaonsieaT AedekTH KaTo:
- HKOW pedyBaLuy Ce NUNCBALUM UMW U3MULIHW NUKCeNW no
KOHTYpa;
- INCBALLW MasKW rpynn UN 4UMHNYHN MUKCENM BLTPELLHM
3a NUHKATa;
- nedbekTM camo Mo efHa rpaHuUa B fokanHa obnact Ha
NMHUATa;
- W3NUWHO AETalNHO NPeACTaBsHE Ha KOHTYpa, KOEeTo
3abaBs obpaboTkara.

Bcekn cermeHT (YacT OT OTCeuYKa WK Ibra OT OKPBXHOCT)
Cce npeAcTass upe3 Agoitka cvekynHocTh [ w [, or
OCHOBHW BEKTOPHW, anpokcummpaln KoHTypa (cur.1, dwr.2).
Onpegens ce w [, 0 I Ul, - nocnenosarentoct or

OCHOBHY BEKTOPM C JOCTaTbyeH Opoit, Taka Ye Aa MOXe fa ce
ONMpefenu KpuBMHATA Ha CETMEHTa M OT TaMm Janu Toih e
CETMEHT Ha OTCeYKa WNW Ha Abra OT OKPBHKHOCT. CermMeHTbT
Ce OMMCBA BEKTOPHO KaTo €AMH 0DEKT — OTCeYka Ui Abra oT
OkpwbxkHocT. Mpunara ce metoga Ha Hough (Toues I., 1998).

Queypa 1: Usobpasseare Ha omceyka e (6 ,R)
npocmpaHcmeomo
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Queypa 2: N306passisaHe Ha Obea 0M OKPbKXHOCM 8
(@ ,R) npocmparcmeomo

PA3MO3HABAHE HA IbI'A OT OKPBXXHOCT B
CKAHMPAHO N3OBPAXEHWE HA MALLMHOCTPOUTESIEH
YEPTEX B AKCOHOMETPUA

B 06Luys criyyaii oKpbkHOCTTa ce U30bpassiBa kaTo enunca.
Pa3snosHaBaHeTo Ha [bra OT enunca Haii-obWwo Moxe Aa



CTaHe 4pe3 WHTepnonauua Ha nNuKCenuTe Ha nNUHUATa C
napaMmeTpuMyHO onucaHa enunca. C reoMeTpu4Hn CpeacTBa
3aja4ata ce peanuunpa no-paunoHanHo.

Onpe.qenm-le Ha cnperHatute paguycu Ha CerMeHT OoT
enunca u gonbyiBaHeToO My A0 enunca
Creg npeacraBdaHe Ha CErMeHTa OT enunca C OCHOBHU

BEKTOpU no I'r ce onpenensd, 4e CErMeHTbT He € OTCeuka.

M3nona3ea ce CcpeaHaTa NuHNA Mexay r L r , Ha CermeHTa.

Korato gbrata e no-manka ot 1/2 yacT oT enuncaTta Moxe Aa
Ce NpUnoXu MeTOABT WICTPUpaH Ha ¢urypa 3. Obrata ce
[ENnn Ha TpU paBHW YacTW W MO BCAKA 2/3 YacT ce nocTposiBa
pvameTbp U gonupatenHa. Msnonssa ce, ye cnperHaTwsaT
QVamMeTbp e ycrnopeaeH Ha gonuparentara. o aBa aMameTs-
pa ce onpefens LeHTbpa Ha enuncaTta. 3a [OMbrBaHe Ha
CerMeHTa [jo enunca ce u3nonaea, Ye BCska xopaa ycnopegHa
Ha €OVHWS [MaMeTbp, CE pa3rnonoBsBa OT CrperHatus My
AVaMeTbp.

Queypa 3: MocmposisaHe Ha UeHMbpa Ha enunca u
HelHu cnpeaHamu paduycu no dadeH ceameHm om Hes

PekoHCTpyKuMs  Ha
aKCOHOMeTpuA
TpaHchopMMpaHETO Ha enunca B OKPBXHOCT MOXe [da
CTaHe MO pasnuYHM HauMHW B 3aBUCMMOCT OT u3bpaHaTa
aduHHa TpaHcopmauusi. 3agayata  MMa  CTAHZAPTHO
PeLLeHe, KOraTo OKPbXHOCTTA € B KOOpANHATHA paBHWHa. Ha
cur.4 e uniocTpupaHa TpaHcopMaums Ha abra oT enmnca ot

paBHKUHaA OXy B OKPBXHOCT NpuU NPOW3BOJIHA HaKIOHEHa

OKPBLXKHOCT, KU300paseHa B

! ! !
aKcoHoMeTpua ¢ MalabHn eauHuum €, ,€ . €. MonydeHa-
Ta OKPBXHOCT € nopobHa Ha fgencTBuTenHaTa ¢ koeduumeHT

e
Ha nogobue K = — . Tasan TpaHcchopmaumsi ce mpunara
e

X
BbPXy OCHOBHWTE BexTopu v ce nonmyuasar [, u [, 3a
OKpBXHOCTTA. TA ce pa3nosHasa no Metoaa Ha Hough

Queypa 4: PekoHcmpykyus Ha dbaa 0m OKPbXKXHOCTM

PEKOHCTPYKLIMA OT CKAHUPAHO
N3O0BPAXEHME HA MALUMHOCTPOUTENEH JIETAMIN B
AKCOHOMETPUA

Mon PEKOHCTPYKUMS OT CKaHMpaHO Wu3obpaxeHue B
aKCOHOMETpUS e pa3bupame CbMoCTaBAHETO Ha NpOCTpaH-
CTBEHUTE KOOPAMHATM W Pa3MepU Ha CErMEHTUTE OT OTCEYKU U
OKPBKHOCTM, MpeAcTaBsly pbboBeTe Ha feTaina. KpaiHusat
pesynTar Le NOCNyXM 3a No-TOYHO U3obpassBaHe Ha obekTa B
MOHXO0Ba NpPOeKUMst WK akcoHomeTpusi. [lpu  MO-MbSHO
pellaBaHe Ha BbMpoca 3a pasno3HaBaHe OT CKaHUpaHo
n3obpaxeHne e HeobXoaUMo Aa ce M3MON3BaT M 03HaYeHusITa
3a pasmep. TyK Lie Ce OrpaHMyUM camo 4O FeOMETPUYHOTO
nornyyaBaHe Ha pa3MepuTe, KOETO € JOCTaTbYHO 3a LIeNnTe Ha
n3obpassiBaHeTo.

OCHOBHM YCNOBMS 3a PEKOHCTpyMpaHe
3a PEKOHCTPYMPaHEeTO Ha Hal-NpocTi Tena — npasa
NpaBobIbIHA MPWU3Ma W MpaB KPbroB LMMMHALP C OCHOBA B

OXY € [0CTaTb4HO da ce 3afanar.

- HAYaNoTO Ha KoopAMHaTHaTa cUCTEMA U pasMepuTe Ha TpU
OTCEYKM, C HanpaBieHNs! YCNOpPeaHU HA KOOPAMHATHUTE OCH.
ToBa MOXe Aa ca BpbX OT OCHoBaTa W pbboBE Ha
1306pa3eHoTo TANOo (chur.5);

- ppboBeTe 0T OCcHOBaTa Ha TANOTO TPsbBa Aa ce nocovar.

Mpu Taka 3afafeHnTe YCroBus NIMHUKTE Ha TenaTta oT ¢ur.5
MoraT NEecHO Aa Ce pa3snosHasT W OMuWAaT C TEXHUTE
npocTpaHCTBEHM pa3mepu. 3nonaea ce, ye:

- YCMIOPEAHNTE U PABHW OTCEUKM MMAT PABHU ObIKUHM;

- CTEHUTe NPeACTaBMsBaLM PaBHUHHW DUTYPH, KOUTO MMaT
ABE KOHTYPHU OTCEYKM, YCMOPEaHM Ha KOOpAWNHATHA paBHUHA
Ca YCTIOPeAHW Ha Ta3W paBHMHA M WUMAT edHa MOCTOsHHA
KOOpAMHaTa 3a BCUYKUTE CU TOUKM;

- OCHOBAaTa Ha LMNMHOBPA CE MoflyyaBa Mo HauMHa 3a
PEKOHCTPYKLMS HA OKPBXHOCT OT KOOpAMHATHA pPaBHUHA,
pasrrnefaH no-rope;

- eHaKBUTE enuncy, NpeacTaBnsBaT 06pasuTe Ha eaHaKBy
OKPBKHOCTM OT YCNOPELHN PaBHUHU.
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Queypa 5: lpusma u yunuHOBP cbe 3a0adeHu
OCHOBHU yCr108UST 38 PEKOHCMPYKUUS

Mpn 3agageHn OCHOBHW YCTOBWSI 33 PEKOHCTpyWpaHe €
HeoOXxoaMMo, TPLIBalkM OT €OMH [JONEH BPbX Ha TAMOTO Aa
MoraT fa ce 0bxogsT BCuukuTe My pbboBe M ce onpepensT
KOOpAMHATUTE Ha KpalHUTE TOYKM Ha Te3u pbboBe.
ObxoxpaHeTo MOXe [a CTaHe eAHOBPEMEHHO C MapKVpaHe Ha
CTEHWTE Ha TANOTO — Ypes 3amb/iBaHe Ha CTeHa ce onpeaensT
pbboBeTe, KOMTO § OrpaHuyaBaT. M3nonssa ce, ye Te3n
pbOoBe nexaT B paBHMHA, YCMoOpedHa Ha KoopAuMHaTHa
paBHMHA M Ce ONpedensT KOOpAMHATUTE Ha KpaiiHUTe UM
TOYKM.

CrenuTe ca Tpw BMAa:

Bug 1 - paBHMHHA ¢hurypa, ycropeaHa Ha KoopauHaTHa
paBHWHA.

Bug 2 — paBHWHHA durypa wnm LMNMHAPUYHA MOBBPXHUHA,
YCMopeaHU CaMo Ha efiHa KoopAMHaTHa oC.

Bug 3 — paBHMHHa durypa, He ycrnopegHa Ha koopauHaTHa
OC 1N He paBHWHHa durypa.

JlombnHuTENHUTE YCMOBMS Ce CbCTOAT B YKaseaHe OT
onepaTopa Ha CTEHWTE OT BUA 3, NPU KOETO Te HEe y4acTBarT B
anroputbMma, npeacTaBeH Ha ¢ur. 6 3a nocTaBsHe Ha
koopamHaTu Ha pbboBeTe.

3agaBaHe Ha OCHOBHUTE
U OOI'BIIHMATETHN YCTIOBUS
3a PeKOHCTPYKIUS

OnucBaHe Ha BCUUKU OTCEUKU
1 OBI'U BKJIIFOUEHU B p’LGO]BeTe

a He
N3bupa ce cbcedHa A Uma mm
cTeHa omme \i(pan
CTeHU
Crenata ce
Da MapKupa
Crenara\ He Crenarta\ He
e paB.
purypa e or
BULO 3
Ia CreHara ce MapKHpa.
[lo pasmonokeHUeTo Ha
cTeHaTa ce OIpelessdaT
Crenarta ce Maprwpa. CreHaTa ce MapKHUpa. KOOpOUHATUTe Ha
OmpenensaT ce KOOPOMHATU Ilo pasmnonoxeHueTo orpaHUYaBalIUTE S OTCEUKU
Ha pBOOBETE U EBEHTyaslHOo Ha cTeHaTa Ce OTpemersT U Cé peKxoHcTpyupar orpa—
ce peKoCTpyupaT OorpaHU4da-— KOOpLOWHATUTE Ha HUUYaBalllMl 9 OBCU OT
Balmy ¢ OBIA OT OKPBXHOCH pn6oBete OKPBKXHOCTH.

Oueypa 6: Cxema Ha aneopumbMa 3a PEKOHCMPYKYUS Ha demalil om ckaHupaHo U30bpaxeHuUe Ha akCOHOMEeMPUYEH Yepmex

[onbnHUTENHM YCNOBUA 3a PEKOHCTPYKLMA

Pasrnexgame Bbnpoca 3a PEKOHCTpPyMpaHe Ha TAMo,
KOHCTPYKTMBHO NMPeLCTaBALLO Ce KaTo cevenne, obeanHermne u
pasnuka Ha npaBu NPaBOBLIBbAHM MPU3MKA W NPABU KPBrOBY
uanuHopw. TakaBa (popMa e Hal-4ecTo CcpellaHa npw
AeTannuTe B MalMHocTpouTeneH yeptex. OBUKHOBEHO npw
n3obpassiBaHe B aKCOHOMETPUS MO-roNnsMaTa YacT OT CTEHUTE
Ha TAMOTO Ca YCMOPELHW Ha KOOPAWHATHUTE PaBHUHW W

TANOTO € NOCTaBEeHO C OCHOBATa CU B OXy .

CkpuTa nHchopmauus

AKCOHOMETPUYHOTO M306paxeHne e HarneaHo, Ho Moxe Aa
He CbAbpxa uanaTta rpaguyHa uHdopmaums. [etanmbr,
n306pa3eH Ha ur.7 uma CKpUTU CTEHM M YacTu, KOUTO He ca
n3obpaseHu. Tasn MHGOpMaLmMs MOXe Aa Ce AOMbIHM Camo,
ako ca [afeHW OpTOroHanmHW npoeKuMu Ha feTanna u
€BEHTYanHO HeobXoauMUTE U3rMneam 1 paspesu.

PEAIM3ALNA HA METOA

3a eKkcnepuMeHTanHO peanusmpaHe € U3nonasaH, CkaH1paH
OT XapTUEHO KOMKe YepTeX Ha AeTain (cur.7) ¢ pasgenuten-
Ha cnocobHocT 300 dpi. OcHOBHUTE Onepauuu ce W3BbpLUBAT
B MameTTa Ha KOHTEKCTHO YCTPOWCTBO 3a BU3yanuaupaHe ¢
256 upsTa.

PeanuanpaHy ca anroputmuTe:

- OKOHTYpBaHe;

- ONMCBaHE Ha KOHTYPa C OCHOBHM BEKTOPY;

- pa3no3HaBaHe Ha 0TCeYKa U Ibra OT OKPBKHOCT,;

- OTAENsIHE U Pa3no3HaBaHe Ha LPUXOBaHN MUHUM;

- OTAENsIHe Ha Pa3MEPHUTE FIMHIW W 03HAYEHUSTA;

- PEKOHCTPYMpaHe Ha aKCOHOMETpUYEH 06pa3 Ha OKPBKHOCT
OT KOOpAMHATHA PaBHUHA.




Queypa 7: a. — CKaHUpaHO U30bpaxeHue om
aKCoHOMemMpPUYeH Yepmex Ha Oemalin; 6. — ppazmeHm om
usobpaxeHuemo cred OKoHMypeaHe Ha pbboseme

Bbeexaa ce napameTbp 3a AbMKMHA Ha OCHOBHUSI BEKTOP,
CcTaHgapTHY AeGenuHu Ha MMHUMTE 1 [OMYCTUMO M3KPUBSIBAHE
Ha oTceukuTe. LLpuxoBaHaTa yacT ce otaens no aeGenuHa Ha
NNHAUTE.

Ha ¢ur.7a. ca o3HayeHn ¢ S| 1 S, MOBBPXHUHUTE OT BIA

3. Havanoto Ha koopauHaTHaTa cuctema € B Toukata A 1 ca
n3bpaHu 3a KOHTpon Ha maumcnenusita Toukute B, C u D.
Pesyntatute ca gagenu B Tabnmua 1.

Ha cpur.76. e nsobpaseH parmMeHT 0T u30bpaxeHneTo cnea
okoHTypBaHe. OT Hero HenocpeAcTBEHO ce Habniogasat
BaXHM CBOWCTBA, KOWTO CE M3NOM3BaT Npu pasno3HaBaHe Ha
nUHMMTE:

- N0 — Marnka febenvHa Ha LWpUXoBaHUTe NIUHWK,

- SICHO M3pa3eHa kpuBMHA Ha AbruTe OT pbOoBeTE;

- Bb3MOXHOCTTa 33 NpeofonsBaHe Ha LedekTuTe, KaTo ce
anpoKcUMMpa NnomyyYeHUs! KOHTYP 1

- MHoro Aobpe 13paseHa CBbP3aHOCT Ha BLTPELLHIS KOHTYP
Ha BCWuKK pbbOBE OrpaHMyaBalLy eaHa cTeHa.

Tabnuua1: KoopauHatu Ha Toukute A, B, C, u D nonyyeHnu npu
peanuaupaHe Ha MeToaa

X y z
A 0.00 0.00 0.00
B 8.02 2.23 27.15
C 34.40 17.05 27.15
D 54.84 -2.45 27.15

OBcbaeHuaT noaxon 3a MalWMHHO pasrno3HaBaHe Ha
aKCOHOMETPUYEH 4YepTeX Ha ,qua[/'Iﬂ CbAbpXa OCHOBHUTE

HeobXoaMMM KOHTEKCTHO 3aBucumK obpaboTku. lNpeanara ce
paLuoHaneH MeTof 3a pa3no3HaBaHe Ha 0bekTuTe B (0 ,R)

MPOCTPAHCTBOTO W Bb3CTAaHOBABAHE Ha MHAopMauusTa 3a
OCHOBHWTE hUrypy Ha U30GpaXeHNETO.

dopmynupaHaTa 3agava 3a PEKOHCTPYWMpaHe Ha CkaHupaHo
Kornue Ha akCOHOMETPUYHO W300paxeHne u u3bpaHus NOAXoA
MoraT da nocrnyxar 3a aBTOMaTM3MpaHo W3BIMYaHe Ha OCHOB-
HWUTE KOHCTPYKTWBHW NPW3HALW Ha AeTailn M Cb3haBaHe Ha
cucTemMa 3a pasnosHaBaHe C ONTUMArHO U3NON3BaHe Ha
CeMaHTukaTa Ha obekTa..
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SUMMARY

Because of ambiguity presentation, the qualitative transformation from raster to vector format meets definite difficulties. In the well-known commercial program
products for vectoring of technical images are used only some semantically characteristics of the mechanical drawings. This is realized thoroughly only in the

reconstruction of the symmetrical forms of the image.

Here is discussed a method for machine recognition of segments (segments of lines and arcs of circles) and basic constructive elements (features) in scanned image
of a mechanical detail in axonometry. Here are enunciated conditions for reconstruction of the image that are suitable for computing realization.
Key words: recognition, vectorization of mechanical drawing, reconstruction, raster image,

INTRODUCTION

The scanned image of mechanical drawing is a rasterized
copy, what contains additionally deviation from original, by
reason of mistakes of the copying system. The raster formats
of the images are not suitable for the used methods for
treatment and graphical work with the copies of the mechanical
drawings. It is necessary a special transformation of the image,
that is connected with recognition of drawings elements and in
a result of this, receiving a definite semantic way of preserving
and presenting of the graphical information.

There exist many publications that contain methods and
algorithms for recognition for decides definite tasks but they
are not adapted for mechanical drawings. The realization of a
qualitative transformation from raster to vector format of an
image meets with some difficulties. From one side this follows
from dissimilarity of the ways for replacement of raster
presentation with vector, but from another side from unsolved
questions that are connected with context dependent of the
elements of the image.

There are established many methods and algorithms for
recognition. Each one of these algorithms performs a part of
the processing and they follow to be combined for a full
decision.

The image of a mechanical detail in axonometry is two -
dimensional, but it is easily perceived as three - dimensional.
The establishment of the exact shape and position of one
object and building the it's orthogonal projection on given it's
image in axonometry and some necessary data is called
reconstruction. The necessary data and restrictions for of the
discussed objects are the conditions for reconstruction.

For the effective recognition of segments and arcs of circles
in the image and for maximal approach to two - dimensional

vector presentation is necessary to perform and reconstruction
that includes:

- Determination of the technological features, that are basic
geometrical bodies, constituting the object and concomitant
with them simple geometrical figures;

- Building the orthogonal projection with additional
denotations for the technological indications of the object;

- Semantically recognition of segments and arcs of circles
in the context of the definite technological features.

THE PURPOSE

To present a method for recognition of a lines and arcs in
axonometric drawing of detail. It automatic reconstruction on
properties restrictions on complexity of detail.

RECOGNITION OF A LINE IN SCANNED
IMAGE OF THE ORTHOGONAL
PROJECTION OF MECHANICAL

DRAWING

The lines are basic graphical elements in mechanical
drawing, depicted in orthogonal projection. Vertical and
horizontal lines predominate. Most of the lines are segments
and arcs of circle. The lines are denoted in an exactly
determined way in dependence of their aspect (BDS - I1SO
128) and have standard:

- Shape: segment of ling, arc of circle, continuous line with
great bends and continuous wave line;

- Kind: continuous line, broken line, broken line with dot and
broken line with two dots;

- Thickness and minimum elongation between parallel lines
- according to standard requirements;

- Requirements for the way of realization.



The transformation from raster to vector format with the
programs used for processing of scanned images of
mechanical drawings meets with definite difficulties. A basis
problem at vectorization is that the segments was not usual
identified as one segment. It is relying for the thickness of the
line and some mistakes was obtained in a case of not well -
shown difference in thickness of different lines. There is not
mechanism for context recognition and depends on operator's
intervention to correct mistakes.

Processing of raster presented line

The basis characteristic of a raster represented line, is that it
has definite thickness. For good visual perception it is
necessary enough large dividing ability, so the width of the line
to put in several pixels.

There exists a criterion for optimum choice of the dividing
ability, that is called condition for compatibility (Pavlidis - 1988),
so that raster representation to contain main topological
characteristics of the curve. This criterion is arise out of
heuristic considerations - is considered that if raster
represented curve is well visual perceived, than it have all its
characteristics. The aspiration for decreasing of the raster net
is connected with this, that the number of raster elements is
athwart dependent of the number of necessary operations for
processing of line's image - i.e. the complexity of the image in
this presentation depends from it. The decreasing of the
number of pixels of the line or the presentation in another way
by similar basis elements in preservation of the necessary
characteristics for the transformation increases the informative
character of the raster image.

The choice of the proper method for recognition of
segment and arc of circle

Method for recognition depend of way for realization of the
lines, the standard properties of raster depicted lines, the
predominant defects in the raster image and presence the
intersection of lines. It is a proper method, which interpret
drawing of the lines by hands as consecutive plotting small

segments with definite length de .

We call basic vector a segment of line with length de and

characteristic: the length d, to be sufficient, as that in
presenting of a arc of circle is possibly the least radius on the
drawing with sequence of segments with length de, the
mistake must not exceed in advance definite value.

After applying of the standard method for contouring the
received chain code is replaced by sequence of basic vectors,
whose direction depended from direction of transition on the
contour.

The presentation of the contour with segments with length
d, has the priority, because it overcomes defects as:

- Some alternating of missing or redundant pixels on the
contour;

- Missing small groups or single pixels inside for the line;

- Defects only on one boundary of sectional area of the

line;

- Redundant circumstantially presentation of the contour,
which delay performance.

Every segment (part of the segment or arc of circle)
presented with pair [ | and [, multitudes of basic vectors
approximating the contour (fig.1,fig2). I, O I, Ul is
determined (defined) as a sequence of basic vectors with
sufficient number, so it be able to determine the curvature of
the segment and thence whether it is segment of straight line
or arc of circle. The segment describes in vector format as an

area — segment of straight line or arc of circle. There is applied
the method of Hough (loues I., 1998).
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Figure 1: Representation of segment of line in (8 ,R) space
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Figure 2: Representation of segment of a circle in
(@ ,R) space

RECOGNITION OF ARC OF CIRCLE IN
SCANNED IMAGE OF MECHANICAL
DRAWING IN AXONOMETRY

In the common case the circle depicts as ellipse. The
recognition of the arc of ellipse most generally can become
with interpolation of the pixels of the line with describing ellipse
with parameters. With means of geometry the problem realizes
more rational.

The determination of the conjugate radiuses of segment of
ellipse and its complements to ellipse
After presentation of the segment of ellipse with basic

vectors on [ determines that the segment is not a part of
straight line. Here uses the middle line of the segment between
[, and I, . When the arc s less of % part of ellipse here can

applied the method illustrated on figure 3. The arc splits into
three equal parts and on each 2/3 part construct (draw up)
diameter and tangent line. Here uses that the conjugate
diameter is parallel to the tangent line. The center of ellipse
determines according two diameters. For addition of the
segment to ellipse uses that each chord parallel to one
diameter halves (divides into halves) from its conjugate
diameter.



Figure 3: Building of the center of the ellipse and its
conjugate radiuses by given segment of it

Reconstruction of circle, that is depicted in axonometry
The transformation of the ellipse into circle can become in
different ways depending on the chosen affinity transformation.
The problem has standard decision, when the circle lines in the
coordinate plane. On the figure 4 is illustrated a transformation
of arc of ellipse from plane Oxy into circle at oblique
axonometry with scale units e\ ,e'y,e'z . The received circle

is similar to the actual with the coefficient of similarity

€
k= e_' This transformation applies on the basic vectors

and receives [ | and [, for circle. It is named the method of
Hough.

Figure 4:Reconstruction of arc of circle incumbent in co
- ordinate plane

RECONSTRUCTION FROM SCANNED
IMAGE OF MECHANICAL DETAIL IN
ACSONOMETRY

We shall understand under reconstruction of scanned image
in axonometry, the detecting of relation of the space
coordinates and sizes of the segments of lines and of circles,
representing the edges of the detail. The finite result will serves

us for exactly depiction of the object in orthogonal projection
or in axonometry.

By more complete decision of the problem for recognition
from scanned image is necessary to use symbols for size.
Here we will to restrict only to geometrical receiving of the
sizes, what is sufficient to the purposes of representation.

Basic conditions for reconstruction

For the reconstruction of most simple body of right
rectangular prism and right circular cylinder with base in Oxy is
sufficient to give:

- The beginning of the frame of reference and sizes of
three segments of lines, with directions that are parallel
to the co-ordinates. They can be points of the
foundation and edges of the represented body (fig.5);

- The edges of the base of the body must be denoted.

On such given conditions the lines of bodies fig.5 can easily
to be recognized and described with theirs spatial dimensions.
Here is used that:

- The parallel and identical segments have equal lengths;

- The sides,which are figures of a plane and have two
contours of segments, which are parallel to co-ordinate
plane, are parallel to this plane and have one fixed co-
ordinate for all their points;

- The foundation of the cylinder is received in the way for
reconstruction of a circle in a co-ordinate plane that is
up considered;

- The identical ellipses are the images of equal circles
from parallel planes.

e

Figure 5: A prism and circular cylinder with given basic
conditions for reconstruction

Additional conditions for reconstruction

We consider the question for reconstruction of a body,
constructive presented as intersection, union and difference of
right rectangular prisms and right circular cylinders. Such a
form is most frequently meets in details in mechanical
drawings. Usually in representation in axonometry the bigger
part of the sides of the body are parallel to the co-ordinate
planes and the body is lays with its base on the Oxy.

In the given basic conditions for reconstruction it is
necessary, begin with lower point of the body can traced on of
all its edges and it are determining co-ordinates of the end



points of the edges. The tracing can perform at the same time
with marking the sides of the body with filling on side determine
the edges that restricted it. Here uses that the edges lay on
planes, which are parallel to the co-ordinate plane and it are
determining the co-ordinates of its ending points.

The surfaces are three types:

Type 1 - planar figure, that is parallel to the co-ordinate
plane;

Type 2 - planar figure or cylindrical surfaces, that is parallel
only to one co-ordinate axis;

Type 3 - planar figure, that is not parallel to co-ordinate axis
or not planar figure.

To begin with put the basic
and additional conditions
of reconstruction

Description of all segments
of line and arcs included

Yes

in edges
N
Yes Are
Choose the neighbour there No
side another End
sides
The side is
Yes marked
The The
é‘fii;i side is No
figure of type

3

The side is marked. By

The side is marked. Is
determined co-ordinates of
edges and is reconstructed

the arcs. of edges and is

The side is marked. By
situation of the side is
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reconstructed the arcs.

situation of the side is
cdetermined co-ordinates
of limited segments of
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the arcs.

Figure 6: Logical scheme of the method of reconstruction on detail from scanning image of acxonomery

Additional conditions consists in leading from the operator
the sides from type 3 and they are not participate in algorithm,
represented on fig.6 for building the co-ordinates of the edges
finite points.

Hidden information

The axonometric image is visual (clear), but it may not
contains all graphical information. The detail that is depicted on
fig.7 has hidden the sides and parts, which are not depicted.
This information may be supplemented only if are given
orthogonal projections of the object and eventually the
necessary aspects and sections.

THE REALIZATION OF THE METHOD

For experimental realization is used a scanned from paper
copy of mechanical drawing of a detail (fig.7) with dividing
ability 300 dpi. The basic operations are executed in memory
of a context unit for visualization with 256 colors.

The following algorithms are realized:
- Contouring;
- Describing of the contour with basic vectors;
- Recognition of segment of line and arc of circle;
- Separating (allocating) and recognition of the hatch —
lines;
- Separating of size (dimension) lines and the symbols;

- Reconstruction of the axonometric image of circle from
co-ordinate plane;

Figure 7: a. — scanned image a detail from mechanical drawing
in axonometry; b. — a fragment from image after the tracing the
contour of the edges

Here is introduced a parameter for length of basic vector,
standard thickness of the lines and admissible curvature
(torsion) of the segments. The hatched part determines from
the thickness of the lines.

On figure 7 a. the surfaces from type 3 are denoted with s1
and s2. The beginning of the frame of reference is in point A .
The points B, C and D are chosen for control of the
calculations. The results are given in table 1.



Table1: Co-ordinates of the points A, B, C, and D are obtained
at implementation of a method

X y z

A 0.00 0.00 0.00
B 8.02 2.23 27.15
C 34.40 17.05 27.15
D 54.84 -2.45 27.15

On fig.7 b. is depicted a fragment from the image after
contouring. From it immediately are observing important
characteristics, that are using for recognition of the lines:

- Less thickness of the lines;

- Clearly expressed curvature of the arcs from edges;

- The ability for overcoming defects, as the received
contour is approximating

- Very well expressed coherence of the inside contour with
all edges restricting one side.

The discussed approach for recognition of an axonometric
mechanical drawing of a detail contains the basic necessary
context-dependent processing. Here is offered a rational

method for recognition of the objects in (9 ,R) space and

Recommended for publication by Department
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reconstruction of the information for the basic figures of the
image.

The enunciated problem for reconstruction of scanned copy
of axonometrical image and the chosen approach can be used
for automatically obtaining of the basic constructive features of
a detail and creating a system for recognition with optimum
using of the semantic of the object.
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