MinicrepcTBo oCBiTH i HAYKH YKpainu

YepuiBenbkuii HanionaJbHUM yHiBEpCHTET

iveni IOpist @eabroBUYa

HaBuaibHO-HAYVKOBHUM 1HCTUTYT (DI3SUKO-TEXHIYHUX TA KOMII'IOTEPHUX HAVK

(noBHa Hazpa IHCTHTYTY/ PAKYALTETY)

Kadeapa indopMaliiinux TEXHOJIOIH Ta KOMIT IOTEPHO1 (hi3UKU

{noeua nazsa kadenpu) '

Indopmaniiina cucrema JuIst Ho0Y/I0BH TPUBUMIPHUX MoO/1e/IeH

00’ekTiB MeTo/IoM oTorpamerpil

Kpauigikaniiina podora
PiBenn BuIOT OCBIiTH - nepinui (0aKkaJIaBpCbKHM)
Bukonas:

cryiaent 4 kypey, rpyni __ 417
crieiajibHOCT1

126 Indhopmauivni cucmemu ma mexmono2ii

(nasBa cneliansHocTi)

Baciiwes Braoucnae €szetinitiosuy

(NPI3BHLILC Ta IHILIANH)

Kepisuuk _ d.m.n., douy., banroscsx C. B.

(HAYKOBMIT CTYIIHB, BYEHE 3BAHNA, IPIIBHIE Ta IHIIAIH)

o 3axucTy gonmymeno:
IIporokoa 3acinannst kadgeapu Ne jf?
sin, 15> wepbrg 2023 p.

v .

3aB. Kades noit. bopua M. J1.
PRLVTY I

Uepnismi — 2023



PELIEH3ISI
HA BAKAJIABPCBKY POBOTY

Crynenra BacineeBa Bianucnasa €preniioBuya
HaByanpHo-HayKOBMI IHCTUTYT __ (i3MKO-TEXHIYHUX Ta KOMII FOTEPHHUX HAYK
Kadenpa iH(pOpMaLliHHUX TEXHOJIOTi# Ta KOMI IOTEPHOI (hi3UKH

YepHiBeLbKOro HalliOHAIBHOTO YHiBepcuTeTy iMeHi IOpist PenpkoBrua

Ha Temy: _ [nchopmayiuna cucmema ons nobyoosu mpusumipnux mooeneu ob 'exmis
Memodom homozpammempii

AKTYa/IbHICTh TeMH ___NOACHIOEMbCA _ NPAKMUYHOIO _nompeboio Y cmeOopeHHi
cucmem, axi 6 oaeanu pekomenoayii npu nobyoosi mpusumiprnux mooeneu 06 exmie
memooom homozpammempii

IIpakTHYHE 3HAYEHHS _ompumaHnux y pobomi pezynbmamie NONA2ac 8 momy, wo
3a60aKU_po3pobieniu iHpopmayituniy cucmemi KOPUCMY8ayi MOXCYmMb OMPUMYBaAMU
pexomenoayii no nobyooei mpueumiprux moodenei memodom gomozpammempii, wo
00360114€ RIOBUWUMU AKICMb OMPUMAHUX MoOenel

CrpykTypa Ta 3MicT po6oTH _poboma ckradacmeca 3 3-x posdinie. Y nepuwiomy
PO30iNi NPOBEOEHO CUCMeMHUYU ananiz npeomemuoi obnacmi — cucmem Ons nobyoosu
MPUBUMIDHUX Modenel 06 €kmis, 8UKOHAHO NOCMAaHO8KY 3adadi. Y Opyzomy po3oini
po321AHYmMO _hnobyoosy mpusumiprux mooeneti o6 ’‘ekmie vy npozpami 3DF Zephyr.
nooano _inghopmayilo npo exioni_ma_euxioni oami npospamu. Y mpemvomy po3oini
ONUCAHO NPOo2pamHy peanizayiro inghopmayitinoi cucmemu, pozpobrero b6azy caxmie ma
npAaswi eKCNepMmHOiL cucmemu, NPoeeodeHo mecmyearHsa po3pobrenoi cucmemu

3ayBaseHHsl _ 00 Hedonikie pobomu cnid eioHecmu OKpemi 2pamamuyni ROMUIKY

Ouinka Yy pe3ynbmami  B8UKOHAHHA __OAaKanaepcvkoi pobomu  cmyodeHm
Bacinvee B.€. _3aceoie npunyunu _comozpammempii, cmeopue npayezdamuy
inghopmayiuny cucmemy 0ns nobyooeu mpusumipnux mooeneii o6 ’exmie. Beajcaio,
wo 3aedanns_bakanaspcvkoi pobomu Bacinves B.€. suxonae i 3acny2o8ye oyiHku
. 8IOMIHHO” _ma npuceoeHnns keanighikayii baxanaepa 3i cneyianvnocmi 126
Ingopmayivni cucmemu ma mexuonozii.

Penensenr
IT xommnanis Infologic Inc.

Texniunui qupexkTop ,ﬁ’f/
Poros Poman




() UNICHECK

by Turnitin
IM's KopucTyBava: ID nepesipku:
Kadenpa indopmauiftnux rexHonoriin Ta KoMmn (hizuku 1015661413
Nata nepesipku: Tun nepesipku:
20.06.2023 22:16:09 EEST Doc vs Internet + Library + DB
Darva 3BiTy: ID kepucTyBava:
20.06.2023 22:16:34 EEST 36471

Haszsa mokymenTa: Bacinses

Kinekicrs cvopivok: 17 KinekicTs cnie: 6605 Kinbkicrs cumponis: 55243 Po3amip caiiny: 85.74 KB 1D chasiny: 1015306312

Haubinsiwa cxoxicts: 5.36% 3 InrepHer-goxkepenom thttpi//arr.chnu.edu.ua/jspui/bitstream/123456785/85%/1/%d0%5a%d0%

CTopinka 12

He snanipneHo poxepen 3 bibnioTeku

2.97% Uurar

Buny4eHHs cnucky BibniorpadgivHux nocunate BUMKHEHe

2.83%
Buny4deHsb

Deaki npxepena BUAYHEHO aBTOMaTHYHO (hinsTpK BuAYHeHHs KinsKICTL 3HAMDEHUX cniB € MeHW oW 3a 12 cnis Ta 2%)

(}.36%B|nnyqeuun3IH'repHe‘ry n Cropinka 21
n ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Cropinka 21

4?%'-.Bugqueggorn Tekcry 3 BibnioTekn




MiHicTepCcTBO OCBITH | HAYKH YKpaiHu
YepuiBeubKknii HAIOHAJBLHUI YHiBepCHUTET

imeni IOpis ®eapbkoBrua

HaBuyajipHO-HAYVKOBUH IHCTUTYT (DI3MKO-TEXHIYHUX Ta KOMIT FOTEPHUX HAVK

(moBHa Ha3Ba iHCTHTYTY/(aKyJbTETY)

Kadenpa indbopMamiiiHuX TEXHOJIOTIA Ta KOMIT IOTEPHOI (hi3UKHU

(moBHa Ha3Ba Kadeapu)

Indgopmaniiina cucrema Jid m00y10BH TPUBUMIPHUX MOJeJIeil

00’ekTiB MeTOA0M poTOrpammeTpii

KgBauaigikaniitna podora

PiBenb BUIIIOT OCBiTH - epimii (DakaJaBpChLKHUiA)

Bukonas:
CTyIeHT 4 kypcy, rpynu _ 417
CIICIIaJIBHOCTI

126 Indhopmayinini cucmemu ma mexnono2ii

(Ha3Ba cIeiaIbHOCT)

Bacinves Braoucnas €sgeeninitioguy

(mpi3BHIIe Ta iHiIiamm)

KepiBHuK _ 0.m.H., douy., banoscak C. B.

(HayKOBHI1 CTYIIiHb, BUCHE 3BaHHS, IIPi3BHILE Ta IHIITiaIIH)

J10 3aXMCTy IONYIIEHO:

IIporoxou 3acinanns kagenpn Ne
BiT ., ” 2023 p.

3aB. kadenpu not. bopua M. /1.

YepHisii — 2023



MIHICTEPCTBO OCBITU I HAYKU YKPAITHU
YEPHIBELIbKUI HAIIIOHAJIbHWI YHIBEPCUTET
IMEHI IOPISI ®EJIbKOBHUYA

HaByanbHO-HayKOBUH THCTUTYT (P13UKO-TEXHIYHUX Ta KOMIT IOTEPHUX HAYK

Kadenpa inpopmariiiHux TEXHOJIOTIH Ta KOMIT IOTEPHOT (Pi3UKH

3ATBEP/KYIO

3aBigyBau kadenpu
JOK. (b13.-MaT. HAyK, JOII.
M. 1. bopua
o 2023 p.

Indopmaniiina cucrema 1 o0y 10BU TPUBUMIPHUX Mojiesiei

00’ekTiB MeTO0M hpoTOrpamMmMeTpii

JINCT 3ATBEPJDKEHHSA

Y3ITOAKEHO
KepiBauk podotu
JIOKT. TEXH. HAyK, IOIEHT

C.B. banoscsk
“«oor 2023 p.

BuxkoHnagenp

CTYIEHT 4-T0 KypCy

B. €. Bacinnes

“« 7 2023 p.

2023



3ABJJAHHA
HA BAKAJABPCBKY POBOTY CTYJAEHTY

Bacinvesy Braoucnasy €sgeenitiosuuy

(mpi3Buie, iM’s1, M0 6aTHKOBI)
1. Tema mpoekry (pobotu) _ Inghopmauitina cucmema 0as no6y008u MmpugimMipHux
Mooenell 06’ ekmig Memoodom gpomozpammempii
KepiBHUK pobotu _banoscak Cepeiti Bacunvbosuu, dokm. mexu. nayk, doyenm :

( mpi3BuIe, iM’s1, IO GATHKOBI, HAYKOBHUH CTYIIiHb, BUCHE 3BAHHS)

3aTBEP/’KEHA HAKa30M BHUIIIOTO0 HABYAJIHHOTO 3aKyiany Bix “_ ~ 202_ poky Ne

2. CTpOK MOJaHHs CTYICHTOM MPOEKTY (POOOTH) 2023 p.

3. Buxigni gaHi 10 npoekty (pobotu) Mema pobomu — cmeopumu in@opmayitiny
cucmemy npaesui_ons_cmeopernts 3D 06 ekmie memooom _omocpammempii. Ilo-
emanuo _eusyumu_cmeopennsi 3D mooeneil, 3iopamu_00csio vy 6u2isnidi_gaxmis,
00 ’econamu_ix _nocikoro _npasun. Cmeopumu_pekomeHoauii 000 noxpauienis
Mooeni_ma_nonecutenns _ii_cmeopennsn. Cmeopumu_npocpamy, AKa_6uoasamume
pekomenoayii y 8i0nosiob Ha yeeoeni haxmit.

4. 3MICT pO3paxyHKOBO-TIOSICHIOBAJIBHOI 3aMUCKU (TIEPEIIK MUTaHb, sIKI MOTPIOHO
pO3pOOUTH)

1) nopisuamu icnyoui memoou pobomu 3 MPUSUMIDHUMU MOOEAIMU

2) docaioumu memoo homozspammempii WIgXoM CIMEOPEH s 8l1ACHUX MOOeaell

3) onucamu 6ci no3umueHi ma He2amueHi haKmopu, Wo SNAUHYIU HA 00CIIOU

4) cmeopumu_cucmemy npasun Ha 6a3i OMPUMAHUX HaKmie

5) emeopumu npocpamy ma docaioumu epexmugnicme ii pobomu

5. Ilepenik rpadiyHoro marepiany
1) Ckpinwomu pobomu i3 00CHiOAHCYBAHUMU MPUBUMIDHUMU 00 '€Kmamu
2) Ckpinwomu pobomu excnepmuoi cucmemu_y CLIP

Cryaenrt Bacinves B.€.
(mignuc) (npi3BuILe Ta iHiIiaMN)
KepiBuuk npoekty (po6oTn) banoscax C.B.

(mimmmc) (mpi3BHIIe Ta iHiIiaIN)



AHOTAIIA

Ksamnidikarmiitna poOota BukoHaHa cTyiaeHTOM TIpynu 417 BacinbeBum
BnanucnaBom €preniiioBuueM. Tema «IHdopmariiina cucrema it moOya0oBU
TPUBUMIPHUX Mojene MmeroaoMm ¢dortorpammerpiin. Poborta HampaBieHa Ha
3M00YTTS CTymHeHs OakanaBp 3a cremianbHicTIO 126 «lHdopmariiiiHi cucteMu Ta
TEXHOJIOT1i».

MerToro kBamidikaiiiHoi poOOTH € CTBOPEHHs Ta po3podka iHpopMaIiiHOT
CHUCTeMH, sIKa HaJaBaTUME DPEKOMEHMAIll A 3amoOiraHHs HIMPOKOTO CHEKTPY
npo6iem npu ctBopeHHi 3D mogneneit. O6’€KTOM JOCIIKEHHS € TIpoliec poOoTH 13
TPUBUMIPHUMU OO ’€KTaMH METOAOM (OTOrpamMMeTpii Ta BCl (aKTOpH, SKI Ha
HBOTO BIUIMBAIOTh. Y pe3yjIbTaTi BUKOHAHHS KBaji(ikaiiiHoi poOOTH pO3pOoOICeHO
iH(poOpMaIlliiHy CcHCTeMY, SKa BHJA€E PEKOMEHJalli [MoA0 POOOTH METOI0M
dbororpammetpii. IlporpamnHa peainizaiisi CUCTEMH BHUKOHAHAa Yy CEpPEIOBHIII
CLIPSIDE 6.3. OG’exktH AOCHIDKEHh OTpHMaHI 3a JIONOMOIor mporpamu 3D
Zephyr.

bakanaBpchka poO0oTa MICTUTB: KIJIBKICTh CTOPIHOK — 85, pUCYHKIB — 63,
no1aTkiB — 1, BUKOpUCTaHuX JKepen — 12.

KurouoBi cjioBa: iHpopMaliiiHa cucteMa, TPUBUMIPHHUI 00’ €KT, eKcrepTHa
npasui, CLIPS, doTorpammerpis.

PoGoTta MicTHTH pe3ynbTaTd BIACHHUX JOCTIIKE€Hb. BUKOPHCTaHHSA YyXKUX

171e¥, pe3yybTaTiB 1 TEKCTIB MAlOTh MMOCUJIAHHS HA BIAMOBIIHE HKEPEIO.



ABSTRACT

The qualifying work was completed by a student of group 417 Vasiliev
Vladyslav Evgeniyovych. Topic "Information system for building three-
dimensional models by photogrammetry”. The work is aimed at obtaining a
bachelor's degree in specialty 126 "Information systems and technologies".

The purpose of the qualification work is to create and develop an
information system that will provide recommendations for preventing a wide range
of problems when creating 3D models. The object of research is the process of
working with three-dimensional objects by the photogrammetry method and all the
factors that affect it. As a result of the qualification work, an information system
was developed, which issues recommendations for work using the photogrammetry
method. The software implementation of the system is made in the CLIPSIDE 6.3
environment. Research objects are obtained using the 3D Zephyr program.

The bachelor thesis contains: number of pages — 84, figures — 63, appendices
— 1, used sources — 12,

Keywords: information system, three-dimensional object, expert system,
CLIPS, photogrammetry.

The work contains the results of own research. The use of other people's

ideas, results and texts are linked to the appropriate source.
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Ilepenik yMOBHUX MO3HAYEHD

CIIP — cucteMa npaBwil Ta peKOMEHAITIH.



BCTYII

Meta naHoi OakamaBpChbKOi poOOTH MOJIATae y CTBOPEHHI iHGOpMaIiifHO1
cUCTeMHU i1 TOOyIOBHM  TPUBUMIPHHX  MoOJeneld  OO0'€KTIB  METOJIOM
dboTorpammeTpii. s mboro Bukopuctadi BiacHi 3D Mozeni, oTpuMaHi Ha OCHOBI
300pakeHb Ta CTBOPEHI 3a JOMOMOIOI0 MporpaMHoro 3abesneueHHs 3D Zephyr.
s 3abe3nedyeHHs ePeKTUBHOI POOOTH 3 OTPUMAaHUMHU MOJEISIMHU 3aCTOCOBAHO
cucTteMy pekomeHpariii, 3acHoBany Ha CLIPS 6.3 - MoBiI mporpamyBaHHS Ta
CepeZIOBHILI JJI1 PO3POOKH €KCIIEPTHUX CUCTEM.

AKTyaJpHICTh CTBOPEHHS TPUBHUMIPHUX MOJENE udepe3 (hoTorpamMmerpiro
BUSBISIETHCS 'y Oaratbox Tranmy3sx. Hanpuxman, y cdepi apxiTektypu Ta
OyJIBHUIITBA TPUBHMIPHE MOJICJIIIOBAHHS MOXE JOMOMOITH apXITEKTOpaMm Ta
nu3aifHepaM Yy Bi3yani3aiii MpOEeKTIB, IUTAHYBaHHI MPOCTOPY Ta aHami3l
KOHCTPYKIH. B iH)eHepii TpUBUMIpHE MOJEIIOBAHHS MOXE OYTH BUKOPUCTAHE
JUIL pO3pOOKM Ta ONTHUMI3AIll CKIAQAHUX MEXaHI3MIB Ta cucteMm. Y reorpadii
TPUBUMIPHI MOJIE1 MOXKYTh OyTH BUKOPUCTAHI JIJIsi CTBOPEHHS JIETaIbHUX KapT Ta
BIPTyaJIbHUX TYPUCTHUYHUX MapuIpyTiB. B MeIULIMHI TPUBHUMIPHE MOJEIIOBAHHS
MOkKe OyTH BHKOPHUCTaHE JUIsl TUIAHYBAaHHS XIPYPTiUHUX BTPY4YaHb Ta CTBOPEHHS
MPOTE3IB.

[locTtanoBka 3amaui ainsa OakanaBpcbkoi poOOTHM mepeadavae HACTYMHHI
KPOKHU:

e 30ip nanux. 3i0patu HaOip Qororpadiii 00'eKkTiB, IS AKUX HEOOXITHO
CTBOPUTH TPUBUMIPHI MOJIEIII.

e OO6poOka d¢otorpadiii. BukopuctoByroun mporpamae 3ade3mnedenHs 3D
Zephyr, 06pobuTH dotorpadii Ta OTpUMATH TOYATKOBY TPUBUMIPHY MOJIENb.

e OnTumizaiiss Mojeni. BukoHaTH oNTUMIZAlID OTPUMAHOI MOJEIl IS
MOJTINIIEHHS 11 TOYHOCTI.

e Pospobka indopmariitnoi cucremu. CTBopuTH 1HGOPMAIIIHY CHCTEMY, fKa
J03BOJISIE  KOPUCTYBayaM B3a€EMOJIATA 3 TPUBUMIPHMMH MOJEISIMHU Ta

OTPUMYBATH NOTPIOHY 1H(POPMAIIiIO TPO 00'€KTH.
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e Po3poOka cuctemu pexkomenaauiii. 3actocyBatu CLIPS 6.3 mnst ctBopeHHS
CHUCTEeMH PEKOMEHJIAIli}, sIKa JOMoMarae KOpucTyBauyaM BUOHPATH ONTHUMANbHI
napaMeTpu 0OpoOKH Ta aHaII3y TPUBUMIPHUX MOJICIICH.

e TecryBanHs Ta orminka. [IpoBecTu TecTyBaHHS pPO3pPOOICHOI CHCTEMH 3
BUKOPHUCTAHHSAM PI3HUX OO0'€KTIB Ta TMOPIBHATH pE3yJIbTaTH 3 BIJOMHMH
MeTojaMu potorpammeTpii.

e Amnami3z pesynbTariB. IlpoaHamizyBat OTpHUMaHi pe3yJbTaTH Ta 3pOOUTH

BHCHOBKH 11010 €(PEKTUBHOCTI Ta PHUIATHOCTI pO3pOOIEHOT CUCTEMH.

3a pgomomMororw mporpamHoro 3abesnedeHHss 3D Zephyr oTpumani
TPUBUMIPHI MojeNll 00'ekTIB HuIsixoM o00poOku ¢otorpadiit. 3D Zephyr €
MOTYXHUM 1HCTPYMEHTOM JIJII PEKOHCTPYKIlli TPUBUMIPHUX MOJENICH Ta Mae€ psil
GyHKINA 1S TOJIMIIEHHS SIKOCTI Mojene. BUKopHUCTOBYIOUM 1€ MpOrpamMHe
3a0€3MeUeHHs, MOXHa €(QEeKTHUBHO CTBOPIOBATH TPUBUMIPHI MOJENl s
1H(}OopMaIIiHOT CUCTEMU.

Jns peamizauii cucremMu pexomenaamiii Bukopucrano CLIPS 6.3 - moBy
porpaMyBaHHs Ta cepefoBulle Juisl po3poOku excriepTHux cucrteM. CLIPS nHanae
MOTYXHI MOMJIMBOCTI JIJIsl PO3POOKHU JIOTTYHUX TIPABWII Ta IHTEPIIPETAIlii 3HAHb, 110
JI03BOJISIE CTBOPUTU CUCTEMY PEKOMEHJalll, saKka 3a0e3reuye onTUMaibHUi BUOIp
napameTpiB OOpOOKH Ta aHaJi3y TPUBUMIPHUX MOJIEIICH.

O6’exToM JocihipkeHHsT € 1H(dopMaliiiHa cuctemMa s MOOYIO0BH
TPUBUMIPHUX MOJIeNIel 00'€KTIB.

[IpeameToM  NOCHIIKEHHS € €KCIepTHAa CcucTeMa il ToOyI0BH

TPUBUMIPHUX MOJIEJIeH 00'€KTiB MeTO0M (hOTOTPaMMETPIi.
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PO3a1JI 1
3ATAJIBHI HOJIOKEHHSA

1.1 Anaji3z MmeTH PYHKIiIOHYBAaHHSI CUCTEMH

Mertoro iH(DOpMaIliiHOT CUCTEMU € HAJaHHS JOMOMOTH ISl OLTBIIT TOYHOTO
Ta sikicHoro ctBopeHHs 3D-mopeneit. I[IpenmerHoro oGmnacTio 1HGOpPMAaIIHHOT
CUCTeMHM € TakKi Tally3l, sIK apXITeKTypa, CTBOPECHHS IHTEp €PIB EKCTep €PIB
(BizyasibHe odopMIIeHHS), OyIIBHUILITBO, 1H)XKEHEpHE MpoeKTyBaHHs, 3D-apyk Ta
psan 1HmMMUX. TpUBUMIpHE MOJETIOBAHHS Ma€ NyXe IIHUPOKE 3aCTOCYBaHHSA, TOMY
CIIP, mpaBwiia y sikiii CTBOpeHi 6e3mocepeIHb0 Ha AOCBiAl po3pobku 3D-MomeneH,
MO>KE CTaTH HEMOTaHWM JOJIaTKOM, IO MPUCKOPUTH POOOTY 1 MOMIMIIUTH SKICTh
MPOJIYKTIB B 111 Taiys3i.

IcHye Oarato MeTOHIB Ta mporpaMm sl NPOEKTYBaHHS TPUBHUMIPHUX
00’exTiB. HE0OX11HO PO3IIIIHYTH T€, 110 B’)KE€ BUKOPUCTOBYETHCS HA CHOTOAHITIHIHI

JCHB.

1.2 Icnyroui MeToau ctBopeHHst 3D Mogesiei

1.2.1 Jlazepue ckanyBanHs (Laser Scanning)

JlazepHe CKkaHyBaHHS € METOJIOM, 110 BUKOPHCTOBYE MPUHLIMUIT PO3CISTHHS
Ja3epHOTO TMPOMIHIO NIl OTPUMAaHHS TOYHMX TPUBHMIPDHHX JlaHUX 00'ekTa. Y
Ipoliecl CKaHYBAaHHS JIA3€pHUN MPOMIHb MOCHIIAE€THCS HA TOBEPXHIO 00'€KTa, a
BIIONTE CBITIIO PEECTPYETHCA JIETEKTOPOM. 3a JOTIOMOTOK TPEIHU31MHUX
BUMIpPIOBaHb KYTIB Ta BIJICTAaHEW Jla3epHa CHUCTEMa 37aTHa CTBOPIOBATU TOYKOBI
XMapH JaHUX, 1110 MPEJCTaBIISIIOTh TeOMETPUUYHY 1H(OpPMaILIiI0 PO 00'€KT.

JlazepHe ckaHyBaHHS 3HAXOJUTh IIMPOKE 3aCTOCYBAHHS y PI3HUX ramys3sXx,
TaKuX K apxiTeKTypa, OyJAiBHUIITBO, MPOMHUCIOBICTh, MEUIIMHA Ta apXeoJjorisi. B
apxiTekTypi 1 OyAIBHUITBI Ja3epHE CKaHYBaHHA BHUKOPUCTOBYETHCS IS
CTBOPEHHsI TOYHUX MoJeliell OyaiBenb Ta JaHAmMAa]TIB, KOHTPOJI SIKOCTI Ta
BUMIPIOBAHHS pO3MIpiB. Y TPOMHCIOBOCTI LEH METOJ| 3aCTOCOBYETHCS IS

IHCIIEKIIII CKJIATHUX JeTajed, KOHTPOJIO SKOCTI Ta BHPIIMICHHS 1HXCHEPHHUX
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3aBMaHb. B MemummHI Ta apxeoJyiorii, Ja3epHe CKaHyBaHHS JOTOMAarae
BIITBOPIOBATH aHATOMIUHI CTPYKTYpH Tia abo apTepakT 3 BUCOKOIO TOUHICTIO.
OnHie€ro 3 TepeBar JIa3epHOro CKaHyBaHHS € BUCOKA TOYHICTD Ta JIeTalli3allis
oTpuMaHuX JnaHuXx. Lleil MeTon 103BOJIsIE OTPUMYBATH TOYHI TPUBUMIPHI MOJETI 3
BHCOKOIO PO3JITIBHOIO 3/1aTHICTIO. KpiM Toro, nma3zepHe CKaHYBaHHS € MIBHIKUAM 1
HaJIHHUM MeToJ0M 300py nanux. OJHaK, BiH Ma€ CBOi OOMEXEHHS, 30KpeMma,
BHUCOKa BapTICTh OOJaJHAHHA Ta CKJIAIHICTE OOpOOKH BEIMKOTO OOCATY

OTPUMAHHUX NAaHUX.

1.2.2 CtpykrypoBase cBit/10 (Structured Light)

CTpyKkTypoBaHe€ CBITJIO € METOJOM, III0 BHUKOPHCTOBYE IIPOEKIIIO
CTPYKTYPOBAHOTO CBITJIOBOTO MAaJIFOHKA Ha O0'€KT IJii OTPUMAHHS TPUBUMIPHOI
iHdopmarii npo #oro dopmy Ta reomerpiro. [lpuHiun mnosisirae y Tomy, IO
CTPYKTYPOBaHMIl CBITJIOBUHM IIaOJIOH MPOEKTYEThCS Ha 00'€KT, a Kamepa (ikcye
HOro CcrHoTBOpeHHs 4Yepe3 nedopmaniio Ha MOBEpPXHI 00'ekTa. 3a JOMOMOTOIO
aHai3y 3MIH Yy CTPYKTYpl MpPOEKI[i MOKHAa BIJHOBUTH TPUBHUMIPHY MO/IENb
o0'ekTa.

CTpyKTypoBaHE€ CBITJIO IIUPOKO BHKOPHUCTOBYEThCS y cdepi 3D
MOJICJIIOBAHHS, 30KpeMa B pOOOTOTEXHIIIl, BIPTyalIbHIN pealbHOCTI, KOMITFOTEPHIM
rpadgiui Ta MeAuluHI. Y poOOTOTEXHIl Iied MeToa Jornomarae podoTam
OTpUMYBATH 1H(OpPMAIlII0O MPO HABKOJMIIHE CEPEJAOBHUINE Ta OO0'€KTH IS
TJIaHYBaHHS PyXy Ta YHHUKHEHHS TEpemKkoi. BiH TakoX BUKOPUCTOBYETHCS IS
CTBOPCHHSI IHTEPAKTUBHUX BIPTYyaIbHUX CEPEIOBUII, MOJICIIOBAHHS MTOBEPXOHb Y
KOMIT'FOTEpHIH rpadiill Ta Bizyasizaiii MeAUYHUX 300pa’KeHb.

[lepeBaramu CTpyKTYpOBAHOIO CBITJIa € BHCOKa HIBUJKICTh 300py MaHMX,
MOKJIMBICTh POOOTHM 3 PI3HMMH MarepiajJjaMd Ta JIOCTaTHRO BHCOKA TOYHICTh
BuMiproBaHHsA. KpiMm Toro, BiH € BITHOCHO IPOCTUM Yy BUKOPUCTAHHI Ta HE BUMAarae
nopororo obOmaaHaHHs. OJHaK, METOJI Ma€ CBOi OOMEXEHHs, Taki SIK BILIUB
30BHILUTHBOTO OCBITJICHHS HA TOYHICTh PE3YJIbTaTIB Ta OOMEXKEHHSI BAKOPUCTAHHS Y

BCIIMKUX IIPOCTOpPAx.
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1.2.3 ®ororpammerpist (Photogrammetry)

dotorpamMMmeTpis - 1€ METOJ, OTPUMAaHHS TPUBUMIPHUX MOJeENeil 3a
nornoMororo ¢otorpadiit. [lpuammn GpororpamMmeTpii moisrae B aHasizi 300pakeHb
3 PI3HUX PaKypciB JJisi BU3HAUCHHS Te€OMETPUYHHUX IapaMeTpiB 00'ekTa 1 HOro
MTOBEPXHI.

[Ipouec orpumanns 3D moxeneit 3a 1omoMorow GororpaMmeTpii BKIIOUAE
Kibka KpokiB. Criouatky 3HIMarThes ¢oTorpadii 00'ekTa 3 PI3HHX paKypciB.
[ToTiM 3aCTOCOBYIOTHCS aITOPUTMH OOpPOOKH 300paKeHb, SKi aHATI3YIOTh CHUTBHI
TOYKM Ha (ororpadisx Ta BIJHOBIIOIOTH I'€OMETpUYHI mapamerpu o0'ekra. Ha
OCHOBI IIMX JAQHUX CTBOPIOETHCA TOUKOBAa XMapa, SIKa IMOTIM KOHBEPTYETbCA Yy
MOBEPXHEBY MEPEKY Ta TEKCTYpH JJII OTPUMAHHS TPUBUMIPHOT MOJIETII.

doTorpaMMeTpisi 3aCTOCOBYETbCS Yy pI3HUX Taily3sax. B apxitektypi Ta
OyJIBHUIITBI BOHA BUKOPUCTOBYETHCS JJII CTBOPEHHSI TOUHMX MOJeEINel OyiBeb,
naM'aTok  apxiTektypu Ta JaHamadTie. Y reorpadii Ta  KapTtorpadii
(doTtorpaMmeTpisi BUKOPUCTOBYETHCS JJIi CTBOPEHHA LU(QPOBUX MoOJEJeH
MICLIEBOCTI Ta KapT. B meauiuni (poTorpaMMeTpisi 3aCTOCOBYETHCA I CTBOPEHHS
TPUBUMIPHUX MOJIEJIEH aHATOMIYHUX CTPYKTYpP JJISl IIaTHOCTHKU Ta TJIaHyBaHHS
XIpYpTi4HUX BTPY4YaHb.

IlepeBaru ¢ororpamMmeTpii MOJATAIOTH y BUCOKIA TOYHOCTI OTPUMAHHX
MoJieJIeH, MUPOKUX MOKIMBOCTSAX 3aCTOCYBAHHS Ta BIJIHOCHO HU3bKHUX BapTOCTAX
NOPIBHAHO 3 IHIIMMHU MeTtogamMu  oTpumanHs 3D  wmogmeneit.  OpHak,
dboTorpamMmeTpisi TaKOK Mae CBOi oOMexeHHs. BoHa BHMarae BHCOKOSIKICHUX
doTorpadiii 3 pI3HUX PAKypCIB Ta ONTUMAJBLHUX YMOB OCBITJICHHS. Takox
o0poOKka BenuKoi KUIbKOCTI (ororpadiii Moke OyTH yaco- Ta PECypCOEMHOIO

3a4a4CH0.

1.2.4 Pyune moaemoBanns (Manual Modeling)
PydyHe wMopnenioBaHHS € TMPOLIECOM CTBOPEHHS TPHUBUMIPHUX MOJeNeH

00'€KTIB IUISAXOM MPSMOTrO BTPYYaHHS XYJIOXKHHMKA abo auzaiiHepa. Y UbOMY
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METO/I1 MOJIEIh CTBOPIOETHCS IIISTXOM JIETATHHOTO po3pobieHHsT hopmu, neraneit
Ta TEKCTYpP 3 BUKOPUCTAHHSIM PI3HOMaHITHUX 1HCTPYMEHTIB 3D-Mo/ienoBaHHs.

Pydne MopemtoBaHHS 3HAaXOIUTh 3aCTOCYBAaHHS B PI3HUX MPaKTUIHHUX
CUTYyaIlisiX, 30KpeMa B apXITEeKTypi, MalIMHOOYyIyBaHHI, IrpoOBiil 1HAYCTpii Ta
Bi3yalbHUX edeKTax. Y apXiTeKTypi pydHE MOJICITIOBAHHS BUKOPUCTOBYETHCS IS
CTBOPEHHS JeTaJbHUX MOjenei OyaiBenb Ta jJaHamadTiB. Y MalImHOOYTyBaHHI
el METOJI 3aCTOCOBYETHCS ISl MPOEKTYBAHHS aBTOMOOLUTIB, JIITaKiB Ta 1HIIHAX
TPaHCHOPTHUX 3aco0iB. Y Tally3l BIJEOIrOp Ta Bi3yalbHUX €(EKTIB py4yHE
MOJICITIOBAHHS BUKOPHUCTOBYETHCS [JII CTBOPCHHS TIEPCOHAXIB, OO0'€KTIB Ta
JeTalieil 0TOUyI0YOTO CepeIOBHIIA.

Pyune MopentoBaHHSI Ma€ CBOI IepeBard, 30KpeMa MOBHUI KpeaTHBHUIM
KOHTPOJIb HaJ TMPOLIECOM CTBOPEHHS MOJEIe Ta MOXJIHUBICTh JETAIBHOTO
popoOJIeHHsT KOKHOI YacTUHU 00'ekTa. KpiM TOro, BOHO JI03BOJISIE XY 0KHUKAM
BUPA3UTH CBOIO YHIK&JIbHY TBOPYICTh Ta CTWIb y poboTi. OpHak, pydHe
MOJICTIIOBaHHSI MO)XK€ OyTH 4Yaco- Ta PECypCOEMHUM IPOILIECOM, OCOOIUBO st

CKIaJHHUX Ta IICTaJIiBOBaHI/IX MOIIGJIGI\;I.

1.3 Orasin mporpamMHoro 3a6e3nedeHHs s 3D Mo/ie1l0BaHHA

1.3.1 Autodesk Maya

Autodesk Maya € omHMM 3 MPOBIIHHMX MPOrpaMHHUX 3aco0iB st 3D
MOJICJIIOBaHHS, aHIMaili Ta BidyalbHuX edexTiB. Bona Hamae mumpokuit HaOip
GyHKUIA 1 MOMXJIMBOCTEM JJIi CTBOPEHHS CKJIAAHUX TPUBUMIPHUX MOJEIEH,
aHiMaIlii mepcoHaxiB, cuMyJslii Gi3nuHux edekTiB Ta Oararo inmoro. Autodesk
Maya mHpoKo BUKOPUCTOBYETHCS Yy TaTy31 KIHOIHIYCTpii, BIZICOIrop, Tere0aueHHs
Ta apXITEeKTYPHOTO AU3alHY.

[lepeBaramu Autodesk Maya € HOro mOTYXHICTb, THYYKICTh Ta
po3muproBaHicTh. [Iporpama miaTpumMye MmMUPOKUd ciekTp dopmatiB (aitiis, 1110
J03BOJISIE 3pYYHO OOMIHIOBATHUCS JAHUMH 3 1HIIMMH nporpamaMu. OpHak, yepes
BEIIUKY KUIBKICTh (DYHKIIIN Ta CKIAIHICTH 1HTepdelcy, BUBUYEHHS Ta BOJIOIIHHS

Autodesk Maya MOXyTh BUMarat IeBHOI'O 4acy Ta JOCBIIY.
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1.3.2 Blender

Blender € Binkputoro mnporpamoro s 3D MojentoBaHHs, aHIMaIlli Ta
Bi3yanizalii, mo Hajae OE3KOIITOBHI Ta MOTYKHI IHCTPYMEHTH MAJisi CTBOPECHHS
TPUBUMIPHUX MoJeneli. BoHa Bkitoyae pi3HOMaHITHI (QYyHKINI, Taki SK
MOJICTIIOBAaHHs, TEKCTypyBaHHS, aHIMaIlis, peHACPUHT Ta Kommo3uTuHr. Blender
IIMPOKO BUKOPUCTOBYETHCS B Taily3l BII€OITOp, Bi3yadbHUX €(EKTIB, apXiTEKTypH
Ta aHiMmari.

Blender mae 6arato mepeBar, 30kpeMa HOro OE3KOIMITOBHICTh Ta BIAKPUTHMA
KO/, 1[0 pOOUTH WOTO JOCTYIHUM JJIsl IIMPOKOTO KoJjia KopucTyBadiB. [Iporpama
TaKO)X Ma€ aKTUBHY CHUIBHOTY KOPUCTYBauiB, sIKa IOCTIMHO pO3BUBAa€ HOBI
¢ynkuii Tta posmupeHHs. He3Baxarounm Ha 1e, Blender Moxe wmatu gesky
CKJIQJHICTh HaBYaHHS JJII HOBAayKiB Ta BUMAaraTh OLIbIIE 4Yacy JJsi JOCSTHEHHS

npodeciitHoro piBHs.

1.3.3 3ds Max

3ds Max € TDomyJaspHUM MpOrpaMHUM 3a0e3nedeHHsaM it 3D
MOJICNIIOBAHHS, aHiMalli Ta Bi3yaibHuX edekrtiB. [Iporpama Hamae mmpoKui
CHEKTP IHCTPYMEHTIB Il CTBOPEHHS CKJIAHUX TPUBUMIPHUX MOJENEH, aHIMaIlii
MepcoHaxiB, cUMYJsLii QizuuHux edekTiB Ta 6arato iHmoro. 3ds Max mupoko
BUKOPUCTOBYEThCSI y Tamy3i rpadiyHOTO AW3aiiHy, apXiTEKTypH, BiJ€Oirop Ta
BI3yaJIbHUX €(EKTIB.

3ds Max mae nmotyxHi (QyHKIIIT MOJIETIOBaHHS, aHIMAIIT Ta PEHICPUHTY, IO
JT03BOJISIE CTBOPIOBATU PEATICTUYHI TPUBUMIPHI CIIEHH Ta BiI3yajbHI E(EKTH.
[Iporpama Takoxx MATPUMYE MIUPOKUN cHeKTp GopMaTiB (aiiiB, MO MOJETIIYE
cmiBmpaio 3 iHmmMH mporpamamu. Opnak, 3ds Max moxke OyTd mOporum
MpPOrpaMHUM 3a0€3MEUEHHSAM, a TaK0XX BHMAarath BEJIUKHX OOUYMCIIOBAIEHUX

pecypciB 11t poOOTH 3 BEIMKUMH Ta CKJIATHUMH CIICHAMH.
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1.3.4 Orasia cucremu 3D Zephyr

3D Zephyr € mnporpamMHMM 3a0e3lMeUeHHSAM A (POTOrpaMMETpii, sKe
JIO3BOJIIE CTBOPIOBATH TPUBUMIpHI Mojeni 3 ¢ororpadiid. Ils mporpama mae
MIMPOKUH HaOlp QyHKIIM Ta IHCTPYMEHTIB, 110 MOJETIIYIOTh MPOILEC OTPUMAHHS
3D mogaeneit Ta iX nmoganbinry 00pooKy.

3D Zephyr Hajtae MOXKIIUBICT IMIOPTYBaTH (oTorpadii 3 pi3HUX JKEpes Ta
BUKOPHUCTOBYBATH iX JJisi CTBOPEHHS TOYKOBUX XMap Ta TPUBUMIPHUX MOJIEICH.
[Iporpama BHUKOPHUCTOBYE MOTY>KHI aIrOPUTMH (POTOTpaMMETpii, SIKI JT03BOJISIOTH
TOYHO BU3HAYATH T€OMETPUYHI MTapamMeTpu 00'eKTa.

Opniero 3 xmouoBux mnepeBar 3D  Zephyr € #oro mBHAKICTE Ta
edekTuBHICT. BoHa Moke 00po0IaTH BeNMuKHil o0csr gotorpadiit 1 CTBOprOBaTH
skicHl 3D Mozem y KOpoTki TepMiHH. KpiM Toro, mporpama Hajae MOKIUBOCTI
JUTSL peJlaryBaHHs, pEKOHCTPYKIIIT Ta ONTUMI3allii OTPUMaHUX MOJIENIEH.

Hlono oOmexens, 3D Zephyr Bumarae 10ocTaTHbO HMOTY>KHOT'O KOMIT'IOTEpA
JU1sl €PEKTUBHOI pOOOTH 3 BEIMKUMU 00CsSIraMu TaHuX. Takok BapTO BpaXxOBYBATH,
0 TporpamMa MOXK€ MaTH MEBHY CKIIQJHICTb B HaBYaHHI Ta OBOJIOJIHHI yciMma
(GyHKLIIAMU.

B nopiBHsHHI 3 1HmMMH Tporpamamu ais Qgororpammerpii, 3D Zephyr
MIPOTIOHYE 3PYUHUM Ta MOTYKHUM 1HTepdeic, IUpoKuil Hallp PyHKIIH Ta BUCOKY
AKICTh pe3ysbTyrouux wMonenei. Buxopucrannsa 3D Zephyr y mnoennansi 3
dboTorpaMMeTpiEI0  JO3BOJIIE OTPUMATH JETajdbHI, TOYHI Ta peaTICTHYHI
TPUBHUMIPHI MOieNi 00'ekTiB 3 hoTorpadiii.

Takum uynHOM, QoTOrpamMMeTpis € TOTY)KHUM METOJOM OTPHUMAaHHS
TpUBUMIpHUX MojeneH, a 3D Zephyr - epekTUBHUM MPOrpaMHUM PIIICHHSIM IS
iX CTBOpEeHHs Ta 00poOKH. BUKOpUCTAaHHS LIUX TEXHOJOT1H Y TOEHAHHI BIJKPUBAE
0e3/my  MOXJIMBOCTEM il PI3HUX Taly3ed, BKIIOYAIOYU  apXITEKTYypYy,
OyIiBHUIITBO, Teorpadito, kaprorpadito Ta MEAUIIHY.

OO6roBoprorour pi3HI METOAM MOOYJOBUM TPUBUMIPHUX MOJENEH 00'€KTIB,
OyJ10 MPUIHATE PIIIEHHS BUKOPUCTOBYBATH (POTOTPAMMETPI0 pa3oM 3 IPOrPaMoOr0

3D Zephyr. Lleit Bubip OyB 3yMOBJIeHUHN KUTbKOMA (PaKTOpaMM:
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1. Tounicth Ta peamicTHuHICTh: DOTOrpaMMeTpPisi BUKOPUCTOBYE BUCOKOSIKICHI
dororpadii 7S CTBOPEHHS TPUBUMIPDHUX MOJENEH, M0 JI03BOJISIE
OTPUMYBATH JE€Talli30BaHI Ta pealiCTU4HI pe3yapTatu. lle o0cobimuBo
BaXXJIMBO y BUIAJKY JETalIbHOI Bi3yasi3allii 00'€KTiB Ta iX aHaI3y.

2. EdextuBHicts: dororpammerpis y mnoeaHanHi 3 3D Zephyr mporonye
MIBUJAKANA Ta €(QEeKTUBHUN TMPOIEC OTPUMAHHS TPUBUMIPHUX MOJECIIEH.
Mupokuit Habip (QyHKUIA Ta aJITOPUTMIB MPOrpaMU  CIPHUSIOTH
ONTUMAJIbBHOMY BUKOpPUCTaHHIO (oTorpadiii Ta MIBUAKOMY CTBOPEHHIO
SAKICHUX MOJIETCH.

3. HdocrtymHicte mporpamHoro 3abesmeueHHs: 3D Zephyr € mnoTyxHOIO
OporpaMoro,  JOCTYHHOIO  JUIsl ~ BUKOPUCTaHHS  CTyJEHTaMH  Ta
npodecionanamMu. BoHa Mae 3pyuyHuil iHTepdeilc Ta MHUPOKUNA CHEKTP
IHCTPYMEHTIB, IO JO3BOJISE 3PYYHO IMpaIfoBaTH 3 (HOTOrpamMMETpPI€I0 Ta

OTPUMYBATH 33JI0BOJICHHS B1J] IPOLECY MOJEIIOBAHHS.

[TopiBHIOIOYHM 3 THIIMMH MeToIaMu, (hoTorpammetpis Ta 3D Zephyr maroTh
CBOI IIEpeBaru:

- Jlazepune ckanyBanHsi (Laser Scanning): ®oTorpammeTpiss HE MNOTpeOye
CHEIlaJIbHOTO O00JIaTHAHHSA, TAKOTO K JIA3epHUN CKaHep, 10 POOUThH ii
OUIBbII JOCTYMHOK Ta 3pY4YHOIO JJiss BHUKOpucTaHHA. KpiMm ToTO,
dboTorpamMmeTpiss Moxe 3a0e3MeuuTH OUIbII JIeTalli30BaHl pe3yJbTaTH B
CKJIQJJHUX TEOMETPUYHUX CIICHAX.

- CrpykrypoBane cBiTio (Structured Light): dotorpammerpis He moTpedye
J0JJTATKOBOTO OOJIaAHAHHS ISl MMPOCKTYBAaHHS CTPYKTYpOBAaHOTO CBITIia Ha
o0'ekt. Bona BukopuctoBye smiie doTtorpadii, mo poOUThs MpoIec OiIbII
MIPOCTHUM Ta JOCTYITHUM.

- Pyune mopnemoBanHs (Manual Modeling): Pyune mozentoBaHHs BHUMarae
3HaYHO OLTBIIOrO YacOBOTO 3aTpar Ta HaBWUYOK. DoTorpamMmerpis pa3om 3
3D Zephyr n03BOJIAIOTH IMIBHAKO CTBOPIOBATH MOJIEN 3a JOTIOMOTOIO

aBTOMATU4HOI 00poOKH (hoTorpadiii Ta aNrOpUTMIB BIATBOPEHHS (POPMHU.
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BucHoBkmu 10 po3aiay 1

VY miacymky, ¢dortorpammerpiss Ta mporpama 3D Zephyr € mNoOTyKHUM
iHCTpyMeHTapieM 71 00Yy[0BM TPUBUMIPHMX Mojeneil 06'exTiB. IX moeananHs
3abe3reuye TOYHICTh, €(PEKTUBHICTh Ta JOCTYITHICThH MPOIECY MOJEIIOBAHHS, 1110

BIJIKpUBAE MIUPOKI MOXKIIUBOCTI JIJIsI 3aCTOCYBaHHS Y PI3HUX raay3sx.
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PO3/ILI 2
JTOCJKEHHS TPUBUMIPHUX OB’EKTIB

2.1 3uutryBanus gororpadiii

3DF Zephyr — 1e koMmepiiiiHe mporpamHe 3a0C3MEYCHHS IS
dotorpammetpii (BUMiproBaHHS poO3MIpiB 00’€kTIB 3a ix dortorpadiamu) Ta
nooynoBu 3D-moxeneit 00’€kTiB Ha OCHOBI 300paxeHb. Y poOOTI MOTPiOHO

BUKOpHCTATH O€3KOITOBHY Bepcito mporpamu 3DF Zephyr Free [1, 2].

2.1.1 Bxiagni naumi

Jlist noOynosu 3D-Mozeni moTpiOHO CIIOYATKY OTPUMATH CEPI0 MOYATKOBUX
dororpadiit 06’exra (puc. 2.1). Hum OinbIiie 3HIMKIB — TUM Kpallia AKiCTh MOJIEII.
€ nesxi 0OMeXEHHS 111010 3aBaHTaKyBaHUX 3HIMKIB:

- ix Mae OyTu MiHIMYM 25 (0OMEKEHHS MPOrpamu);
- ix Mae Oytu He Oibine 50 (0OMeKeHHs OE3KOIITOBHOT BepCii).

3BICHO, YUM MeHIIEe (poTorpadii, TUM ripiia sIKicTb MOZEII, L€ BIIMIYA€THCS
HaBITh CaMOIO MPOTPAMOIO — MEHILE 3aBaHTaKyBaTH 3a00POHEHO.

VY 0e3komTOBHIN Bepcii, fAKa BUKOPUCTOBYBAJACh y POOOTI, «BEPXHEN
oOMexkeHHA Ta KUIbKicTh (oro — 50. Ilpm nmpuabanHi miaTHOi Bepcli MOXHa
3aBaHTaXyBaTH OLIBIIE 1 BIAMOBIAHO AKICTh MOJIEN Oy/ie BUIIOIO.

[Ipote, HEe AUBISTYUCHL HA OOMexeHicTh, S0 ¢doTorpadiil TOCUTH HATJISAIHO
JEMOHCTYPIOTh MOMJIMBOCTI nporpamu. Jliist ctBopenus CIIP uporo goctaTHbo,
TUM OLJIBIIE, 1110 Y pOOOTI BUKOPUCTOBYBAJIOCH MeHIe (ororpadiii, Hixk 50 (s

KOXKHOT MOJIEJII MO-Pi3HOMY — 3arajioM 1o 48-49),
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3559 3601 3603 3605 3607 3610 3614 3616

o

IMG_20230402_17 _20230402_17 IMG_20230402_17
3620 3

I
l :

IMG_20230402_17  IMG_20230402.17  IMG_20230402.17  IMG_20230402.17  IMG_20230402.17  IMG_20230402_17
3642 3644 3647 3

i

IMG_20230402_17 IMG_20230402_17  IMG 70‘30402_17 / ‘0407 17 IMG_20230402_17  IMG_. 70230407 17
37 722

=y <' 1 .

Puc. 2.1. Cepis 3 48 nouaTkoBHUX 300pa>keHb 00’ €KTa

(po3mipom 1560 x 2080 mikceniB)

Jist mobynoBu 3D-mozeni 00’ €KTy CTBOPIOETHCS HOBUI MPOEKT (KOMaHIO0

WorkFlow/ New Project) (puc. 2.2).

Compute 3D Model after project creation

< online for precomputed camera calibration

Puc. 2.2. Onmuii mpoekty nmooynosu 3D-moneni 00’ ekTy

Otpumani ortorpadii 00’exty (puc. 2.1) 1oaar0Thes 10 MpoekTy (puc. 2.3).

[Ticiist 1bOr0 BUKOHYETHCS aBTOKAIIOpyBaHHs apamMeTpiB (oTokamep (puc. 2.4).



Project Wizard

n be added by 1g on the 'Plus’ Button or by dragging and dropping them

[AMnnoMHz

A KYpCOBOWH
BOW
BOW

A KYpPCOBOWR
BOW

A KYpPCOBOH,
BOW

A KYpPCOBOR,
BOW, y

A KypcoBoW/Hoy

Import Pictures from video

Puc. 2.3. JlonaBanus (ororpadiii 10 mpoeKTy

Project Wizard

Internal c:

4000 px )

92 x 4000 px )
x 4000 px )

2 % 4000 px )

2 % 4000 px )

x 4000 px )

2 % 4000 px )

2 x 4000 px )
x 4000 px )
2 x 4000 px )
2 x 4000 px )
x 4000 px )
2 x 4000 px )

x 4000 px )

Puc. 2.4. ABrokaniOpyBanHs napameTpiB poTokamep
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2.2 Tloeranne crBopenHs 3D moaei
2.2.1 Po3pixxena xmapa TOYOK
[IpoBeneHO BU3HAYEHHS TIOJOKEHHS Ta OpIl€HTAIll KaMmep, a TaKoxX
napaMeTpiB BHYTPILIHBOI reoMeTpii kamep ((OKyCcHOI BiJcTaHi, AUCTOpCIi Ta iH.)
(puc. 2.5). lns nporo nporpama BU3Hayae KiI04oBl ToUkH (keypoints) 300pakeHb
Ta CIUIbHI KJIFOYOB1 TOUKH PI3HUX 300pake€Hb NUISIXOM cyMiteHHs. st noOynoBu
3D-Moneni HEe BHUKOPUCTOBYIOTHCA 300paKE€HHA, SIKI MOTAHO MEPEKPHUBAIOTHCS 3
IHIIUMHU, a0o 300pakeHHS BI3yaldbHO TMOAIOHMX @QparMeHTiB (puc. 2.6). VY
pe3ynbpTaTi O0YUCITIOETHCS po3pikeHa xmapa To4dok (Sparse Point Cloud) B 3D

IIPOCTOPi MOJIEINI, @ TAKOXK KOOPJAWHATH Ta opieHTalii poTokamep (puc. 2.7).

for most kind of nstructions.

Default

Default settings

Puc. 2.5. TlapameTpu MaiicTpa (3a 3aMOBUYBaHHSM ), SIKi BUKOPUCTOBYIOTHCS TIPH

BU3HAUCHHI MOJIOKEHHS 1 Opl€HTALIll KaMmep



Project Wizard

48 photos out of 48 have been oriented.
You can now review the obtained re:

Summary:

Camera

*z IMG_20230402_173533.)pg

*z IMG_20230402_173535.)pg

*z IMG_20230402_173538.)pg

*z IMG_20230402_173542.jpg

*z IMG_20230402_173544.]jpg

*z IMG_20230402_173549.jpg

IMG_2

023040,

173552.jpg

IMG_20230402_173555.jpg

IMG_20230402_173559.jpg

IMG_20230402_173601.jpg

IMG_

0230402_173603.jpg

IMG_20230402_173605.jpg

IMG_20230402_173607.jpg

IMG_20230402_173610.jpg

IMG_20230402_173614.jpg

IMG 20230402 173616.ipa

and start the stereo proc ng to obtain a dense reconstruction.
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Puc. 2.6. [1epenik 300pakeHb, siki BAKOPUCTAHO /JIsi TOOYIOBHU (PEKOHCTPYKIIii)

B 30F Zephyr Free 7.008 (laptop_default

Project

.E Cameras (48 out of 48)

=

Sparse Point Cloud

: E Dense Point Clouds (1)

E‘ Textured Meshes (1)

Puc. 2.7. Po3pimxena xmapa Touok (Sparse Point Cloud) y cuctemi koopaunat

Tools

Uil

3D-moxmemni

Animator
Editing

By Hand * Color
[ Plane i Points

”anang\es =y Cameras

b Filtering

XYZ; cuniMHu MapKepaMHu IMOKa3aHo MOJ0KEHHS (hOoTOKaMmep

(1151 KO’KHOTO 300paskeHHs 3 puc. 2.1)
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2.2.2 llinbHa XMapa TOYOK

[TobymoBa mrimbHOI xmapu Touok (Dense Point Cloud) wa ocHoBI
nonepeHb0 BU3HAYCHUX NapaMeTpiB kaMep (puc. 2.7) Ta moyatkoBux (ororpadiit
(puc. 2.1). IloOymoBa mIIIBHOI XMapu TOYOK BHUKOHYETHCS KOMAaHJOIO

«Workflow/Advanced/ Dense Point Cloud Generation» (puc. 2.8).

File Workflow Export Edit Scene Tools Utilities View Help
= o " o I s
: W g e U A4 AL A
History i Animator E g
Project Editing
.E Cameras (48 out of 48)

=] Sparse Point Cloud (1)
By Hand * Color
& Der
@ Dense point cloud 1

1) Plane Points

Triangles =x Cameras

L ‘B Meshes (1)
T:SE Textured Meshes (1) 5 2 N Filtering

3 Na Log
Camera navigator

533 535 'sﬁ::s wgz g 53 55;z SS;Q : 555! "601_! ”;03‘; j e-ﬂ.;

’ R T e T ;
2 : ¥
51:‘ 6ﬁ 616' 513 = | .7623‘ 625 630} s632)

Puc. 2.8. Il{inpHa xmapa Touok (Dense Point Cloud); mapamerpu moOymoBu — 3a

3aMOBYYBaHHAM

3 AaHOro paKkypcy 1€ He MOMITHO, ajie B po0OTI BKe € «apTedakT» - YOPHUI
npoOia y JBIM HWIKHIA 4YaCTHHI MOHITOPY (BUIIJIEHO YEPBOHUM Kpyrom). [ami

ciiyBaTUME 100y/10Ba MOJIEN, Ha K1 BIH HE 3HUKHE.

2.2.3 CTBOpEeHHS CiTKHU MOJIITOHIB
[ToGymoBa TpuBHUMIpHOT MOBepXHi abo ciTku moironiB (Meshes) Ha ocHoOBI
nribHOi Xxmapu Touok (Dense Point Cloud) mmsixom tpumanrymsmii.  Citka
nomroHiB Oyayerbest komanaoro «Workflow/Advanced/ Mesh Extraction»

(puc. 2.9).



File Workflow Exp Tools Utilities View Help
= . -
()
History
Project
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Animator
Editing

'S Cameras (48 out of 48) =
=l Sparse Point Cloud (1)
wBy Hand * Color

i Dense Point Clouds (1) 5 5
Plane Points

N o\ e Triangles =y Cameras

Mesh 1

'extured Meshes (1) A £2 N Filtering

Log
Camera navigator

e .. 6. B N e | T | e i T e e =l
533, rszs 538 M.542 ) .544 540k 5528 5558 5594 6011 503! é 505! 1 sajj ] 61fj‘ 5;“?' c’;ﬂ s1sll _e20ll | 623l 625l 630} 1632
e ; - ' ."n’J H e | PR TR

Puc. 2.9. Citka nosnironiB (Meshes); mapameTpu nmo0y10Bu — 3a 3aMOBUYBaHHSAM

2.2.4 HakaiaHHs TEKCTYpH
[ToOymoBa Tekctypu /TexcrypHoi citku/ (Textured Meshes) mus
NOJIroHaNbHOI Mojeni (puc. 2.9) Bukonyetrbess komanmoro WorkFlow/Textured

Mesh Generation) (puc. 2.10).

History Animator
Project "V 1 Editing

©g Cameras (48 out of 48)
& Sparse Point Cloud (1)

«By Hand + Color

a8 Dense Point Clouds (1) & 75
Plane Points

{g Meshes (1) Triangles =y Cameras

T8
Textured mesh 1

N Filtering

Camera navigator

13 311

549 552 555

= 0 G EE e w v TRy oo - ;
oy -soig 503;' c’-oa' 50‘73' uj‘ 5?3 w w fﬁ :2& 6250 %30 J:;g

Puc. 2.10. TekcrypHa citka (Textured Meshes) aiis momironassHOI MOJENI;

napameTpH Mo0y/TI0BY — 33 3aMOBUYBaHHSIM
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Taxum unnom, moOynosa 3D moneni (3D Reconstruction) mossirae y cTBOpeHH:
Pospimkenoi xmapu Touok (Sparse Point Cloud), etann Samantha (puc. 2.7).
{inpHOT1 xMapu To4ok (Dense Point Cloud), eran Stasia (puc. 2.8).

Citkm nostironiB (Meshes), eran Sasha (puc. 2.9).

> e

Texctypnoi citku (Textured Meshes) (puc. 2.10).

Ha oTpumaniii Mopeni KUIBKICTh TOYOK € BIIHOCHO HH3BKOIO. Xoua

MOBEPXHS SCKpaBa Ta 00pe OCBITIICHA, ajie MPUCKTHI 1ePEKTH.

2.3 PeparyBaHHs Ta BUMipH
2.3.1 3miHa BepTHKAJbHOI Opi€HTAIIL
BeptukansHa opienranis 3D-mozeni (B IeKapTOBiH CUCTEMI KOOPAWHAT XYZ)
BUKOHYeThCsI KoMaHnoto Tools/ Workspace/ Define Up Vector, nanpukiman,

BKa3aHHSM HampsMy BEPTUKAIBHOI OCi Z /3a 1BoMa Toukamu/ (puc. 2.11).

File Workflow Export Edit S Utilities View Help
= "

Animator 19
Project Editing

'é Cameras (48 out of 48)

g Sparse Poin

Sparse Point Cloud

By Hand _* Color
0 Plane { Points

”anangIes =y Cameras

E Dense Point Clouds (1)

:é Meshes (1)

_‘é Textured Meshes (1) + = 1A <7 Up Vector From Points

Log A
. Sparse Point Cloud
Camera navigator

e l":,\ m r ',? A = ""- i = ¥ e b . T Inlier threshold: 49,18
3540 s3s [l s I

542 K '544] " _sagfl _s5528" _ d -ss9g s 6 q 1 Flip

oK Cancel

Puc. 2.11. Bkazanus opienraiiii 3D-Mozeni 3a 10oMOror BepTUKAITEHOTO

BIJIpi3Ka B JIEKapTOBIM cHUCTEM1 KOOpAUHAT XYyZ
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2.3.2 BugajieHHsi 3aiiBHX eJIEMEHTIB
Buninennst 3aiiBux (parMeHTiB MoJell BHUKOHYeThCcs Komanaowo «Tools/
Selection/ Select by Plane» (puc. 2.12). Ilicist uboro BUKOHYETHCS BUAQJICHHS

BUUIEHUX PparmeHTiB KomaHoto «Tools/ Selection/ Delete Selected Itemsy.

File Workflow E ne Tools Utilities View Help
=

e of I A
History Animator
Project Editing
.E Cameras (48 out of 48)

g Sparse Point Cloud (1)
By Hand * Color

g Dense Point Clouds (1) g =
1 Plane Points

11§ Meshes (1) Triangles =y Cameras

3
Textured mesh 1 @Delete dInvert

~Cut B Copy

*, ! Plane selection

Coordinates: -8,4053 . 8,9784 o 32,7959
Degrees: 108,9882 i 167;1551 . -110,4749

Dimensions: 164,5702
tag Align w/ Axis: X Y
Camera navigat(

; ~ "‘ V“M . @ ), & B " = 4 = ‘ -' Align w/ CP:
...533 .535 538 542 544 . 555‘ 5591 6011 603’ "6l
: Update

Puc. 2.12. Bupinenns 3aiiBux ¢pparmenTtiB 3D-moxaemni

komanoro «Tools/ Selection/ Select by Plane»

2.3.3 3miHa 32 ocSIMH KOOPAUHAT

3MiHa TIOJIOKEHHS, HANpsSMKY Ta MacmrTaly ocell KOoopAWHAT XYz
BUKOHY€eThCs KoMaHmoto Tools/ Workspace / Scale/ Rotate/Translate Object
(puc. 2.13). IloBopoT Momei HaBKOJIO OCE KOOpAWHAT BHUKOHYEThCsS I[Ip.Ki.M. i
komaHnoto Bounding Box. Komanga Smart Reset Oynye mnapanenemnines

MIHIMAJILHOTO 00’ €MY JIJII MOJIEIII.
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Animator
Editing

'E Cameras (48 out of 48)

g Sparse Point Cloud (1)
By Hand * Color

g Dense Point Clouds (1)
Plane Points

18 Meshes (1) Z, " ! Triangles =y Cameras

2
Textured mesh 1 4 ° < a

SEREN > Transform Objects X
VG Object: Al structured objects (o]

Translation: 0,0000 0,0000
Rotation: 0,0000 0,0000
Scale: 1,0000

* Normalize * Reset

Edit
Camera na\

? 2 ¥ ‘i *‘ = 31‘ Line Triangle Axis: 2-Axis

544 54! 552 5551 5591 6011 60!

Number of edited objects: 0 OK Cancel

Puc. 2.13. 3miHa MOIOKEHHS, HAPSMKY Ta MaciTaby oceil KOOpAUHAT XYZ

2.3.4 OTpuMaHHs BUMIipIiB Ta BJIACTHBOCTE
Bumipu po3mipiB Mozei (y MeTpax) BUKOHYIOThCSI KoMaH 1010 Tools/

Distance and Measurements (puc. 2.14).

Tools Utiities View Help
! Ol U Aa
History Animator
Project = Editing
©®g; Cameras (48 out of 48)

g Sparse Point Cloud (1)
«By Hand * Color

g Dense Point Clouds (1) -
Plane Paints
(g Meshes (1) Crs S Triangles =y Cameras
B
Textured mesh 1

e‘ 230031214 02802 . 06436

g .
I\ Quick Measurements X

Start: X 6,4793 Y -7,0355 Z 48,8252
End: X 0,0000 Y 0,0000 Z 0,0000

Eamer AT INON Distance (®): 23.0031

14

A N . b e I T P
544 549 552 555’ 5591 bqu 003’ 003’ 60

Horizontal Distance (®): 23.0017
Elevation (A): -0.2592
Inclination (+): -0.6456°

Puc. 2.14. BumiproBanus po3mipiB Ha 3D-moxeni: D (Distance) — Bincranb, M;
E (Elevation) — miaHATTs, M (pI3HHL BUCOT IS [IOYATKOBOI 1 KiHIIEBOT TOYOK),

I (Inclination) — maxw (Bizpi3ka BiATHOCHO TOPU30HTAIBHOI TUIONIUHH, Y ©)
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Ha ocnogi Biactani D (puc.2.14) BCTaHOBIIOETHCS MPaBUIBLHUN MAacCIITA0
Moeni. Skio moyaTtkoBa A0BkuUHA Bifpizka D0, a mpaBwibHa noBxkuHa D, TO 1151
Mojeni  moTpiOHO  BcTraHoBUTHM  MacmTad Scale = D/D0  kxomaHmoro
«Tools/Workspace/Scale/Rotate/Translate Object» (puc. 2.15).

Hanpuknan:

[TouaTkoBa nopxkuHa Biapizka DO = 2.1167 m; aificue 3nauenns D= 2.02 wm.

Topni Scale =D/ D0 =2.02/2.1167 = 0.95431568 (puc. 2.15).

Object:  All structured ¢

Apply just to rer

Puc. 2.15. Bcranosnenns macmrady 3D-monemi

BrnactuBocti 3D-Mozeni OTpUMYIOTbCS 4epe3 KOHTEKCTHE MEHIO 00’€KTy

Textured mesh (puc. 2.16).

Default multi texture
I o Cr (R e
Points (uniques) 25 571 (15 898) Preset Type e —
. _ Running Time 0d Oh 2m 21s
Triangles 31 694
App Version 3DF Zephyr Free 7.007
Toxnes Date 16:9:11 31.03.2023

Input Mesh Mesh 1

BlurrinessDetection
ColorBalance

ColorBalanceHalfWindowSize

ColorBalanceSoftenEdgesHalfwindowsize

GenerateFloat

TmaneResnlitinnPercent

Open Associated Log Show/Edit Comment

Puc. 2.16. Baactusocti 3D-moneni
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3a Qororpadiero MokHa BUOpAaTH BIANOBIMHE W TIOJNOXKEHHS KaMepHu

(puc. 2.17).

File Workflow Export Edit ools Utilities View Help

=

I
O U

History Animator
Project Editing

.é Cameras (48 out of 48)

El Sparse Point Cloud (1)
«By Hand *Color

g Dense Point Clouds (1) - =
Plane Points

(g Meshes (1) Triangles =wCameras

&

B
Textured mesh 1

\Fﬂterlng
Sy LA EEFFEEEE

003’ 60

6ﬂ 6ﬁ wAsls 620y ..6230 6251 16301 4632
= L] BB [ Bn [RCH R TR

Puc. 2.17. ®otorpadis Ta BiamosigHe iii monoxeHHs GpoTokamepu

Hus 3D-moneni TpuaHryndiiiiHa ciTKa BiJOOpaXaeTbCsi KOMAaHAOIO

Rendering/Enable Wireframe 3 konTekcTHOrO MeHto (puc. 2.18).

B2 30F Zephyr Free 7.009 (laptop_default O
File Workflow rt Edit Scene Tools Utilities View Help
=

History k R t Animator
Project A g Editing
.E Cameras (48 out of 48)
g Sparse Point Cloud (1)
By Hand * Color

=] Dense Point Clouds (1) =
ELES Points

18 Meshes (1) Triangles =y Cameras

R
# Textured mesh 1

N Filtering

Camera navigator
g phiblac :

552 555’1 554 oafg aoi!' noa‘ oo/j aﬂ 6& m> Eﬁ :ﬁ m »szs v:as.ov .ﬂgg

Puc. 2.18. 3D-Monens 3 BiioOpakeHHSAM TpUaHTYIsiiHOI ciTku (Wireframe)
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2.3.5 ®opmaru daiiiiB

[InsxoM MOBOPOTY BUOHMpAEThCA MOTPiIOHWN pakypc moxeni. 3D momenb
30epiraeTbest 'y daini dopmaty .zep. Citka 30epiraetbcsi komanuowo Export /
Export Mesh (popmartu .ply, Obj, Glb, Upload to Sketchlab).

[ToGynosa 3D mopem 3aiiMae 3HauHMi yac. Hampukian, ajisi KoM 'orepa 3
napameTtpamu (mporecop AMD A4-6300, 3.70 I'Tu, 2 sagpa; *KOPCTKHM AHCK
Seagate Barracuda 7200, 1 TB; SSD 120 I'b; O3I1 4 I'b; Bineoxapra AMD Radeon
HD8370D /interpoBana/) yac nodyaosu 3D mozaemi — 12 xs.

Ha Bcix eramax OyB mpHCYTHIN «apTedakT». Y HACTYIMHOMY MiIPO3ILIL
OyIyTh BCTaHOBJICHI BHICOKI TapaMmeTpu MaicTpa. BoHHM 30imbmIaTh KiTBKICTH Ta

HIUTBHICTH TOYOK 1 MOKHA Oy/i€ MO0aYUTH — YU BUTIPABUTH 1I€ TAHUM MPOO1IL.

2.4 IlpeacraBiieHHS BUCOKOSIKICHOI MOIeJTi
VY nporpaMi € MOXIJIUBICTE 00poOUTH 300paskeHHs 3a BHcokuMHU (‘high’)

napametpamu. [lapamTepu npu KOXKHIH 1T BCTAHOBIIOIOTHCS OKPEMO.

Stereo Wizard x

Settings: Presets
Category: General

“ This category generally suits well for most kind of reconstructions.

Presets: High details

| Increas resolution than the default setting. Use this setting to produce a more dense

point cl

Cancel

Puc. 2.19. BcTtaHOBIEHHS] BUCOKUX ITapaMeTpiB
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Ie HamamTyBaHHS BUKOHYETHCS OJHAKOBO JJISl BCIX MPOILIECIB.

Taxum unHOM Mporpama oOpoOUTH O1NIbIIE TOYOK, K1 Y XMapi OyAyTh
PO3MIIIIATUCH HIIIBHIIIE, a TTOJITOHAJIbHA Ta TEKCTYPHA CITKa OY1yTh BIATIOBITHO
O neramizoBani. 3o0paxkeHHs 2.20 — 2.25 noka3yoTh MOIENb, OTPUMAHY MPH

BHUCOKHX IapamTepax MancTpa, siky MOKHa MOPIBHSATH 13 OTPUMAHHOIO paHIIIIe.

£l 20 7
File Workflow Export Edit Scene Tools Utilities View Help
= 8 % % e
B E: &5 3
History
Project

Animator
Editing

Oé Cameras (48 out of 48)

®
=]

= Sparse Point Cloud

& Dense Point Clouds (1)
{7 Meshes (1)
2 Textured Meshes (1)

Log

D M
533'}535 ‘539 542 o

File Workflow Export Edit Scene
= ol

Hist
Project

o
=] Cameras (...

=) Sparse Po...

=}

¥ Dense point clo

L js Meshes (1)

.J"‘E Textured ...

Log

-~ B JEw O ER
.3’5'8 2 4

Tools

Camera navigator

L .\ o

52 5531 5599 -c0ig

«By Hand
0 Plane

Triangles

»Color
Points

=y Cameras

503‘!' 60£ .6

N Filtering

5ﬂ mfﬂ S0} 623‘- s34y 530,‘ 1632)

Puc. 2.20. Po3pimkena xmapa TO9OK

Utilities View Help

Camera navigator

444

Animator
Editing

®

«By Hand
! Plane

Triangles

N Filtering

Puc. 2.21. l1linpHa XMapa TOYOK

* Color
Points

=y Cameras



Byxe Ha manomy erarii 3HOBY BUJTHO, 110 TPOOLT Y MOHITOP1 HE 3HUK.

w Export Edit Scene Tools Utilities View Help

P -

b R SO

Animator

Project Editing
o
& Cameras (. %
=] Sparse Po...

«By Hand + Color
& Dense Poi

0 Plane Points
]

Triangles =y Cameras
= Mesh 1

% Textured . N Fittering

3!‘5 ";z \ é‘ 2‘ 54‘ 9%‘ |

ols Utiities View Help
o
Animator
Editing

@ Cameras (.. *

B Sparse Po.

wBy Hand * Color
a8 Dense Poi...

T Plane Points
{y§ Meshes (1) Triangles =x Cameras

B Textured mesh

Filtering
Log

B | ail el O [ (6 o et e By i ey e Gy 1Oy [y O

mera navigator

Puc. 2.23. TekctypHa ciTka

OpHak € pi3HUILA y BIACTUBOCTAX MOJIEINI Ta y BUIIISIII TPUAHTYISIHHOT

citku. Touok ctano HabaraTo OUIbIIE 1 TEKCTypa OUIBII JIeTali30BaHa.



Project

O
5 Cameras (.
& Sparse Po

g Dense Poi.

“& Meshes (1)

-8

Textured mesh

el (& [ b et e s

Puc. 2.24. TpuanrynsuiifHa ciTka Ha BUCOKUX HAJIAIITYBaHHSIX

@ Textured mesh 1

Points (uniques)
Triangles

Textures

BlurrinessDetection

ColorBalance

ColorBalanceHalfWindowSize

Camera navigator

d -y

91 605 (53 925)

ColorBalanceSoftenEdgesHalfwindowSize

GenerateFloat

ImaneResnlutinnPearcent

Open Associated Log

Puc. 2.25

Preset
Praset Type
Running Time
App Version
Date

Input Mesh

Animator
Editing

*®
By Hand + Color

Plane Points

Triangles =y Cameras

™ Filtering

High details

General

0d 0Oh 3m 57s

3DF Zephyr Free 7.009

16:51:27 06.04.2023
Mesh

Show/Edit Comment

. Bmactuocti mojiem

34

Otxe, 32 o1HUM U TUM caMuM Habopom ¢oTorpadiii Oyio oTpuUMaHO MBI

pi3HI Mozieni. Po3risiHyTo mo-eTanHe MpoeKTyBaHHS «IIap 3a HIapoM».
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BucHoBku 10 po3ainy 2

3a momomoroio mporpamu 3DF Zephyr moOynoBaHO TpUBHMIpHI Mojeni
00’€KTiB MeTO/IoM (hoTOrpaMMeTpii. AHalli3 MOOYA0BaHUX TPUBUMIPHUX MOJCICH
MOKa3aB, 1110 B HUX MPHUCYTHI MeBHi apredaktu. ToMy icHye moTpeda y CTBOpEHHI
CIIP, sixa 6 HaTaBajga peKOMEH/ 11l Ipu MoOya0B1 MOJIEIII.

SIK HEeOJIIK MOYKHA BIIMITUTH «XBHJISICTY» MOBEPXHIO KOPITYyCy HOYTOYyKa,
dortorpadii sikoro Oynu OTpUMaHI HpU MPSAMOMY COHSYHOMY CBiTIL. [Ipsime
OCBITJICHHS] MO>K€ ITPUBOJAMUTH JI0 MOSABH OJI1KiB, 0OCOOJIMBO Ha TIIAJIKUX MTOBEPXHSIX.

HacTtynHuii po3aii JOMOBHIOE OTpUMaHy 1HGOpPMAIIiI0 aHaI30M IIe KITbKOX

MOJIesIel Ta OMKUCY€E CUCTEMY PEKOMEH/Ialllil Ha OCHOBI BCIX OTPUMAHUX JaHUX.
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JOOJATKOBI JOCIITZKEHHSA TA EKCIIEPTHA CUCTEMA ITPABINJI

3.1 IlpeacraB/ieHHs1 €TaJIOHHOI MO eJIi

3.1.1 IloOynoBa 3a cTAHAAPTHUMH NapaMeTpaMu

Jlns OiapIl  TIOBHOTO JIOCBIAY Ta  MOMJIMBOCTI

MOPIBHSIHHS

OyJo

MpoaHali3oBaHoO Mme JBa Habopu ¢dotorpadiii: mis HOYTOyKa 13 BUMKHEHUM

MOHiTOpOM Ta OJIA IIKATYJIKU 13 3CPHUCTOIO ITIOBCPXHCIO.

[Tporpamoro 3DF Zephyr 6yno cTBopeHO Iie 1O JBI MOJENi JUISI KOXKHOTO

Ha0oOpy — OJHA 3 CTAaHJAPTHUMHU HaJalITyBaHHSAMHU, a IHIIA 3 BHUCOKUMH

napameTpamu.

CrnioyaTKy ONMHUCYETHCSA HaWOLIbII YCIIIIHA MOJIEIb — IIKATYJIKA.

[ToGymoBa MoIEi MOYNHAETHCS 3 OTPUMaHHS cepii 3HIMKIB (puc. 3.1).
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Puc. 3.1. Cepis 3 49 nouaTkoBHUX 300pa’keHb 00’ €KTa

(po3mipom 1560 x 2080 mikceniB)

IMG_20230327_12
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Jlani ¥ayTh eTanu, 1ICHTUYHI 10 OMMCAHUX y MonepeaHboMy po3aial. Omuc
B HUX 1JICHTHYHUH 1 3aMICTh BEJIUKUX MiAPO3/IIIIB BCE MOIICHO HA STaIH.
Jiist nobyaoBu 3D-mozeni 00’ €KTy CTBOPIOETHCSI HOBUM MPOEKT (KOMaHAOI0

WorkFlow/ New Project) (puc. 3.2).

Puc. 3.2. Onuii npoexty nodynosu 3D-moneni 00’ ekTy

Otpumani portorpadii 00’exty (puc. 3.1) nomarThes 10 mpoekTy (puc. 3.3).

[Ticnst OO BUKOHYETHCS aBTOKAIIOpyBaHHS apamMeTpiB oTokamep (puc. 3.4).

F4] Project Wizard *
il

n be added by clicking on the 'Plus’ Button or by dragging and dropping them

Import Picture: Import from panorama picture

Puc. 3.3. JlonaBanus ¢ororpadiii 10 mpoekty



Project Wizard

Internal camera parameters will be automatica

R

Camera

\New Calibration

racted (or downloaded if told to do so).

et calibrations with EXIF

Calibration
Autocalibrated (M2
Autocalibrat:
Autocalibrats
Autocalibrat
Autocalibrat:

Autocalibrat

Autocalibrat
Autocalibrat:
Autocalibrat

Autocalibrated 2 x 4000 px )

libration

< Back Next > Cancel

Puc. 3.4. ABTokaniOpyBaHHs napameTpiB poTokamep

[IpoexT noOyaoBu 3D-Mozeni 00’ €KTY MICTUTD 4 €Taru:
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Etan 1. BusHaueHHs MOJOKEHHS Ta OpI€HTAIII] KaMep, a TaKOX MapaMeTpiB

BHYTPIIIHKOI TeomeTpii kamep (PokycHOi BifcTaHi, muctopcii Ta iH.) (puc. 3.5).

Jlst uporo mporpaMa BusHavae kitouoBi Touku (keypoints) 300pakeHpb Ta CIIIbHI

KITIIOYOB1 TOYKHM PI3HUX 300pakeHb MIIsIXoM cymimeHHs. /s mobymzoBu 3D-

MOI[eJ'Ii HC BUKOPHUCTOBYIOTBLCS 306pa>1<eHH$[, K1 TIOraHo IICPCKPUBAIOTLCA 3

IHIUMHU, abo0 300pakeHHS Bi3dyanbHO TOAIOHMX (QparmenTiB (puc. 3.6). VY

pe3ysibTaTi 00YMCITIOEThCS po3pikeHa xmapa Touok (Sparse Point Cloud) B 3D

IPOCTOPi MOJIEII, @ TAKOXK KOOPAMHATH Ta opieHTallii potokamep (puc. 3.7).



Default

1structions.
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Puc. 3.5. [lapametpu maiicTpa (3a 3aMOBUYBaHHSIM), SIKi BAKOPUCTOBYIOTBCS MTPH

ﬁ Project Wizard

¥

Summary:

o5 IMG_2

*o IMG
*g IMG_
*g IMG_

o5 IMG_

*g IMG_

*g IMG_

BU3HAYCHHI MOJIOKEHHSI 1 OplEHTAIIT KaMep

nd start th

1g to obtain a d reconstruction.

Reconstructed

Finish

Puc. 3.6. Ilepemnik 300pakeHb, iK1 BUKOPUCTAHO ISl TOOY10B1 (PEKOHCTPYKIIIT)

3D-monmemni
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File Workflow Export Edit Tools Utilities View Help
n s

5
History Animator ]
Project Editing
.é Cameras (4.

B Sp

Sparse Point Clo

By Hand s Color
1 Plane | Points

{Triangles =y Cameras

E Dense Poin...
'é Meshes (1)

~

Filtering

":é Textured M...

Camera navigator

Puc. 3.7. Po3pimkena xmapa To4ok (Sparse Point Cloud) y cuctemi koopauHat
XYZ; cuHIMH MapKepaMH MOKa3aHo MOJ0KEeHHs (poTOKaMmep

(151 KOXKHOTO 300paskeHHs 3 puc. 3.1)

Eran 2. [ToOynosa migsHOi XxMapu Touok (Dense Point Cloud) Ha ocHoBi
MOTIePETHHO BU3HAYCHHUX MapaMeTpiB kamep (puc. 3.7) Ta moyatkoBux ¢ororpadii
(puc. 3.1). IlobymoBa mIiIbHOT XMapu TOYOK BHUKOHYETHCS  KOMAHIOIO

«Workflow/Advanced/ Dense Point Cloud Generationy» (puc. 3.8).

Eran 3. [ToOynoBa TpuBuMipHOT MOBepXxHi a0 ciTku mosiroxis (Meshes) Ha
ocHOBI muIbHOT XMapu Touok (Dense Point Cloud) nuisixom tpuanryssmii. Citka
noyiroHiB  Oyayerbest komanmoro «Workflow/Advanced/ Mesh Extraction»

(puc. 3.9).
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File Workflow Export Edit Scene Tools Utilities View Help
= oo

T (oF (]

History Animator

Project Editing
'é Cameras (4... ®

£ Sparse Poi.
wBy Hand * Color

8 1 Plane Points

m Dense point clou
Triangles =, Cameras

Winvert
B cop

L .5 Meshes (1)

T Textured M. N Fitering

Camera naviga(or . v
g Py e S e e e e
9

850 928§ 952 936. 941 947

Puc. 3.8. Il{impHa xmapa Touok (Dense Point Cloud); mapamerpu moOymoBu — 3a

3aMOBYYBaHHAM

File Workflow Ex ene s Utilities View Help

L A 4
" A4 AL A

Animator g
Editing

History
Project

'é Cameras (4... =
g Sparse Poi...

«By Hand * Color

=] Dense Poin... - A

1 Plane Points

Triangles =xCameras

W Filtering

o TR fae R

928/ i 032 |#.936 |..941
S i

Puc. 3.9. Citka nmonironiB (Meshes); mapameTpu moOy10BH — 32 3aMOBYYBaHHSIM

Eran 4. [To6ynoBa Tekctypu /TexctypHoi citku/ (Textured Meshes) ms
noyiroHanbHoi mozeni (puc. 3.9) Buxkonyetbcsi komangor WorkFlow/Textured

Mesh Generation) (puc. 3.10).



File Workflow Export Edit Scene Tools Utilities View Help

BiES S %@
History
Project

.é Cameras (4...

U A4 &
Animator =

Editing

®
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=] Sparse Poi...
»By Hand * Color

- E Dense Poin... — -
- 1 Plane Points

L :5 Meshes (1)

Triangles =y Cameras
-

- B
H Textured mesh 1

N Filtering

Camera navigator
T e s e B Bl

9281 932 11936 |..941 | ..947

Puc. 3.10. Tekctypna citka (Textured Meshes) aiis momiroHaabHOI MOAETI;

napameTpu Mooy J0BU — 3a 3aMOBUYBaHHSIM

Sk MokHa 6auMTHU HA CKPIHIIOTaX — HISKUX apTe(akTiB Ta 3HUKEHb SKOCTI
Ha >KOJHOMY 3 eTamiB He Oyro. [Ipu ormsal Mozeni 3 ycix OOKiB iX TakoX He 0yJio
BUsiBNIeHO. OCBITJICHHS, Yac, MOBEPXHsI, Ha sIKiil OyB 00’ €KT — BCE 1ICHTUYHE.

CBoro ponb 3irpaB po3mip Ta (opma. I[llkatynka — 1€ HEBEIUKHIA
NPSIMOKYTHUH OO0’€KT, MPOCTUH i1 OOpOOKH 1 SIKMH JIETKO PO3MILLYETHCS Y
cepenuni kanapy. HoyTOyk, MOpIBHSHO 31 MIKATYJIKOIO, OLIBIT rabapuTHHUMA, Mae
71Ky, YaCTKOBO BiJIOMBaIOUy MOBEPXHIO Ta y BIAKPUTOMY CTaHl BIIKHIYE TIiHb,
0 € HEraTUBHUM (aKTOPOM NpH 34MTYBaHHI 3 Qortorpadiii. HeodxinHo Oyio
oOpaTu mpaBWIBHUN KyT TajiHHS CBiTNA, 100 Bce Oyno kopektHo. Ille omamm
HETaTUBHUM, ajié MEHII 3HA4YHUM (AKTOpoM OYyB poO3MIp — HOYTOYK HE OuIblie
CTOJIa, HA SIKOMY BIH CTOSIB, aJlé UMM OLIbIlI€ CTOPOHHIX O0’€KTIB MOTpAILIE Y
KaMepy Ta YUM BOHHU CBITJIII YA TEMHIII — THM OIJbIIE 3MIHHUX JOBOJIUTHCS
BpPaxOBYBATH MPHU MOCTAHOBII Kaapy Ta BiAOMpaHHi GoTorpadiii.

Otpumanuii 10ocBil MOOYAOBH MOJENEH y MOJAIBIIOMY TEPETBOPEHO Ha

bakTu-yMoBH, HacHiAKu Ta pekomenaaii mist CIIP.
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3.1.2 IToO0ynoBa 3a BUCOKHMH NapaMeTpamMu
[IpoBeneHo moaanbiry 0OpoOKy TPUBUMIPHUX MOJIEIIEH.
BeprukansHa opienraitis 3D-mozeni (B 1eKapTOBiH CUCTEMI KOOPAMHAT XYZ)
BUKOHYEThC KoMaHmoto Tools/ Workspace/ Define Up Vector, nampukian,

BKa3aHHSIM HampsMy BEpTHUKaJIbHOI OCi Z /3a 1BoMa Toukamu/ (puc. 3.11).

File Workflow t t e s tilities View Help
o

History
Project

Animator
Editing
o = - alach
| Cameras (4. w 5¢ o

g o

By Hand i " Color
Sparse Point Clo

1 Plane ~ 'Points

__Triangles =y Cameras

Ml invert

i Copy

; Dense Poin...
Eé Meshes (1)

T‘?‘é Textured M. N Filkering

..O36/§...941

Puc. 3.11. Bxazanus opienrarii 3D-Mopemi 3a T0TOMOTOI0 BEPTUKAITEHOTO

BiJIpi3Ka B JICKAPTOBIM CHCTEM1 KOOPAMHAT XYyZ

Buninennsa 3aiiBux (parMeHTiB MOJENl BUKOHYETbCS KoMmaHaoro «Tools/
Selection/ Select by Plane» (puc. 3.12). Ilicist nboro BUKOHYETHCS BUAAIICHHS

BUIIeHUX PparmMenTiB komanaor «Tools/ Selection/ Delete Selected Items».
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File Workflow Export Edit Scene Tools Utilities View Help
- r e 5 b -
i@ QiR @
History Animator

Project Editing
.é Cameras (4. =

=] Sparse Poi...
»By Hand * Color

a8 Dense Poin... _
Plane Points

g Meshes (1) 1 o A A e Triangles =y Cameras

® Textured mesh 1 1 = S oDelete Jinvert

~Cut & Copy

Sy Filtering

o s T DR B

210l 02508 028 i 932 | 936, |..941 947
AT = :

Puc. 3.12. Buninenns 3aiBux pparmentis 3D-moment

komanoro «Tools/ Selection/ Select by Plane»

3MiHAa TIOJIOKEHHS, HANpsSAMKy Ta Macimitady oceld KOOpJIuWHAT XYz
BUKOHYEThC KoMaHmoto Tools/ Workspace / Scale/ Rotate/Translate Object
(puc. 3.13). [ToBopoT MojEIl HABKOJIO OCEH KOOpAMHAT BUKOHYEThbCs I[Ip.KiM. 1
koMmaHmoro Bounding Box. Komanmga Smart Reset Oymye mnapanenemninen

MIHIMQJIBHOTO 00’ €MY /I MOJIETI.



File Workflow Export Edit Scene Tools Utilities View Help
0 B &9 b " ()
History
Project

.é Cameras (4...
= Sparse Poi...

. g Dense Poin...

:é Meshes (1)

@ Textured mesh 1

Object: All structured objects

B Translation:
Rotation:

Scale:

Camera na

Line

Number of edited objects: 0

0,0000
0,0000
1,0000

Triangle

Animator

Editing

By Hand
& Plane

Triangles

oDelete

~:Cut

. 0,0000

* Normalize

Edit

Z-Axis

OK
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# Color
Points

=y Cameras

d Invert

B Copy

* Reset

Cancel

Puc. 3.13. 3MiHa noi0XKeHHs, HAPSIMKY Ta MacITady oceil KOOpIUHAT XYZ

Bumipu po3mipiB Mmozaeni (y MeTpax) BUKOHYIOTbCA komanaoto Tools/

Distance and Measurements (puc. 3.14).

Utilities

Project

o s
=} Cameras (4.
= | Sparse Poi...

g pense Po

Dense point dou

':s Meshes (1)

T’?’é Textured M._

=5

Quick Measurements

Start: X

End: X 0,0000

Horizontal Distance (=

Distance (2): 8.

Elevation (A

Inclination (&):

Animator

Editing

By Hand
0 Plane

Triangles

@Dclete

¥ 0,0000
¥ 0,0000

: *Color
__Points

=y Cameras

Z 0,0000
Z 0,0000

Puc. 3.14. BumiproBanus po3mipiB Ha 3D-moxeni: D (Distance) — Bincranb, M;

E (Elevation) — migasATTS, M (PI3HUIIS BUCOT Il TOYATKOBOT 1 KIHIIEBOT TOYOK),

I (Inclination) — Haxw (Bizpi3ka BiIHOCHO TOPU30HTAIBHOI TUIOIIUHH, Y ©)
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Ha ocnoBi Bigcrani D (puc. 3.14) BCTaHOBIIOETHCS MPABWIBHUN MacmiTad
Moeni. Skio moyaTtkoBa A0BkuUHA Bifpizka D0, a mpaBwibHa noBxkuHa D, TO 1151
Mojeni  moTpiOHO  BcTraHoBUTHM  MacmTad Scale = D/D0  kxomaHmoro
«Tools/Workspace/Scale/Rotate/Translate Object» (puc. 3.15).

Hanpuknan:

[TouaTkoBa nopxkuHa Biapizka DO = 2.1167 m; aificue 3nauenns D= 2.02 wm.

Topni Scale =D/ D0 =2.02/2.1167 = 0.95431568 (puc. 3.15).

All structured objects

Apply just to re

Cancel

Puc. 3.15. BcranoBnenns macitady 3D-moneni

BnactuBocti 3D-mMozeni OTpUMYIOTBCS 4Ye€pe3 KOHTEKCTHE MEHIO 00’ €KTY

Textured mesh (puc. 3.16).

Default multi texture

ints (unigues) 25571 (15 896) =

Points (uniques) 25571 (15 89a) P o —

_ Running Time 0d 0h 2m 21s
Triangles 31 694

App Version 3DF Zephyr Free 7.007

Textures Date 16:9:11 31.03.2023

Input Mesh Mesh 1

BlurrinessDetection

ColorBalance
ColorBalanceHalfWindowsSize
ColorBalanceSoftenEdgesHalfwindowSize
GenerateFloat

TmaneResnhitinnPercent

Open Associated Log Show/Edit Comment

Puc. 3.16. Baactusocti 3D-moneni



47

3a Qororpadiero MokHa BUOpAaTH BIANOBIMHE W TIOJNOXKEHHS KaMepHu

(puc. 3.17).

File Workflow Export Edit Sc Tools Utilities View Help
= - " 4
e, U A4 A
History = Animator
Project Editing

.é Cameras (4...

=] Sparse Poi... T
TMapameTpni pasmeTku # Color
g Dense Poin... -
B rexcre Points

L :é Meshes (1)

=
|

|

1

| =y Cameras
| O6rexanue rexcrom

|

1 Textured mesh 1
N- NN
n

°

|
|
|
i
i
|
i
|

N Filtering

Camera navigator
. — |

%

848 850

Puc. 3.17. ®otorpadis Ta BiANOBIIHE il MONOXKEHHS (OTOKaMepH

Hus 3D-moneni TpuaHryndiiiiHa ciTKa BIJOOpaKaeTbCsi KOMAaHAOIO

Rendering/Enable Wireframe 3 konTekcTHOr0 MeHto (puc. 3.18).

B4 20F - o

File Workflow Export Edit Scene Tools Utilities View Help

= Aty =
History § ; Animator
Project Editing
o
5 Cameras (@..

& Sparse Poi..
»By Hand * Color

g Dense Poin. y
1 Plane Points

{;g Meshes (1) Triangles =y Cameras

Textured mesh 1

N Filtering

B R

932 (#.936, [..941 || 947

Puc. 3.18. 3D-Moxens 3 BinoOpakeHHSIM TpHaHTYJIAMINHOL ciTku (Wireframe)
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HInsxoM MOBOPOTY BUOHMpaAEThCs MOTPiIOHUI pakypc moneni. 3D moxens
30epiraerbest y daitmi dopmary .zep. Citka 30epiraerbcs komanmow Export /
Export Mesh (popmatu .ply, Obj, Glb, Upload to Sketchlab).

Jlam moBTOpeHO eTanmu MOOYJAOBH MOJENI 13 BUCOKMMH HalallITyBaHHSIMH

(puc. 3.19).

Stereo Wizard x

General

u This category generally suits well for most kind of reconstructions.

High details

Increased resolution than the default setting. Use this setting to produce a more dense

Cancel

Puc. 3.19. BcranoBieHHS! BUCOKUX TTapaMeTpiB

IneanpHa MoOBepXxHS — 3epHHCTA, O3 OJIKIB, BiOWBaHb, TOOpPE OCBITICHA.
JlonaTu croau BHCOKI HapaMeTpd 1 MOXHa OTpUMATH HaWKpamuidi BapiaHT 13

MoxkimBuX (puc. 3.20 — puc. 3.23).



File Workflow Export Edit

History
Project

.é Cameras (4...

g Sparse Po

Sparse Point Clo

: E Dense Poin.

=] Meshes (1)

File Workflow
a8

R EY

Export Edit

Project

o
=] Cameras (4...
g Sparse Poi...
a0

= Dense point clou

[ s Meshes (1)

Textured M...

Scene Tools Utilities View Help

Puc. 3.21. IllinpHa XMapa TOUOK

Animator
Editing

w By Hand

Triangles

Filtering

g

3

Animator
Editing

By Hand
1 Plane

Triangles

Filtering

Points

=y Cameras

* Color
Points

=y Cameras

D]
[ ]



File Workflow Export Edit Scene Tools Utilities View

-
=]

History
Project

o
'y Cameras (4..
g Sparse Poi...

g Dense Poin.

File Workflow Export Edit Scene Tools Utilities View

=
History
Project

‘E Cameras (4.
[ Sparse Poi...

g Dense Poin.

[7gy Meshes (1)

B
W Textured mesh 1
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Help

N

Animator
Editing

By Hand * Color
Plane Points

Triangles | Z,Cameras

N Filtering

Help

Animator
Editing

By Hand * Color
2 Plane Points

Triangles =wCameras

Filtering

Puc. 3.23. TekctypHa ciTka

Tako € pi3HUIISA y BIACTUBOCTAX MOJIENI 1y BUTJISI TPUAHTYIISIIMHOL

citku (puc. 3.24, puc. 3.25).
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History ; e A Animator
Project Editing
2 Cameras (48 out of 48)
g Sparse Point Cloud (1)
»By Hand * Color

g Dense Point Clouds (1)
Plane Points

B - : g Triangles =y Cameras

Textured Meshes (1) i 23 i F ; Filtering

Log

Puc. 3.24. TpuanrynsiiifHa ciTKa Ha BUCOKUX HATAIMTYBAaHHIX

Textured mesh 1 >

High details
ints (uni 91 605 (53 925) -
Points (uniqu 91 605 (5 ) T Vpe General

0d Oh 3m 57s

Triangles 107
3DF Zephyr Free 7.009

T — 16:51:27 06.04.2023
Input Mesh Mesh 1

BlurrinessDetection

ColorBalance
ColorBalanceHalfWindowSize
ColorBalanceSoftenEdgesHalfwindowSize
GenerateFloat

TmaneResnlitinnPercent

Open Associated Log Show/Edit Comment

Puc. 3.25. Baactusocti Mozeni

OTxe, Oyno moOyI0BaHO YOTUPU TPUBUMIPHUX MOJIETII.

Moneni HOyTOyKa 13 YBIMKHEHUM MOHITOPOM OyiH 3 apTedakTamu, siKi He
Blajioch BumnpaBuTu. Lle HeBmami Mozeni, B 00poOIll SKUX 3irpajii pojb OaraTto
HEraTUBHUX (akTopiB — BiAOMBarO4Ya MOBEpXHsS, rabdaputu, ocBiTieHHs. [Ipore

OCHOBHUM TO3UTUBHUM (aKkTOpoM OyJjia siCKpaBa Ta KOJIbOPOBA MOBEPXHS EKPaHy.
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VY HacTynmHOMY MiAPO3/iii Oyae pO3TISTHYTHH MPOTHIICKHUN TTPUKIIA] Ta OMKUCAHO,
HACKUIBKU BaXJIMBY POJIb II€ TPAE.

Mopeni mKaTyJlKd BAAIMCh HaWKpalle. 3€pHUCTAa TEKCTypa, HEBEIUKHMA
pO3Mip, YyJI0OBE OCBITJICHHS — X04 BOHO aHAJOTIYHO JJO HOYTOYKY, Uepe3 HEeBEIUKI
rabapuT 00’ €KTy Ta BIACYTHICTh 3HAYHUX 3aTIHEHb JO3BOJUTU OTPUMATH JOOpUH
pe3ynbTaT (xoua HaWKpallle BUKOPUCTOBYBATH HENpsiMe po3cisiHe cBitio). Y CIIP
OyAyTh ONucaHi 1 TO3UTUBHI (PAKTOPH, SIKi BIUIMBAIOTH HA MOOYA0BY MOJIENI.

Jani cruigye IOCTIKEHHS HaWOUIbII HEBIAJIOro JOCBIAY: HOYTOyKa 13
BUKIIIOUEHUM eKpaHoM. J[Jisi Takoro 00’ €KTy OMucaHo BCi (paKTOpH, K1 BILTUHYIU

Ha CIIOTBOPEHHS MOJIEIIL.

3.2 IIpeacraBiieHHs MoJeli 3 Ae)eKTaMu
Po3pobiieno pexkoMeHaailii moa0 TOTo, Ik yHUKHYTH JESIKUX apTe(aKTiB 11
yac cTBopeHHs 3D mozeni.
OxpiMm HOyTOyKa 13 BKJIIOYEHMM €KpaHoM, Oyina crnpoda mpamtoBaTH i3
BukiroueHUM. Gon OyB CBITIMI (BUKOPUCTOBYBAIACH 3BUYANHE O1JI€ MOJIOTHO), a
doTorpadii oTpuMyBanKcs y TPUMILIEHH] IPU JEHHOMY Ta IITYYHOMY OCBITJICHHI

(puc. 3.26 — puc. 3.29).

Puc. 3.26. Ilpuknag ¢ororpadii



Puc. 3.27. Po3pimxeHa xmapa TOUOK

Puc. 3.28. I1linpHa XxMapa TOUOK

53
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Puc. 3.29. CiTka noJiroxis

Boxe Ha eram moOym0BH CITKH MOJIITOHIB 100pe BUAHO nedextu. [Iporpama
KOPEKTHO 34YUTY€ KOJBOPOBI, 3€pHHUCTI, JOOpEe OCBITJIEHI 00’ekTu. B naHomy
NPUKJIaA1l TOBEPXHS HOYTOYKa Iajika, yTBOproe Ok 1 yopHa. [Iporpama 3unrana

il K TIHB Ta HakJada ii Ha Oluit ¢oH 3 mosoTHa (puc. 3.30).

Puc. 3.30. Inmuii pakypc mozeni
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Ha puc. 3.31 BuaHo, sk mporpama «mobaunmnay o00'ekT. OkpiM paMKH i
KUIBKOX TUISIM 3 OJIiKiB, BOHAa HE 34YMTalla TOBEPXHIO €KpaHy, 3aMiCTh IThOTO
«3aapOyBana» HEero MOJIOTHO Ha (GOHI.

Taka mpoOiemMa BUPINIYETHCS JUINE 3MIHOIO OO'€KTY Ta IOKpAIICHHSIM
SAKOCTI 3HWOMKHM (Hampukian e Oubiie ¢otorpadii 3 pi3HUX pakypciB ado
3MIHUTH OCBITJIEHHs). 3MiHAa HaJAIITyBaHb MPOTPAMHU, MIJABUIICHHS SKOCTI
00pOOKH TYT HE CHpAITioe, 00'EKT BCE OHO Oy/e BUKpUBICHHH (prc. 3.32).

Byno Bukopucrano poscisiHe MTy4YHEe OCBITICHH, 01t poH. HoyTOyk mae
YOpHY Ta IJIaJIKy TTOBEPXHIO €KpaHy, TOMY 3MiHa TTapaMeTpiB MaiicTpa HE BKIIUBAE

Ha 00poOKy. Li pakropu BpaxoBano y CIIP, sik ¢pakTu-ymMOBH Ta (haKTU-HACIIIKH.

Puc. 3.31. Monens 3 nedexramu



56

Textured mesh 1 X

Default multi texture
ints (uniques) 203 406 (135 432) 5
Points (uniques) 203 406 (135 432) General

_ = Running Time 0d 0h 5m 275
Triangles 269 753
App Version 30F Zephyr Free 7.009

Textures 5  Date 18:33:12 16.04.2023

Input Mesh Mesh 1

BlurrinessDetection

ColorBalance
ColorBalanceHalfWindowsSize
ColorBalanceSoftenEdgesHalfWindowSize
GenerateFloat

TmaneResolutinnPercent

Open Associated Log Show/Edit Comment

Puc. 3.32. TekcTtypoBana MojieNb Ta ii BIaCTUBOCTI

Otxe, OyJI0O OTPUMAHO MOJICINb 3 JepeKTaMu Ta BUJJICHO JesKl HeraTUBHI
dakropu mipu ii modymosi. Taki akTopu, SIK TEMHA MOBEPXHS, IJ1aJIKa MOBEPXHS,
PO3CISIHE IITY4YHE OCBITIEHHS 1 T.J. Y HACTYIHOMY PO3JUTl MPUBOJIUTHCS MMOBHUN

CIIUCOK (DaKTiB, OTPUMAHHUIA Ha OCHOBI JTOCBi Ty TTOOYOBH BCiX MOJIEICH.

3.3 CTBOpeHHS CHCTEMH MPABWII VISl €KCIIEPTHOI CHCTEMH
3.3.1 BugisieHns pakTiB-yMOB
Hocnigusmm Tpu 00’ektu Ta 1'saTh 3D Momeneit (mo ABi Ha mepiri aBa i
OJIHAa Ha OCTaHHII), OTPUMAHUX 32 IOMOMOTor0 (poTorpammerpii, Oy po3podIieHi
pexkoMeHpalii mo moOymoBi Mozenel. Taki pekomeHaaIi opOpMIICHO y BUTIISII
CHUCTEMHU TpaBWJI MPOAYKIIIHHOI eKCriepHOoi cuctemu. 3i10paHi (akTu 3rpyrnoBaHO
Ta JIOTTYHO 00’ €aHAHO.
[lepmmii Tun Qakrie — 1e Qakru-ymoBu. Ile Te, mo € 00’€KTUBHUM
CTOCOBHO MOJEJIL:
® TUII OCBITJICHHS,
® THI MIOBEPXHI,

® 3aJaHi HAJAIITYBaHHS;
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® KUIBKICTH (hoTOrpadiif;
e (oKyc Kamepu;
® TICPEKPUBAHHSA KaJPiB;
® PO3JIUIbHA 3J]aTHICTh KAMEPH;
e JDKepesa CBITJIA y KaJipi;
e iHII 00 €KTH B KaJpi.
Jlasi HaBOAUTHCS CIUCOK BCiX (haKTiB-yMOB!

(nonokeHHA Kamep PiBHOMIPHO po3nogineHe y NpocTopi)

(nonoKeHHA Kamep He PiIBHOMIPHO po3noineHe y NpocTopi)

(KinbkicTb doTOrpadii mana, meHwa 25)

(KinbkicTb dpoTOrpadit cepeaHs, binblwa 25)

(po3ainbHa 3gaTHicTb poTorpadin HM3bKa, meHwe 3000 nikcenis 3a WKMpPUHOK abo BUCOTOLO)
(po3ainbHa 3gaTHicTb poTorpadiit BucoKa, binbwe 3000 nikcenis 3a WMpPUHO abo
BUCOTOIO)

7. (nepekpuBaHHA KafpiB HU3bKe, MeHLLE HiX Ha 60%)

8. (nepekpuBaHHA KaapiB BUCOKe, binblie HixK Ha 60%)

9. (doTorpadii 06’ekTa OTPMMAHO Yy BCiX pakypcax)

10. (doTorpadii 06’eKTa OTPUMAHO TiNIbKKU Yy AEAKUX pPaKypcax)

11. (mocniasKkyBaHuU 06’€KT y LEHTpi Kaapy)

12. (mocniayBaHu 06’€KT He B LLEHTPI Kaapy)

13. (mocniaskyBaHuit 06’eKT y pokyci)

14. (nocniaKyBaHu 06’eKT He y GOKYCi, 306parkeHHA po3muTe)

15. (aocniasKkyBaHuMi 06’ €KT 3aliMae meHLWy naowy Kagpy)

16. (mocniasKkyBaHui 06’€KT 3alimae Binbluy naoLLly Kaapy)

17. (pyxomi 06’ekTi y Kaapi)

18. (MpuCyTHi HETEKCTYPOBAHi MOBEPXHI)

19. (npucyTHI Npo3opi Ta HaNiBNPO30pi NOBEPXHi)

20. (npucyTHI A3epKanbHO BiabWBaOYi NOBEPXHI)

21. (npucyTHi 6aikn /Bindanckn/ y kaapi)

22. (Npsme WTy4YHe OCBITNEHHA)

23. (nxkepena cBiTha y Kaapi)

24. (NpsMi COHAYHI NPOMEeHi)

25. (po3cifHe ocBiTNEHHSA)

26. (napameTpu maricTpa Npo NnobyaoBi TPMBUMIPHOI MoAeNi HU3bKI)

27. (napameTpun marcTpa Npo NnobyaoBi TPMBUMIPHOI MOAEeNi 32 3aMOBYYBAHHAM)
28. (napameTpun marictpa Nnpo NnobyaoBi TPMBUMIPHOI MOAENi BUCOKI)

29. (npv NobyaoBi po3piaKeHOT XMapKn TOYOK 3HaYHa YacTuHa ¢poTorpadili BiagKMAAETHCA)
30. (npucyTHI 3aliBi pparmeHTH TPMBMMIPHOI Moaeni)

oukwnNE

Tpunusare ¢akTiB-yMOB € JOCTATHIMH [JIi OUIBIIOCTI CHUTyami. Y

NOJAJIBLIOMY IIJIAHY€ETHCSI IONOBHIOBATH iX Ha01p y mporpami.



58

3.3.2 Buaisienns ¢gakTiB-HACTIAKIB
@daxkTU-HACTIAKKA BUIUIMBAIOTH 13 TMOMNEpenHix. BoHM B OCHOBHOMY
XapaKTEPU3YIOTh AKICTh CTBOPIOBAHUX MOJICIICH:

® «PO3MUTICTH» TEKCTYPH;

® HasIBHICTbH apTe(aKTiB,;

e nedopMOBaHICTh MOJIEII;

® TOYHICTH BIATBOPEHHS;

® SKICTH OCBITJICHHS,

® SKICTb TPUAHTYJSIIAHOI CITKH.

Cnmcox (axTiB-HACTIIKIB:

(akicTb 3D moaeni HU3bKa)
(akictb 3D mopaeni cepeaHsn)
(akicTb 3D moaeni BUCOKa)
(KinbKicTb TOwoK 3D Mmoaeni HMU3bKa)
(kinbKicTb Touok 3D mogeni cepeaHs)
(KinbkicTb TowoK 3D moaeni BUCOKa)
(ocBiTneHHs moaeni HU3bKe)
(ocBiTneHHs moaeni cepeaHe)
(ocBiTneHHs moaeni BUCOKe)
. (HM3bKa AKICTb TEMHUX AiNAHOK Moaeni)
. (BUCOKa AKICTb TEMHUX AiNAHOK Moaeni)
. (HM3bKa AKICTb CBITMX AiNAHOK Moaeni)
. (BMCOKa AKiCTb CBITIMX AiNAHOK Moaeni)
. (NpUCyTHI cNOTBOPEHHA TPiIaHTYAALINHOIT CiITKN)
. (NpUCYTHI cNOTBOPEHHA TPiIaHTYAALINHOI CITKK y AeAKnxX parmeHTax moaeni)
. (NpucyTHI cnoTBOpPEHHA TEKCTYpK)
. (cnoTBOpEHHSA TEKCTYPU NOKaNbHI)
. (HM3bKa WBKAKicTb NobyaoBM moaeni)
. (HasBHicTb apTedaKTiB y mogeni)

W N b WwWNE

PR R R R R RRR R
OO NOOUD WNEREO

3.3.3 ®opmyBaHHS (PaKTiB-peKOMeHAANIMH

HaiironoBHimmM € po3poOUTH peKoMeHaallii s moOyaoBu Mojaenei. Jlis
TOTO, 100 BUIPABUTU TIEBHE CIOTBOPEHHS 4M apTedakT, HEOOXIAHO BUKOHATU
BIJIMOBIIHY [110. TyT MOXHa 31CIaTHCh HA BUCHOBKH 31 CTBOpeHHs 3D moneneit y
nonepeAHix po3aigax poOOTH — caMe 3aBASKH IIUM JOCIHIDKEHHSIM MOJKHA

BUJIIJTUTH HACTYITHI «ITOYATKOB1» PEKOMEHAIT JUIsl TOIMIICHHS SIKOCTI POOOTH:
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1. (po3micTUTV Kamepun PiBHOMIPHO Y NpPoCTOpI)

2. (36inbWwKTM KinbKicTb poTOrpadin)

3. (36inbWwKTK po3ainbHY 3a4aTHICTb doTOorpadin)

4. (oTpumaTn dpoTorpadii 06’ekTy y BCix paKypcax)

5. (po3micTntn gocniarKyBaHu 06’eKT y LEHTPI Kagpy)

6. (po3micTnTh 06’€KT y PoKyci Kamepu)

7. (Bupanutn pyxomi o6’ektu 3 Kaapy)

8. (3MeHWUTM NaoLy HETEKCTYPOBAHUX MOBEPXOHb)

9. (3meHWWUTM Nnowy Npo3opux abo HaniBNPO30pPMX NOBEPXOHb)

10. (3MEHLLIMTU NAOoLLY A3EPKabHO Bigb6MBaOYMX NOBEPXOHD)

11. (BMKOpUCTATU PO3CiAHE OCBITNEHHSA)

12. (BCTaHOBMTW HWU3bKi 3HAYEHHA NapaMeTpiB MalcTpa Npo NobyaoBi TPMBUMIPHOT Moaeni)
13. (BCTaHOBMTW BMCOKi 3HAYEHHA NapaMeTpiB MalicTpa Npo NobyaoBi TPMBUMIPHOT Moaeni)
14. (BuaanuTn 3amei ¢pparmeHTn moaeni 8 3DF Zephyr)

15. (36inbWINTM OCBITAEHHA MoAeni)

16. (3MEHLINTM OCBITIEHHA Moaeni)

3.3.4 JloriuHe 00’€¢IHAHHS y IPaBWJIa
Ha ocHOB1 0OTpuMaHuX TpbOX THUIIB ()aKTiB CTBOPEHO CUCTEMY MPABUIL

Jlorika npaBuii OyJie 3B’s13yBaTu (hakTH Yy HACTYITHUH JIAHITFOMKOK:
Gpaxkm-ymoea=>gaxm-Haciiook=>gaxkm-pexomeHoayis

KopuctyBauy Oyae HeoOXiHO BBECTH JuIIEe (PAKT-yMOBY (UM JEKUIbKa
Takux), K1 mporpamMa 3B’sbKe 13 ¢dakTamu-HACHiIKaMH, 1, Maro4l Hallp 3 yMOB 1
HACJIJKIB, BOHa oOWpaTHME 1 BHBOJUTHUME HEOOXITHY PEKOMEHJIAIII0 IS
BUpILIEHHS MpoOjeMu. Y mporpami TakoXK OynyTh BpaxOBYBaTHCh 1 HOPMaJbHI
ymoBu. Hampukman Ha (akT «TeKcTypa HOpMaibHa» IMporpamMa BUaBaTHME
«JIOJJATKOBUX [II HE MOTpPeOyeThCs». TakuM YMHOM, MOXHA OXOMUTHU HaWOLIbII

HIMPOKHI HAOIp CUTYallii 1 BpaXOBYBaTH MOKJIMBI MPOOJIEMH.

Hagenemo npukiiaa npocTux mpaBuil:

1. Axuwo (aKictb 3D moaeni HU3bKa) (Kinbkictb doTorpadin mana, meHwa 25) To (36inbwNTK
Kinbkictb doTorpadin)

2. Akwo (akictb 3D moaeni HM3bKa) (AocniaxKyBaHMN 06’'€KT He B LeHTpPI Kaapy) To
(po3micTuTn gocnigKyBaHMn 06’ KT y LEeHTpI Kaapy)

3. Akwo (skictb 3D moaeni HM3bKa) (AocniaKyBaHMN 06’ eKT He y POKyCi, 306parkeHHsA
po3mute) To (po3micTuT 06’ekT y poKyci Kamepu)
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[epu1, Hi>XK CTBOPIOBATH MpaBuia, HEOOX1AHO 00’ enHATH PakTu. 3abirarouu
Harepe1, HeoOXiTHO BiAMITHTH, 110 OYyJI0 CTBOPEHO JIEKIIbKA BEPCii mporpam, 3
HEBEJIMKOIO PI3HUIICIO Y JIoTii. BoHM OyayTh omnucaHi mi3Hille, ajie y ASSIKUX 3
HUX JICIIO 1HIIA JIOTIKa MPaBHIL.

OcHoBHa JIOT1Ka «yMOBa-HACJI1IKA-PEKOMEH AL »:

1. (nonoxkeHHs Kamep piBHOMIPHO po3nogifeHe y NpocTopi)
Akictb 3D moaeni: BUCOKa
. Kinbkictb Touok 3D moaeni: BUCOKa
o OcBiTNEeHHA MoAeni: BUCOKe
. LLBmAKicTb NobynoBM moaeni: BUCOKa
. PekomeHpaauisn: Hemae notpebu B 404aTKOBUX AjinAX.
2. (nonorKeHHs Kamep He piBHOMIpHO po3nogineHe y NpocTopi)
. Akictb 3D moaeni: HU3bKa
. Kinbkictb Touok 3D mogeni: HU3bKa
. OcBiTNEHHA MoAeni: HU3bKe
. LWBMAKicTb NobynoBM moaeni: HU3bKa
. PekomeHaauis: NMepeposTawyiiTe Kamepu AnA pPiBHOMIPHOro NOKpUTTA 06'eKTa.
3. (RinbKicTb poTorpadint mana, meHwa 25)
Akictb 3D moaeni: HU3bKa
o KinbKicTb To4oK 3D mopgeni: HM3bKa
o OcBiTNEHHA MoAeni: HU3bKe
o LLBmMAkKicTb NobynoBM moaeni: HU3bKa
. PekomeHpaauin: 36inbliTe KinbKicTb poTOrpadin s oTpMmaHHA 6inbll AeTanbHOT moaeni.
4, (RinbKicTb PpoTorpadiit cepeaHs, 6inba 25)
. Akictb 3D mopaeni: cepenHa
. Kinbkictb TouoK 3D mogaeni: cepenHa
. OcsiTneHHA moaeni: cepegHe
. LBMAKicTb NobynoBM moaeni: cepeaHs
. PekomeHpaauin: Joaante goaatkosi poTorpadii 4na NOKpalLeHHA AKOCTI moaeni.

Le nuiie npukiag 4OTUPHOX IpaBui. Bchoro ix B ycix Bepcisix mporpamu
oyzae mo 30-31 — mo omHOMY Ha KOeH (akT-ymMoBy. [IoBHUI CIIMCOK MpaBuII
HABEJICHO Yy J0/IaTKax.

Bceroro npaBuit y pi3HHUX Bepcisix mporpamu 0yjie Oiablie, B 3aJIKHOCTI Bl

Ha/JIallITYBAHb.
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3.3.5 Omuc CLIPSIDE 6.3

Cepenosunie CLIPS (C Language Integrated Production System —
MoBa C, 1HTerpoBaHa 3 NPOAYKIINHUMH CUCTEMAaMH) BUKOPUCTOBY€ETHCS IS
po3poOku 0a3 3HaHb i excriepTHUX cucteM (EC) [1-3].

Huctpubytus CLIPS «clips 631 windows 64 bit_installer» noTpioHo
3YUTATH 3 CAUTy pO3pOOHHUKa:

https://sourceforge.net/projects/clipsrules/files/CLIPS/6.31/

[Ticnst poro moTpiOHO BUKOHATU IHCTANSIO cepefoBuina CLIPS 1
BiIKpuTH Horo komau0t0 «CLIPS 6.31/CLIPSIDE.

Mogsa CLIPS 6.3 BUKOpUCTOBYE MPOAYKIIAHY MOJEINb MPEACTABICHHS
3HaHb 1 MICTUTh TPH OCHOBHI €JIeMeHTH [2]:

1. Ciucok (akTis.
2. bazy 3uanb (b3).
3. BJ1OK JIOT1YHOTO BUBEIECHHS.

CknagoBumu yactuHamMu b3 B MoBi CLIPS sBnstotees: ¢aktu (fact),
npaBuia Ta ¢yHkuii. EBpuctruunmii Mmexanizm npeactaBieHHs 3HaHb B CLIPS
peani3yeTbCs 3a JIOMOMOTOI0 TPAaBWI, SIKI BHU3HAYAIOTh HAOIp [Iiid,
BUKOHYBAHUX IMPYU BUHUKHEHHI MIEBHOT CUTYaIIii.

[IpaBuna ckiagarThCs 3 YMOBH Ta Aii:

SAKIIO

<ymoBa 1> 1 .. 1 <ymoBa N> BHUKOHYIOThCA,
TO

BUKOHATH <mito 1> 1 ... 1 <miro N>

YMoBa (aHTHIIEJIEHT) 3aMHUCYeEThCs Tichs kiarouoBoro ciosa SAKIIO,
T0OTO II¢ JiBa yacTuHa mnpaBuia abo LHS nmpasuna (left-hand side of rule).
YMOBa 3MHUCYEThCS SK MHOXKHHA (DAKTIB, NPHUCYTHICTh SKHX O3HAYa€e

BHUKOHAaHHs YMOBH.


https://sourceforge.net/projects/clipsrules/files/CLIPS/6.31/
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Jisg (KOHCHKBEHT) IpaBUJia 3alUCY€EThCS MICH KIIF0YoBOro cioa TO,
ToOTO I TpaBa yacTuHa TpaBuia a0o RHS mpaeuna (right-hand side of
rule).

k1o yMoBa B JiBI YaCTUHI MpaBUjia BUKOHYETHCS, TO Bi10YyBa€ThCS
aKTHBI3alllsl TMpaBWja 1 BHUKOHYIOThCA BCl [1i, 3amMcaHi B HOro mnpasiil
yacTUHI. B 1HIIOMY BUIIAAKy IPABUIIO HE aKTUBI3YETHCS.

J1Jist OroJIONIeHHS 1 10JJaBaHHs HOBUX MpaBuil B b3 BUKOPUCTOBYETHCS
koHCTpyKTOp defrule. CuHTakcuyHa cxemMa KOHCTPYKTOpPA HACTYITHA!

(defrule <imsa_npaBuna>
[<"HEOoOOB’s13KOBUI _KOMEHTap"> |
[<HE0OOB’sI3K0BE BU3HAUCHHS BIACTUBOCTEN IMpaBHIa™ |

<ymoBa_1> ; J1IBa YaCTUHA MpaBUIIa

<yMoOBa_m>

=> ; CIIeIlaJbHUI CUMBOJI
<mig_1> ; IpaBa 4YaCTUHA MpaBUiIa
<misg_n>).

Jns moainy mpaBoi 1 JIBOI YAaCTMHM TPAaBUJI BUKOPUCTOBYETHCS
crHerlajbHUi CUMBOJI =>.

Bci ymoBM B JiBiil 4yacTHHI mpaBujia 00'€IHYIOTHCS 3a JIOMOMOTOIO
HEsSBHOTO JIoT14HOTO omeparopa AND. Skmio B miBiii 4acTWHI MpaBujiia HE
BKa3aHO H1 0JWH YMOBHHUI1 enemeHT, CLIPS aBTOMaTnuHO miACTaBiIs€ YMOBY-
3pa3ok initial-fact. Takum 4MHOM, MPABUIIO AKTUBI3ZYETHCS KOXKEH pa3 MpHU
nosiBi B b3 ¢axkry initial-fact.

Posrianemo npuknan npasuna «color diamond colorlessy:
(defrule color_diamond_colorless

(declare (salience 100))
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(color_colorless)

=>

(assert (color_diamond))
(printout t "color_diamond" crlf)
)

Bnacrusicte salience (y aiamazoni Big -10000 mo 10000) mo3Bosisie
KOPUCTYBa4eBl MpU3HAYATH MEBHUU MPIOPUTET AJIA CBOIX MpaBwi. Yum
O1IBIIIE YKCIIO, IO BU3HAYAE TIPIOPUTET, TUM BHIIIEC MPIOPUTET Y MIPaBUIIA.

[IpaBuno axtuBi3yeThcs, skmo B EC Oyae mnpucyTHIM Qakt
(color colorless). Ilpu akTuBi3alii NnpaBuiaa KOMAaHAOK assert J0Ma€ThCs
HoBUM ¢akT (color diamond) 1 BUBOaUTHCS moBioMIIeHHs «color diamond».

IcHye BicCiM THUIIB YMOBHUX €JIEMEHTIB, BUKOPHUCTOBYBaHUX B JIBIi
yacTUHI IpaBui. Po3risiHeMo JeTanbHille TpU YMOBHI €JIEMEHTH:

* YMoBa and 3acTOCOBY€ThCA AJII BU3HAUEHHS TPYMH YMOB, KOXKHA 3
SKO1 MOBUHHA OYTHU 33JI0BUIBHOIO.

* YMoBa or — s BU3HAYCHHs OJIHI€ET YMOBHU 3 JIESKOIO TPYIH, sIKa
MOBHWHHA OyTH 3a7]0BIJIHHOIO.

 YMoBa not — i BU3HAYEHHS YMOBHU, sIka HE IOBHHHa OyTH
3aJI0BUIBHOIO.

@®akTu MOXYTh OyTH J0AaHI B CHUCOK (akTiB (BUKOPHUCTOBYIOUU
dbyHKIII0 assert), BUAAJICHI 3 HHOTO (BUKOPUCTOBYHOYM (YHKIIIIO retract),
3MiHeH1  (BukopucToByoun  ¢yHKmito modify) abo  ckomiiioBaHi
(BukopuctoBytouu ¢yHkiito duplicate).

Kpim siBHO 3amanux ¢aktiB, CLIPS Takox aBTOMaTtuyHO J00aBIis€
Harepe/l BU3HAYCHHWM KopucTyBaueM abo mporpamoro ¢akt (initial-fact),

KOXKHOTO pa3y NpHv BUKOHAHHI KOMaHAM (reset).
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Jljist criocTepeskeHHsT 32 MPOILIECOM JI0JaBaHHs, BUJIAJEHHA a00 3MIHU
¢dakTiB HEOOXITHO BHUKJIMKATH IyYHKT MeHIO Execution omiiro Watch 1
BCTAHOBUTH TMpaIopels B MyHKTI MeHIO «Factsy.

[Ipu 3amycky mnporpamu, sika MICTUTh MHOXHMHY (akTiB 1 MpaBuII,
inTepnperarop CLIPS 3anmyckae MammuHy JIOTIYHOIO BHUBEICHHA, SKa
3'COBY€, SIKI 3 MpaBUJl MOKHA aKTHUBI3yBaTH. Lle BHKOHY€TbCA LUKIIYHO,
MPUYOMY KOXKEH IIUKII CKIIAJIA€ThCA 3 TPhOX KPOKIB:

— 3icTaBjeHHs (aKTiB 1 MPaBUI;

—- BUOIp MpaBuiIa, 110 MIJIsArae akTUBI3AIlli;

— BUKOHAHHSI Jii, mepe10aueHuX MpaBUIOM.

Mosa CLIPS 6.3 miaTpumye ciM Ppi3HUX CTpaTerii BUpPILIEHHS
KoH(]IIKTIB: cTpareria rauounu (depth strategy), crpateris mupunu (breadth
strategy), cTpaTeris cupoleHHs (simplicity strategy), cTpareris ycKiiaJHEeHHS
(complexity strategy), LEX (LEX strategy), MEA (MEA strategy) 1
BUNagkoBa crpareria (random strategy). 3a 3amoBuyBaHHsiM B CLIPS
BCTAHOBJICHA CTpaTeris TIMOWHU, 3TIIHO 3 SKOK  IIOMWHO AaKTHBOBAHE
MIPaBUJIO MOMIIIAETHCS BUINE BCIX MPABUII 3 TAKUM K€ TIPIOPUTETOM.

HeobOxinna crpareris Mmoxe Oytu oOpaHa B MeHio Execution y myHKTI
Options 3a qomoMoroxo crucky Strategy.

Ha3su ¢aktie 1 npaBun y CLIPS notpiOHO BBOAMTH Ha aHTIINACHKIN

MOBI.

3.3.6 CTBOpeHHs mporpamMmu

Matouu noriyHo copMoBaHi (pakTy Ta mpaBuiIa, pO3po0JIEHO MPOrpamy IJIst
HaJaHHS peKoMeHaamii. JIiICTHHTY IPUBOIATHCS Y A0IaTKAX.

B mporeci pobotu BHHHKIA HEOOXITHICTH BIJOOpa3UTHU JEKUTbKA PI3HUX
BepcCiii 4yepe3 Te, M0 BOHUW MaloTh JACHIO Pi3HY cTaOuIbHICTh. Hurkde crodaTky
MIPUBOJUTHCS HAWOUIbI cTablIbHA BEpcCis, siKa, OJHAK HE JyKe€ KOPEKTHO CIiaye

32 BU3HAYEHOIO JIOTIKOKO.
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BuBin nporpamu npu 3amycky (run) micist BBoAy ogHoro ¢akty (puc. 3.33).

& Dialeg Window EI B3
Defining defrule: rule3é +j+j ”
FRLSE

CLIPS> (assert (evenly-distributed-camera-positions))

<Fact-1>

CLIPS> (run)

Ho additional actions regquired.

CLIPS> (facts)

f-0 (initial-fact)

£f-1 (evenly—distributed-camera-positions)

£-2 {(high-3D-model-gqualitcy)

f-3 (high-3D-model-point-count)

f-4 {high-model-lighting)

f-= (high-model-construction-speed)

For a total of & facts.

CLIPS> v
< >

Puc. 3.33. Tepminan CLIPS

Ha pucyHKy BUKOPHCTOBYETbCS MOYATKOBAa BEpCis MpOrpamu, sika Ji€ 3a
JIOTIKO0, BU3HaueHow pawxime. [licns BBoay Qaiiny 3 mpaBuiaMu, BUKOHYETHCS
BBOJ (hakTy uepe3 koMaHAay (assert (...)), MIiCIsS 4YOTO IMporpaMa 3alyCKaeTbCs.
Ockinbku ¢akt Bianosinae npasuwiry Nel, nporpama Bunae «No additional actions
required». Jlam komanmoro (facts) BUBOAMTBCA CMUCOK (hakTiB, KI Iporpama
BBEJIa, BiipearyBaBIly Ha (PaKT KOPUCTyBaya.

OT1xe, mporpama 4acTKOBO CIIIIYE 3a BU3HAYEHOIO pPaHIIIE JIOT1IKOK: BBECTU
OJIMH (paKT-yMOBY, OTPUMATH HACIIAKH, BUBECTH pexomeHAallito. [Ipu npomy cami
HACliJIKU Hl J€ HE BHUKOPHUCTOBYIOTHCS, a IIPOCTO 3amamM STOBYIOTHCS, a
pEeKOMeH1allli MPUB’sA3aH1 cKopile 10 (PaKTiB-yMOB.

Hami #iayTe 1HII TOporpaMu 3 ONIIOHATBHUMHU  HaJUIAMITYBAaHHIMHU

(puc. 3.34).



€ Dialog Window

(retract (initial-fact
FALSE
CLIPS> (assert (gquality-low))
<Fact-1>
CLIPS> (assert (point-count-1low)

)

<Fact-2>

CLIPS> (assert (model-lighting-low))

<Fact-3>

CLIPS> (assert (model-construction-speed-low))
<Fact-4>

CLIPS> (run)

Initializing the expert system...
CLIPS> (facts)

£-0 (initial-fact)

£-1 (gquality-low)

£-2 (point-count-1low)

£-3 (model-lighting-low)

f-4 (model-construction-speed-low)

£-5 (Decision (action "Reposition the cameras for even coverage of the object."™))

f-e (Decision (action "Capture photos of the object from all wviews to improve model guality.™))

£-7 (Decision (action "Ensure the object of interest is always in focus to improve the model guality.™))
f-8 (initial-facts)

For a total of S facts.

CLIPS> (run)

Recommendation: Ensure the object of interest is always in focus to improve the model gquality.
Recommendation: Capture photos of the object from all views to improve model quality.
Recommendation: Reposition the cameras for even coverage of the object.
Recommendations:

— Reposition the cameras for even coverage of the okject.

— Capture photos of the object from all views to improve model quality.

— Ensure the object of interest is always in focus to improve the model qualicy.
Total recommendations: 4

crres> I

<

Puc. 3.34. JIpyra Bepcis nporpamu

Ile ocranHs, HaWOIbII «TEXHOJOTIYHA» Bepcisd. Mae OuUIbIl yCKIaAHEHY

[{s mporpama HalOIBII TOYHO BIAMOBIJIAE JIOTII TPABHIL.

Jlami HaBOAMTHCS TPETsI, crpolieHa Bepcis (puc. 3.35).

€ Dialog Window == =

Defining defrule: rule2 +3j+j ~
Defining defrule: rule3 +j+j

Defining defrule: ruled +j+j

Defining defrule: decision-rule +j+3j

Defining defrule: print-recommendations +j+3

[CSTRCPSR1] Expected the beginning of a construct.
FALSE

CLIPS> (assert (lack-of-external -model-texturing)
<Fact-1>

CLIP5> (run)

Recommendations:

— Add external texturing to the model.

— Improve the lighting of the model.

— Improve the gquality of the 3D model.

Total recommendations: 4

CLIPS=>

< >

Puc. 3.35. Tpers Bepcist mporpamu

JIOTIKY: PpEKOMEHJallli Temep BIACTEXYIOTbca sK pimeHHs («Decisiony)
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i

TPYNYIOTBCA Y COUCOK. TakoX 4acTKOBO MPUCYTHIA MOHITOPUHT cHcTeMH. Ternep
BCl TpaBuia 00OOB’S3KOBO 0a3ylOThCsl Ha JEKUIBKOX (DakTax-yMoBax, a (akTu

HACJIIJIKM 3aram’ ITOBYIOThCS ITPOTPaMolo 1 BXKE€ Ha HUX BUJIAIOTHCS PEKOMEHAAIT].
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[To ckmagHOCTI BOHA 3HAXOAUTHCA MIK MEpIIol0 Ta Apyroro. TyT mpaBuia
3HOBY BIJIITOBXYIOTHCS BiA JHIIE OAHOTO (aKTy-yMOBH, pEKOMaHJAIll
nepeTBOprooThea Ha Decision 1 Takox rpynytoThes. BincytHiit monitop CIIP,
JIOTiKa 3aJ]0BUTHHIETHCS TIOBHICTIO.

Taka Bepcist O1IbII cTablIbHA, HIXK JApyra Ta MOXKe OyTH BUKOpHCTaHa JJIs

noAanbInoi Moaudikarii.

BucHoBok 10 po3aiiay 3

[Mporpamoro 3DF Zephyr Oyio cTBOpeHO W’ATh TPUBHUMIPHUX MOJEIEH
pI3HHX 00’€KTIB Ta MpHU PI3HUX MapaMeTpax moOyaAoBH. 3poOJE€HO BUCHOBOK IO
HEraTUBHUU BIUIMB Ha SKICTb MOJEJI IJVIAJKUX 1 HaMiBOPO30pUX IOBEPXOHb,
CWJIBHOTO 3aTiHeHHs. Ha 0CHOBI OTpMMaHOro A0CBiAY po3podieHo Hallp (akTiB 1
npaBui s ekcreptHoi cuctemu y cepemouini CLIPS. 3aBmsku excmeptHiii
CUCTEMI MOXJIMBO OTPUMYBATH PEKOMEHJALT JJi MOKPAIIEHHS SKOCTI MO0y 10BH

TPUBUMIPHUX MOJIETIEN.
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BUCHOBKU

3a pomomoroio mnporpamu 3DF Zephyr noGynoBaHo TpUBUMIpHI MoOAeIl
00’ekTiB MeTogoM (Qororpammerpii.  AHali3 MOOYJOBaHMX TPUBUMIPHUX
MOJIeJIeH MoKa3aB, [0 B HUX MPHUCYTHI NIEBHI apTe(aKTH.

[Tporpamoro 3DF Zephyr 6ys10 cTBOpeHO IT’SATh TPUBUMIPHUX MOJECICH Pi3HUX
00’€KTIB Ta TIPU PI3HUX IMapaMeTpax MOOya0BU. 3poOJEHO BHCHOBOK TIPO
HETaTUBHUN BIUIMB Ha SIKICTh MOJENI TJIAJKUAX 1 HaMiBIPO30PUX MOBEPXOHB,
CHJIBHOTO 3aTIHEHHS.

Po3pobneno iHdopmarliiiiny cucTeMy JJIi  JIOIOMOTHM TPU  CTBOPEHHI
TPUBUMIPHUX Mojened. Ha ocHOBI oTpUMaHOro JOCBiTYy po3pobsieHO Habip
¢akriB 1 npaBui s CIIP y cepenoBumi CLIPS. Po3po6ieno nporpamy, sika
aBTOMATHYHO BHaBa€ PEKOMEH/IAIlii IPX BBOJII BIAMOBIIHKUX MPpooOsieM ((hakTiB)
Ta BIJICTEXKYE PIIIICHHS KOPUCTYyBaua (B AESKUX BEPCIAX MPOTPAMH).

3aBasgku CIIP MOXIMBO OTpUMYBAaTH PEKOMEHJAI] JJIs MOKPAIIEHHS SKOCTI

noOyI0BU TPUBUMIPHUX MOJIEIICH



69

CIIMCOK BUKOPUCTAHUX IKEPEJI

. Kynpisauuk [.I1. ®oTorpamMmmeTpist Ta TUCTAHIIIHHE 30HyBaHHS: HaBY. MOCIO.
s crya. Buiml. HaBd. 3aki. // LII. Kympisaumk, €.B. byrenko. — K.: MBI
«Meniadopm», 2013. — 392 c.

. 3DF  Zephyr. The Complete Photogrammetry  Solution. URL:
https://www.3dflow.net.

. Pubanpuenxko M.O. IudpoBa oOpoOka curHaniB. HaBuyanbHUIl 1mOCIOHUK /
M.O. Pubanpuenko, O.I1. €ropos, B.b. 3Bopukin. — Jlainpo: HMetAY, 2018. —
79 c. — https://nmetau.edu.ua/file/navchalniy_posibnik_tsos.pdf

. BoBk C.M. Metonu 06poOku 300pakeHb Ta KOMIT'FOTEpHUH 31p : HaBY. MOCi0. /
C.M. Bogk, B.B. I'narymenko, M.B. bonnapenko; /[Hinponerp. Hal. YH-T IM.
Omnecs ['onuapa. — [JuinponerpoBchk : Jlipa, 2016. —147 c.

. Kerem Kargm. Computer Vision Fundamentals and OpenCV Overview. URL:
https://medium.com/mlearning-ai/computer-vision-fundamentals-and-opencv-
overview-9a30fe94f0ce

. Gonzalez R. Digital image processing / R. Gonzalez, R. Woods. — 4th edidion,
Pearson/ Prentice Hall, NY, 2018. — 1192 p.

. Koncnekr nekmii 3 HaByalbHOI JaucHMILUTHE «KOMIT'IOTEpHI CHCTEMH
mTy4yHoro iHTenekty» / ykinan.. C.B. banoscak, X.C. Opaiicbka. YepHiBui:
YHY, 2022. - 175 c.

. KoMmm’toTepHi cucTeMH IUITYy4HOrO IHTENEKTY: METOJIWYHI BKAa3IBKU [0
naboparopuux po0it / ykian.: C.B. banoscsk, X.C. Onaiiceka. Uepnisui: YHY,
2022. - 96 c.

. CaBuenko A.C. Meronu Ta cuCTeMH IITY4HOro iHTenekTy: Hapu. mociOHUK /

A.C. CaBuenko, O. O. CunensnikoB. — K. : HAVY, 2017. — 190 c.

10.111axoBcbka H. b. Cuctemu mITy4yHOrO I1HTENEKTY: HaBYAJbHUN MOCIOHUK /

H.b. IllaxoBceka, P. M. Kamincekuii, O. b. BoBk. — JIpBiB : BumaBHUIITBO

JIpBiBCBKOI nommTexHikH, 2018. — 392 c.



70

11.A Tool for Building Expert Systems. [Enextponnuii pecypc] — Pexum
nocrymy: http: // clipsrules.sourceforge.net/

12.Artificial Intelligence. A Modern Approach : Fourth Edition / Ed. S. Russell,
P.Norvig. — Pearson Education, 2021. — 1069 p. — http://aima.cs.berkeley.edu.



JOIJATKH
Jonatok A. JlicTHHIM porpamMu

Jlictunr 1. Ilepmra Bepcis

(defrule rulel
(declare (salience 100))
(evenly-distributed-camera-positions)
=>
(assert (high-3D-model-quality))
(assert (high-3D-model-point-count))
(assert (high-model-lighting))
(assert (high-model-construction-speed))
(printout t "No additional actions required." crlf)

)

(defrule rule2
(declare (salience 100))
(unevenly-distributed-camera-positions)
=>
(assert (low-3D-model-quality))
(assert (low-3D-model-point-count))
(assert (low-model-lighting))
(assert (low-model-construction-speed))
(printout t "Reposition the cameras for even coverage of the object." crlf)

)

(defrule rule3
(declare (salience 100))
(low-number-of-photos)
=>
(assert (low-3D-model-quality))
(assert (low-3D-model-point-count))
(assert (low-model-lighting))
(assert (low-model-construction-speed))
(printout t "Increase the number of photos for a more detailed model." crlf)

)

(defrule ruled
(declare (salience 100))
(medium-number-of-photos)
=>
(assert (medium-3D-model-quality))
(assert (medium-3D-model-point-count))
(assert (medium-model-lighting))
(assert (medium-model-construction-speed))
(printout t "Add additional photos to improve the quality of the model." crlf)

)

(defrule rule5
(declare (salience 100))
(low-photo-resolution)
=>
(assert (low-3D-model-quality))
(assert (low-3D-model-point-count))
(assert (low-model-lighting))
(assert (low-model-construction-speed))
(printout t "Use higher resolution photos for a more detailed model." crlf)

)

(defrule rule6
(declare (salience 100))
(high-photo-resolution)
=>
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(assert (high-3D-model-quality))

(assert (high-3D-model-point-count))

(assert (high-model-lighting))

(assert (high-model-construction-speed))

(printout t "Use photos with high resolution for a more detailed model." crlf)

)

(defrule rule7
(declare (salience 100))
(low-frame-overlap)
=>
(assert (low-3D-model-quality))
assert (low-3D-model-point-count))
assert (low-model-lighting))
assert (low-model-construction-speed))
printout t "Increase the frame overlap for a more complete model." crlf)

— e~ —~ —

)

(defrule rule8
(declare (salience 100))
(high-frame-overlap)
=>
(assert (high-3D-model-quality))
(assert (high-3D-model-point-count))
(assert (high-model-lighting))
(assert (high-model-construction-speed))
(printout t "Reduce the frame overlap to improve the quality of the model." crlf)

)

(defrule rule9
(declare (salience 100))
(photos-from-all-angles)
=>
(assert (high-3D-model-quality))
(assert (high-3D-model-point-count))
(assert (high-model-lighting))
(assert (high-model-construction-speed))
(printout t "No additional actions required." crlf)

)

(defrule rule10
(declare (salience 100))
(photos-missing-from-some-angles)
=>
(assert (low-3D-model-quality))
(assert (low-3D-model-point-count))
(assert (low-model-lighting))
(assert (low-model-construction-speed))
(printout t "Capture photos of the object from all angles to improve the model quality." crlf)

)

(defrule rule1l
(declare (salience 100))
(object-in-center-of-frame)
=>
(assert (high-3D-model-quality))
(assert (high-3D-model-point-count))
(assert (high-model-lighting))
(printout t "Place the object in the center of the frame for a more accurate and balanced model." crlf)
)
(mocnigxyBaHMIt 06’€KT He B LEeHTpPi Kaapy)
clips
Copy code
(defrule rule12
(declare (salience 100))
(object-not-in-center-of-frame)
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=>
(assert (low-3D-model-quality))

(assert (low-3D-model-point-count))

(assert (low-model-lighting))

(printout t "Position the object in the center of the frame to improve the model quality." crlf)

)

(defrule rule13
(declare (salience 100))
(object-in-focus)
=>
(assert (high-3D-model-quality))
(assert (high-3D-model-point-count))
(assert (high-model-lighting))
(printout t "Ensure that the object is always in focus for a more detailed model." crlf)

)

(defrule rule14
(declare (salience 100))
(object-out-of-focus)
=>
(assert (low-3D-model-quality))
(assert (low-3D-model-point-count))
(assert (low-model-lighting))
(printout t "Ensure that the object is always in focus to improve the model quality." crlf)

)

(defrule rule15
(declare (salience 100))
(object-takes-less-space)
=>
(assert (low-3D-model-quality))
(assert (low-3D-model-point-count))
(assert (low-model-lighting))
(printout t "Fill the frame with the object to get a more detailed model." crlf)

)

(defrule rulel6
(declare (salience 100))
(object-takes-more-space)
=>
(assert (high-3D-model-quality))
(assert (high-3D-model-point-count))
(assert (high-model-lighting))
(printout t "Position the object to occupy more space in the frame for a more detailed model." crlf)

)

(defrule rule17

(declare (salience 100))

(moving-objects-in-frame)

=

(assert (low-3D-model-quality))

(assert (low-3D-model-point-count))

(assert (low-model-lighting))

(printout t "Remove moving objects from the frame or use special techniques to correct for moving objects to improve the
model quality." crlf)

)

(defrule rule18
(declare (salience 100))
(untextured-surfaces-present)
=>
(assert (low-3D-model-quality))
(assert (low-3D-model-point-count))
(assert (low-model-lighting))
(printout t "Reduce the area of untextured surfaces or apply texturing methods to enhance the model quality." crlf)



)

(defrule rule19
(declare (salience 100))
(transparent-surfaces-present)
=>
(assert (low-3D-model-quality))
(assert (low-3D-model-point-count))
(assert (low-model-lighting))
(printout t "Reduce the area of transparent or translucent surfaces to achieve a more accurate model." crlf)

)

(defrule rule20

(declare (salience 100))

(mirror-like-surfaces-present)

=>

(assert (low-3D-model-quality))

(assert (low-3D-model-point-count))

(assert (low-model-lighting))

(printout t "Reduce the area of mirror-like surfaces or apply specialized techniques for modeling such surfaces with high
quality." crlf)
)

(defrule rule21
(declare (salience 100))
(image-noise-present)
=>
(assert (low-3D-model-quality))
(assert (low-3D-model-point-count))
(assert (low-model-lighting))
(printout t "Apply noise reduction techniques to improve the model quality when there is noise present in the image." crlf)

)

(defrule rule22
(declare (salience 100))
(glare-or-reflections-present)
=>
(assert (low-3D-model-quality))
(assert (low-3D-model-point-count))
(assert (low-model-lighting))
(printout t "Apply glare or reflection compensation methods to improve the model quality and reduce their impact." crlf)

)

(defrule rule23
(declare (salience 100))
(direct-artificial-lighting-present)
=
(assert (high-3D-model-quality))
(assert (high-3D-model-point-count))
(assert (high-model-lighting))
(printout t "Use direct artificial lighting to achieve a more accurate and detailed model." crlf)

)

(defrule rule24
(declare (salience 100))
(insufficient-light-sources)
=>
(assert (medium-3D-model-quality))
(assert (medium-3D-model-point-count))
(assert (medium-model-lighting))
(printout t "Ensure an adequate number of light sources in the frame to improve the model quality." crlf)

)

(defrule rule25
(declare (salience 100))
(direct-sunlight-present)
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=

(assert (low-3D-model-quality))

(assert (low-3D-model-point-count))

(assert (low-model-lighting))

(printout t "Reduce the impact of direct sunlight in the frame or use compensation methods to improve the model quality."
crlf)
)

(defrule rule26
(declare (salience 100))
(diffuse-lighting-present)
=>
(assert (high-3D-model-quality))
(assert (high-3D-model-point-count))
(assert (high-model-lighting))
(printout t "Use diffuse lighting to achieve a more even and soft illumination of the model." crlf)

)

(defrule rule27

(declare (salience 100))

(low-master-parameters)

=>

(assert (low-3D-model-quality))

(assert (low-3D-model-point-count))

(assert (low-model-lighting))

(printout t "Increase the values of the master parameters for 3D model construction to obtain a more detailed and accurate
model." crlf)

)

(defrule rule28

(declare (salience 100))

(default-master-parameters)

=>

(assert (medium-3D-model-quality))

(assert (medium-3D-model-point-count))

(assert (medium-model-lighting))

(printout t "Set the master parameters for 3D model construction to optimal values to achieve a balance between model
quality and construction speed." crlf)

)

(defrule rule29

(declare (salience 100))

(high-master-parameters)

=>

(assert (high-3D-model-quality))

(assert (high-3D-model-point-count))

(assert (high-model-lighting))

(printout t "Apply high values for the master parameters for 3D model construction to achieve the highest quality and level of
detail in the model." crlf)

)

(defrule rule30

(declare (salience 100))

(texture-issues-present)

=>

(assert (low-3D-model-quality))

(assert (low-3D-model-point-count))

(assert (low-model-lighting))

(printout t "Check the presence and quality of textures to improve the visual appearance of the model. Apply texture
corrections or add details if necessary." crlf)

)

(defrule rule31
(declare (salience 100))
(incorrect-model-scaling)
=>
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(assert (medium-3D-model-quality))

(assert (medium-3D-model-point-count))

(assert (medium-model-lighting))

(printout t "Check the scaling of the model and ensure it corresponds to the real-world proportions. Adjust or change the
scaling if necessary to achieve correct proportions and visual appearance."” crlf)

)

(defrule rule32

(declare (salience 100))

(incompatible-file-formats)

=>

(assert (medium-3D-model-quality))

(assert (medium-3D-model-point-count))

(assert (medium-model-lighting))

(printout t "Ensure that all file formats used for the model and textures are compatible with each other. Convert file formats
or ensure their compatibility for proper model rendering." crlf)

)

(defrule rule33
(declare (salience 100))
(insufficient-object-detail)
=>
(assert (low-3D-model-quality))
(assert (low-3D-model-point-count))
(assert (low-model-lighting))
(printout t "Add more points and details to individual objects in the model to improve their appearance and realism." crlf)

)

(defrule rule34
(declare (salience 100))
(shadows-missing)
=>
(assert (medium-3D-model-quality))
(assert (medium-3D-model-point-count))
(assert (medium-model-lighting))
(printout t "Add realistic shadows to the model to enhance its visual appearance and simulate lighting effects." crlf)

)

(defrule rule35

(declare (salience 100))

(object-overlapping)

=

(assert (low-3D-model-quality))

(assert (low-3D-model-point-count))

(assert (low-model-lighting))

(printout t "Check for object overlapping in the model, which can distort their appearance. Adjust the position or size of
objects if necessary to achieve a more accurate representation." crlf)

)

(defrule rule36

(declare (salience 100))

(incorrect-model-size)

=>

(assert (medium-3D-model-quality))

(assert (medium-3D-model-point-count))

(assert (medium-model-lighting))

(printout t "Verify the size of the model and its suitability for the project requirements. Change the model size if necessary to
achieve the desired proportions and scale." crlf)

)

Jlictunr 2. Jlpyra Bepcis

(deftemplate Decision
(slot action)

)



(deffacts initial-facts

)

(defrule rulel
(declare (salience 100))
(not (inconsistent-facts))
quality-high)
(point-count-high)
(model-lighting-high)
model-construction-speed-high)
=>
assert (Decision (action "No additional actions required.")))

)

(defrule rule2
(declare (salience 100))
(not (inconsistent-facts))
(quality-low)
(point-count-low)
(model-lighting-low)
(model-construction-speed-low)
=>
(assert (Decision (action "Reposition the cameras for even coverage of the object.")))

)

(defrule rule3
(declare (salience 100))
(not (inconsistent-facts))
(point-count-low)
(model-lighting-low)
(model-construction-speed-low)
(test (< (count-facts ((?f Photo)) TRUE) 25))
=>

(assert (Decision (action "Increase the number of photos to obtain a more detailed model.")))

)

(defrule rule4
(declare (salience 100))
(not (inconsistent-facts))
(point-count-low)
(model-lighting-low)
(model-construction-speed-low)
(test (>= (count-facts ((?f Photo)) TRUE) 25))
=>
(assert (Decision (action "Add additional photos to improve the quality of the model.")))

)

(defrule rule5
(declare (salience 100))
(not (inconsistent-facts))
(point-count-low)
(model-lighting-low)
(model-construction-speed-low)
(test (or (< (image-resolution-low) 3000) (< (image-resolution-low) 3000)))
=>
(assert (Decision (action "Use higher-resolution photos for a more detailed model.")))

)

(defrule rule6
(declare (salience 100))
(not (inconsistent-facts))
(point-count-low)
(model-lighting-low)
(model-construction-speed-low)
(test (and (>= (image-resolution-low) 3000) (>= (image-resolution-low) 3000)))
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=>
(assert (Decision (action "Use high-resolution photos for a more detailed model.")))

)

(defrule rule7

(declare (salience 100))

(not (inconsistent-facts))

(point-count-low)

(model-lighting-low)
(model-construction-speed-low)

test (< (frame-overlap) 60))
=>

assert (Decision (action "Increase frame overlap for a more complete model.")))

)

(defrule rule8
(declare (salience 100))
(not (inconsistent-facts))
(point-count-low)
(model-lighting-low)
(model-construction-speed-low)
(test (>= (frame-overlap) 60))
=>
(assert (Decision (action "Reduce frame overlap to improve model quality.")))

)

(defrule rule9
(declare (salience 100))
(not (inconsistent-facts))
(point-count-high)
(model-lighting-high)
(model-construction-speed-high)
(all-views-captured)
=>
(assert (Decision (action "No additional actions required.")))

)

(defrule rule10
(declare (salience 100))
(not (inconsistent-facts))
(point-count-low)
(model-lighting-low)
(model-construction-speed-low)
(not (all-views-captured))
=>
(assert (Decision (action "Capture photos of the object from all views to improve model quality.")))

)

(defrule rule11
(declare (salience 100))
(not (inconsistent-facts))
(quality-high)
(point-count-high)
(model-lighting-high)
(test (object-in-center))
=>
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(assert (Decision (action "Place the object of interest in the center of the frame for a more accurate and balanced model.")))

)

(defrule rule12
(declare (salience 100))
(not (inconsistent-facts))
(quality-low)
(point-count-low)
(model-lighting-low)
(test (not (object-in-center)))
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=>
(assert (Decision (action "Place the object of interest in the center of the frame to improve the model quality.")))

)

(defrule rule13
(declare (salience 100))
(not (inconsistent-facts))
(quality-high)
(point-count-high)
(model-lighting-high)
object-in-focus)
=>
assert (Decision (action "Ensure the object of interest is always in focus for a more detailed model.")))

)

(defrule rule14
(declare (salience 100))
(not (inconsistent-facts))
(quality-low)
(point-count-low)
(model-lighting-low)
(not (object-in-focus))
=>
(assert (Decision (action "Ensure the object of interest is always in focus to improve the model quality.")))

)

(defrule rule15
(declare (salience 100))
(not (inconsistent-facts))
(quality-low)
(point-count-low)
(model-lighting-low)
(object-occupies-less-area)
=>
(assert (Decision (action "Maximize the object coverage in the frame for a more detailed model.")))

)

(defrule rulel6
(declare (salience 100))
(not (inconsistent-facts))
(quality-high)
(point-count-high)
(model-lighting-high)
(object-occupies-more-area)
=>
(assert (Decision (action "Position the object of interest to occupy more area in the frame for a more detailed model.")))

)

(defrule rule17
(declare (salience 100))
(not (inconsistent-facts))
(quality-low)
(point-count-low)
(model-lighting-low)
(moving-objects-present)
=>
(assert (Decision (action "Remove moving objects from the frame or use special techniques to correct for moving objects for

better model quality.")))

)

(defrule rule18
(declare (salience 100))
(not (inconsistent-facts))
(quality-low)
(point-count-low)
(model-lighting-low)
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(non-textured-surfaces-present)
=>
(assert (Decision (action "Reduce the area of non-textured surfaces or apply texturing methods to improve model quality.")))

)

(defrule rule19

(declare (salience 100))

(not (inconsistent-facts))

(quality-low)

(point-count-low)

(model-lighting-low)
transparent-surfaces-present)
=>

assert (Decision (action "Reduce the area of transparent or semi-transparent surfaces for a more accurate model.")))

)

(defrule rule20
(declare (salience 100))
(not (inconsistent-facts))
(quality-low)
(point-count-low)
(model-lighting-low)
(reflective-surfaces-present)
=>
(assert (Decision (action "Reduce the area of highly reflective surfaces or use special methods to model such surfaces with high
quality.")))
)

(defrule rule21
(declare (salience 100))
(not (inconsistent-facts))
(quality-low)
(point-count-low)
(model-lighting-low)
(image-noise-present)
=>
(assert (Decision (action "Apply denoising techniques to improve model quality in the presence of image noise.")))

)

(defrule rule22
(declare (salience 100))
(not (inconsistent-facts))
(quality-low)
(point-count-low)
(model-lighting-low)
(glare-or-reflection-present)
=>
(assert (Decision (action "Apply glare or reflection compensation methods to improve model quality and reduce their
impact.")))
)

(defrule rule23
(declare (salience 100))
(not (inconsistent-facts))
(quality-high)
(point-count-high)
(model-lighting-high)
(direct-artificial-lighting-present)
=>
(assert (Decision (action "Use direct artificial lighting to achieve a more accurate and detailed model.")))

)

(defrule rule24
(declare (salience 100))
(not (inconsistent-facts))
(quality-medium)
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(point-count-medium)

(model-lighting-medium)

(insufficient-light-sources)

=>

assert (Decision (action "Ensure an adequate number of light sources in the frame to improve model quality.")))

)

(defrule rule25
(declare (salience 100))
(not (inconsistent-facts))
(quality-low)
(point-count-low)
(model-lighting-low)
direct-sunlight-present)
=>
(assert (Decision (action "Reduce the impact of direct sunlight in the frame or use compensation methods to improve model
quality.")))
)

(defrule rule26
(declare (salience 100))
(not (inconsistent-facts))
(quality-high)
(point-count-high)
(model-lighting-high)
(diffuse-lighting-present)
=>
(assert (Decision (action "Use diffuse lighting to achieve a more uniform and soft illumination of the model.")))

)

(defrule rule27
(declare (salience 100))
(not (inconsistent-facts))
(quality-low)
(point-count-low)
(model-lighting-low)
(low-master-builder-parameters)

=>
(assert (Decision (action "Increase the values of the master builder parameters to obtain a more detailed and accurate
model.")))

)

(defrule rule28

(declare (salience 100))

(not (inconsistent-facts))

(quality-medium)

(point-count-medium)

(model-lighting-medium)

(default-master-builder-parameters)

=>

(assert (Decision (action "Set optimal values for the master builder parameters to achieve a balance between model quality
and construction speed.")))

)

(defrule rule29
(declare (salience 100))
(not (inconsistent-facts))
(quality-high)
(point-count-high)
(model-lighting-high)
(high-master-builder-parameters)
=>
(assert (Decision (action "Apply high values for the master builder parameters to achieve the highest model quality and level
of detail.")))
)
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(defrule rule30

(declare (salience 100))

(not (inconsistent-facts))

(quality-low)

(point-count-low)

(model-lighting-low)

(texture-issues-present)

=>

(assert (Decision (action "Check for the presence and quality of textures to improve the visual appearance of the model. Apply
texture corrections or add details if necessary.")))

)

(defrule rule31

(declare (salience 100))

(not (inconsistent-facts))

(quality-medium)

(point-count-medium)

(model-lighting-medium)

(incorrect-model-scaling)

=>

(assert (Decision (action "Check the scaling of the model and ensure it corresponds to real-world proportions. Restore or
modify the scale if necessary to achieve correct proportions and appearance.")))

)

(defrule rule32

(declare (salience 100))

(not (inconsistent-facts))

(quality-medium)

(point-count-medium)

(model-lighting-medium)

(file-format-incompatibility)

=>

(assert (Decision (action "Ensure all file formats used for the model and textures are compatible with each other. Convert file
formats or ensure their compatibility for correct model rendering.")))

)

(defrule rule33

(declare (salience 100))

(not (inconsistent-facts))

(quality-low)

(point-count-low)

(model-lighting-low)

(insufficient-detailing-of-objects)

=>

(assert (Decision (action "Add more points and details to individual objects in the model to enhance their appearance and
realism.")))

)

(defrule rule34
(declare (salience 100))
(not (inconsistent-facts))
(quality-medium)
(point-count-medium)
(model-lighting-medium)
(lack-of-shadows)
=>
(assert (Decision (action "Add realistic shadows to the model to improve its visual appearance and reproduce the effect of
lighting.")))
)

(defrule rule35
(declare (salience 100))
(not (inconsistent-facts))
(quality-low)
(point-count-low)
(model-lighting-low)
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(object-overlap)

=>

(assert (Decision (action "Check for object overlap in the model, which can distort their appearance. Adjust the position or size
of objects if necessary to achieve a more accurate representation.")))

)

(defrule rule36

(declare (salience 100))

(not (inconsistent-facts))

(quality-medium)

(point-count-medium)

(model-lighting-medium)

incorrect-model-size)

=>

(assert (Decision (action "Check the size of the model and ensure it meets the project requirements. Modify the model's size if
necessary to achieve the desired proportions and scale.")))

)

(defrule decision-rule
(declare (salience -10))
(Decision (action ?decision))
=>
(printout t "Recommendation: " ?decision crlf)

)

(defrule print-recommendations
(declare (salience -30))
(exists (Decision))
=>
(printout t "Recommendations:" crlf)
(bind ?count 1)
(do-for-all-facts ((?d Decision)) TRUE
(printout t "- " ?d:action crlf)
(bind ?count (+ ?count 1))
)
(printout t "Total recommendations: " ?count crlf)
)
(defrule inconsistency-check
(declare (salience -100))
(exists (inconsistent-facts))
=>
(printout t "Inconsistent facts detected. Please check the input data." crlf)

)

(defrule reset-inconsistent-facts
(declare (salience -200))
?f <- (inconsistent-facts)
=>
(retract ?f)
(assert (initial-fact))

)

(defrule check-consistency
(not (inconsistent-facts))
(not (initial-fact))
=>
(assert (inconsistent-facts))

)

(defrule initialize
(initial-fact)
(not (initial-facts))
=>
(printout t "Initializing the expert system..." crlf)
(assert (initial-facts))
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(halt)
)

(defrule stop
(initial-facts)
(not (initial-fact))
=
(printout t "Expert system initialized." crlf)
(assert (initial-fact))
(halt)
)

(defrule run-expert-system
(initial-fact)
(initial-facts)
(not (control-fact))
=>
(retract (initial-fact))
(printout t "Running the expert system..." crlf)
(assert (control-fact))

)

(assert (initial-fact))
(assert (initial-facts))
(run-expert-system)

Jlictunr 3. Tpets Bepcist mporpaMu

(deftemplate Decision
(slot action)

)

(deffacts initial-facts

)

(defrule rule2
(declare (salience 100))
(lack-of-external-model-texturing)
=>
(assert (low-3D-model-quality))
(assert (low-3D-model-point-count))
(assert (low-model-lighting))
(assert (medium-model-construction-speed))
(assert (need-external-texturing))
(assert (Decision (action "Add external texturing to the model.")))

)

(defrule rule3
(declare (salience 100))
(low-3D-model-quality)
=>
(assert (low-3D-model-point-count))
(assert (low-model-lighting))
(assert (medium-model-construction-speed))
(assert (need-improve-model-quality))
(assert (Decision (action "Improve the quality of the 3D model.")))

)

(defrule ruled
(declare (salience 100))
(low-model-lighting)
=>
(assert (low-3D-model-quality))
(assert (low-3D-model-point-count))
(assert (medium-model-construction-speed))
(assert (need-improve-lighting))



(assert (Decision (action "Improve the lighting of the model.")))

)

(defrule decision-rule
(declare (salience -10))
(Decision (action ?decision))
=>
;; (printout t "Recommendation: " ?decision crlf)

)

(defrule print-recommendations

(declare (salience -30))

(exists (Decision))

=>

(printout t "Recommendations:" crlf)

(bind ?count 1)

(do-for-all-facts ((?d Decision)) TRUE
(printout t "- " ?d:action crlf)
(bind ?count (+ ?count 1))

)

(printout t "Total recommendations: " ?count crlf)

)

(reset)
(run)
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