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BI3YANI3ALIA TA BWUBIP 3D-CKAHEPA W MPOrPAMHOIO
3ABE3IMNEYEHHA

Mema: ob6rpyHmysamu doyiibHicmes 8ubopy ma 8UKOpUCMAHHA nacusHuUx 3D-ckaHepie Ha OCHOBI
Cy4dacHuUx cmapmeboHis 3 8i0N08IOHUM NPo2paMHUM 3abe3nedeHHsM.

Memodonozia docnidxeHHs 6a3yemeca HA cucmemMamus3ayii ma y3azanbHeHHs, NOPIBHAI6HOMY
aHanisi 3D-ckaHepie ma npoepamHomy 3abe3nedeHHi O/ HUX, 8i3ya/NbHO-GHANIMUYHOMY mMa
(HpopmayiliHo-docniOHUYbKOMY nidxodax.

Pesynemamu. [MpedcmasneHo pi3HoBUOU aKMUBHUX Ma nacusHux npucmpois 3 8i0nogioHUM
npozpamHum 3abeznedeHHamM 05 onepayiliHux cucmem iOS ma Android, onucaHo npuHyunu ix pobomu
0719 3aCMOCY8AHHS Y NPOEKMHUX NPONO3UYISX CMBOPEHHS epeOHOMIYHUX 3AaXUCHUX MAcoK pi3H020
npusHayeHHs. [JjosedeHo OoyibHICMb BUKOPUCMAHHA nacusHux 3D-ckaHepie; HadaHo epagiyHe
306paxkeHHs Micyb po3MiujeHHs poboyux enemMeHmMi8 akmusHux 3D-ckaHepis. 3anponoHo8aHo kpumepii
gubopy npozpamHozo 3abesneyeHHs 014 8i3yanizayil NPOEKMHO20 piuleHHA Mma oyugdposy8aHHA MAcku Ha
0bauyyi. ObrpyHmosdaHo 8ubip MeduyHOl XxipypeiyHOU Macku i3 pi3Hux mamepianie 015 No8csKOeHHO020
HOCIHHS ma sk 3acoby iHOugiOyanbHo20 3axucmy opaaHie OuxaHHs. [MpedcmasneHo iHmepgelic (poboye
gikHo) dodamky «Polycam» Ha pi3Hux emanax sizyanizayii 019 cmeopeHHs 3D-modeni Mmacku Ha 06uYYL.

Haykoea HoeusHa. Oxapakmepu308aHO, y3ad2d/lbHeHO, YHAOYHEHO md 8UOKpeMJeHO Halbutbli
nonysspHe npoepamHe 3abe3nedeHHs O cMapmgoHie 3 onepayiliHumu cucmemamu Android ma (OS,
obrpyHmosaHo e8ubip npozpam «Polycam» 0Ona Android ma «Scaniverse» 0Osns (OS Ha ocHo8I
3anponoHOBAHUX Kpumepiig ma 03HaK

Mpakmu4Ha 3Ha4vywyicme. 3anponoHO8aHO nidxo0u 00 CMBOPEHHS HOBUX NPOEKMHUX pillieHb
pi3H08UOI8 epeOHOMIYHUX 3aXUCHUX MACOK Y Npakmu4HoMy 3acmocosysaHHi nacusHux 3D-ckaHepie Ha 6asi
cmapmdboHis 3 8i0N0BIOHUM npozpamHuMm 3abe3nedeHHsaM. Ha ocHosl aHanizy OociidxeHo HadaHo
pekoMmeHOayii wjodo 8UKOPUCMAHHA NPUCMPOO MA npozpamHo2o 3abe3nedeHHs 015 8i3yanizayii 3acobis
{HOUBIAYanbHO20 3axucmy opeaHie JuxaHHs. flocnidxeHHs epekmusHocmi 3D-ckaHy8aHHs mina r0OUHU
ma (o020 okpemux 06'emig (naowjuH) Moxe Oymu KOPUCHUM NpOEKMYBAJbHUKAM 0052y pi3HO20
npusHadeHHs, zelimousaliHepam (3D- xyOQoxxHukam, XxyOoXHUKAM MyaemumediliHux nepcoHaxis), IT-
daxisysm moujo.

Knrouosi cnoea: dusaliH, 3axucHi Macku 018 0bauyys, 3D-mMo0eno8aHHs, ep2oHOMIKa, 8i3yanizayis
dopmu, 3D-ckaHysaHHs obauuyds 1H0OUHU, npozpamHe 3abesnedyeHHs, iHHosayiliHi 3Dface-mexHosoeil.

Bcryn. Bucokmii piBeHb 3D-Bidyanisauii  onepauinn naacTUYHMMU Ta HeMpoxipypramu, B

06'exTiB CKaHyBaHHA € HaZ3BMYaMHO  apXiTeKTypi — NpW NiaHyBaHHI NPOCTopy, A4
BaXUIMBMUM AN YHAaOYHEHHA 06'eMHOro  ouMPPOBYBaHHA ICTOPUYHMX MaM'ATOK, iX
AV3alH-pilLeHHA AK BUPOOY B LiNOMY, TaK |  PEKOHCTPYKLi; y KpUMiHanicTuui -
MOro CKNafoBWX, OLLHIOBaHHA iX mponopui, ouudbpyBaHHi  Micub  310umHy  [1; 2],
MaclwTabyBaHHsA, ecTeTMKM Ta €eproHoMiku igeHTMdikauii  ntojen; B iHXeHepil — y

KOMMO3ULINHO-KOHCTPYKTMB-HUX PilleHb.
IcHye BesvKa KiNbKiCTb MNPUCTPOIB Ta
BiANOBIAHOrO MpOrpaMHOro 3abe3sneyeHHs
ana CKaHyBaHHA 06’'eKTiB, Lo
BMKOPWCTOBYIOTbCA B PIi3HMX Cchepax >XKMUTTA.
Tak, Hanpukaag, y MeAuLUWHI Npu CKaHyBaHHI
wenenn y CTOMATOAOri, MNPV NAaHYBaHHI

3BOPOTHIM po3pobui [3]; B iHAYyCTpii po3Bar —
3axonneHHi pyxy [4; 5] ana ¢inbmis, aHiMauim
Ta irop. Tun npucTporo obupatoTb BIAMNOBIAHO
[0 3aB/laHH$, AKe HEOBXiAHO BUKOHATN.

Takox aKTyanbHUM 3a/MLLIAETLCS
NUTaHHA 3abe3neyeHHa HaAiMHOCTI 3acobiB
IHAVBIAYaNbHOTO 3axWUCTy OpPraHiB AWXaHHSA
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(31304) B ymoBax ¢yHKLiOHYBaHHA Cy4acHMWX
BMPOOHMLTB, a TakoOX MpPaKTUYHIn poboTi
MeAMYHUX  3aknagis. Tomy, nonepeaHiMu
BOCNIAKEHHAMM aBTOpamu BXe
3anponoHOBaHO OCHOBHi niaxoamu Jife)
MPOEKTYBaHHA Cy4aCHUX AM3allH-NPOAYKTIB 3
BMKOPWUCTaHHAM akTyalbHMX HanpaLtoBaHb Yy
CTBOPEHHI TEKCTUAK, a TaKoX ocobamBocTen
MPOEKTYBAHHA  HaAiMHMX 3acobiB  3axucty
06Anyya Ta OpraHiB AuxaHHA, B TOMY 4UCAi
binbTpytoumx nonymacok. Pazom 3 Tum, U
foTenep 3a/MLWatoThCA HeAO0CTaTHbO
LOCNIAXKEHUMM MUTaHHSA 3aCTOCYyBaHHSA
iHHOBAL,INHWX 3Dface-TexHonorin ans
3abe3neyeHHA HafinHOro 3aXUCTY JIFOAVHMN.

AHaniz nonepeaHix  AoOCHiAKEHb.
CyyacHui PO3BUTOK  TEXHOAOTIN 3D-
CKaHyBaHHSA [J03BOASIE BIATBOPUTU  BUAUMY
peanbHiCTb |y BIpTyanbHOMy CBITI. Tak,
Hanpuknag, AusalHepn MoAHOro 6i3Hecy
MatTb  MOXMBICTb  eKCepuMeHTyBaTn 3

oumMdpoBaHNUM OAArOM B PI3HMX rpadiuHmX
peaakTopax, 3MIHUN iX KOJIp, TeKCTypy
maTepiany Towo. Lle ago3Bonse nepernsgatu
HOBOCTBOPEHI MPOEKTHI BapiaHTX 6e3 BTpaTtu
Yacy Ha peanizauito  yeprosoi iTepauii
NPOAYKTY, WO Moferwye Ta YAOCKOHANHOE
poboTy am3anHepa. Hapasi ,npyv BUKOHaHHI
AOCNIAHNLUBKUX, MEAUYHUX Ta KOMEPLINHNX
NPOEKTHNX 3aB/aHb, HanyacTile
BMKOPWUCTOBYIOTb BMCOKOBAPTICHI CTaLiOHapHiI
cuctemn  ana  3D-ckaHyBaHHA. Cepes  HUX
PO3MOBCHAXKEHOHD Ta BiZJOMOtO €
BMCOKOTEXHO/IOTIYHA CUCTEMA AN OTPUMaHHSA
BMCOKOAETaNI30BaHMUX | TOYHUX TPUBUMIPHNX
306paxeHb 0banyus nroamHn — 3dMDface [6].
MpoTe, AOCNIAXKEHHS 3aKOPAOHHUX BUEHMWX
aprymMeHTOBaHO AOBOAATH MOX/IMBICTb
BMKOPWUCTaHHS MEHLU BapTICHUX Ta MPOCTILLMX
Yy KOPWUCTYBaHHIi CUCTEM ANA  BUKOHAHHSA
3aBfaHb, A5 AKUX TOYHICTb HE € KNHOUYOBUM
dakTopoM. Ha ocHOBI aHanizy HayKOBWUX npaLib
BCTaHOBJIEHO Pi3Hi niaxoamu hile}
06r'pyHTOBAHOrO BUOOPY Pi3HMX TEXHONOTIN
oundpoByBaHHSA 06ANYYSA NHOAMNHN.

YactuHa HayKOBLB  AOTPUMYETbCA
nigxo4y, Wo AoCTaTHIMK Ans oundpoByBaHHA

06nnyus € nacusHi 3D-ckaHepu. Tak, KOnekTnB
BUeHMx Andrews J., Alwafi A, Bichu Y. ta iH. [7]
3anpornoHyBasu anbTePHATMBY CTaLiOHAPHIM
Ta LWMPOKOBXMBaHIM cuctemi 3dMDface -
MEHLW BigoMuM npucTpin iPhone Ta gopatok
Bellus3 i3 cepeaHbOKBagpaTUYHUM BigXUEH-
HAM 40 2 MM TMOPIBHAHO 3 €TaJIOHHUMMU
AaHVMK CTaHZapTHOI cuctemun. Astopu Thurzo
A., Strunga M., Havlinova R. Ta iH. [8] npoBenun
MOPIBHANBHWUIA aHanis XapakTepucTuk
NPUCTPOIB Ta BCTAHOBWAW, WO BUKOPUCTAHHSA
iPhone T1a Bellus3D Mae pi3Huuo  y
BMMIpPIOBaHHAX A0  3MM, TMOPIBHAHO 3
eTa/loHOM, Ta 0bMmexeHy cdepy 3acTOCyBaHHS
B MeAVLMHI Npn (OPTOLOHTUYHOMY OrAsA4i Ta
ouiHui). Haykosui D’Ettorre G., Farronato M.,
Candida E. y cBoeMy pocnigxeHHi [9] posenw,
O 3a AOMOMOror A0AaTKIB ANA CMapTdOHIB
Ha oOcHoBi TexHosorii TrueDepth MoXHa
otpumatn 3D-mopeni obanuua 3 BUCOKUM
piBHEM TOYHOCTI ans BMKOHAHHSA
noctaBNeHUX\PI3HOMaHITHUX 3aBAaHb, B TOMY
yncai nikapsM-ctomaTosoram. BueHi goBoasTs,
WO cMapTPOHM 3 AoAaTKaMWN € MOPTAaTUBHUMMU
Ta MeHW BapTICHAMW Ha BigMIHY Bij
CTauioHapHMXx Ta npodecivHMX aHanoriB.
Astopun npaub Hayeem R., Nicole W., Friscia
M., Seidita F. T1a iH. [10,11] Takox
CTBEPAXYHOTb, WO BMKOPWUCTAHHA MAacTuy-
HUMW Xipypramu B CBOIW NpakTuLi cMapTHOHIB
iPhone X aBnatotb  coboro  pAOCTynHy
anbTepHaTuBy CKNagHUM cmcTemMam
ckaHyBaHHsA. Bueni Liu J, Zhang C., Cai R. Ta
iH. [12] BM3HAUMAM, WO TOUHICTb KOXHOrO
BMMIpOBaHHA ckaHepa byna NPUNHATHOK Ans
AjarHOCTMKM  Ta  MNAaHyBaHHA  NiKyBaHHSA
NMoAnHW.  TouHiCcTb  oundposysBaHHA  3D-
mMogener obamyus Ta Macku, OTPMMaHMX 3a
AOMNOMOror 3dMD i Bellus3D,
NPOAEMOHCTPYBaAN AOCTaTHO MOBTOpPHOBaA-
HICTb CKaHyBaHHs.

[HWa uYacTMHa BYEHMX BBaAXAE NiAxia
WOAO BWKOPWUCTAHHA  aKTUBHWUX  CKaHepiB
Ginbl edeKTVBHUM 4epe3 BULLY TOYHICTb
CKaHyBaHHA. Huxkue obrpyHTOBaHO MepeBaru
nigxosy BUKOPWUCTaHHA  akTuBHux 3D -
ckaHepiB. Tak, konektmeBom aBTtopiB Zhao Y.,
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Xiong YX., Wang Y. B npaui [13] BucBiTaeHo,
WO ABa MeToAW oumdpoByBaHHA 0b6aMyua 3a
[OMOMOrot0  CTPYKTYypOBaHOro  CBiTha Ta
cTepeodoTorpadii MaroTb AOCTATHKO TOYHICTb
AN BUMKOPWUCTaHHA Yy CTOMATOJIOTIYHIN
npakTuui. Haykosui Wen A, Zhu Y., Xiao N. Ta
iH. 3aMpONOHyBaAN aBTOMaTU4YHE BU3HAUYEHHS
3D-aHaTOMiYHMX OpieHTMpIB  0b6aMyua  3a
ponomoroto  anroputMy  MeshMonk  [14].
Konektne aBTtopiB Cortes R.G, Galea K,
No-Cortes J. T1a iH. y poborti [15] posiB
MOX/IMBICTb ~ MPOEKTYBAaHHA  €PrOHOMIYHMX
3acobiB  iHAMBIZAYyaNbHOrO 3axMCTy OpraHiB
AVIXaHHA AN KOHKPETHOro Crnoxwueada 3a
[OMOMOTOK CKaHyBaHHA Moro obanyus 3D-
CKaHepoOM Ta ApPyKYy Mackv 3 BIiANOBIAHNMM
30HaMu O6THOpaLlil.

MocraHoBKa 3aBAaHHA. BignosigHo A0
MeTun Ta 06'ekTy AOCNIAXKEHHS,
nepLwoYeproBUM BU3HAYEHO HeOOXiAHICTb Ta
AOUINbHICTE  0obrpyHTOBaHOro BMbOpPy 3D-
CKaHepy 3 BIANOBIAHMM  MPOrpamHUM
3abe3nevyeHHAM  Ta  LWIMPOKOAOCTYMHUMMU
onepauinHUMN cMCTEMaMW Ha OCHOBI aHanisy
XapaKTePUCTUK ICHYHOUMX Ha PUHKY YKpaiHu

NPUCTPOIB. Takun niaxia JO3BOJINTb
3abe3neunTtn Bi3yanbHe BiATBOPEHHSA
obpasHoro NPOEKTHOIO pilLEHHSA

€ProHOMIYHOI 3aXMCHOI MacKW Ha NKOAMHI Npun
CKaHyBaHHI il 06A1MyYua i3 3a4aHOK0 TOYHICTHO, a
y MOAanblIOMy HajaTu pekoMeHAauil oo

undposoi anctpmbyuii Google Play Ha 6asi
onepauinHoi cutemmn Android, Ha nnatdopmi
undposoi auctpubyuii App Store Ha 6asi
onepauinHoi  cuctemn  i0S, a  TakoX
NPOrpamMHOro 3abesneyeHHs 40 HUX, 3 METOH
3aCTOCyBaHHSA iHHOBALIMHNX ~ TEXHONOTIN
IHAVBIAYaNbHOTO BWUFOTOBJIEH-HA PI3HOBUAIB
3aXMCHUX MacoOK.

Pesynbtatm pocnipxeHHA Ta ix
obroBopeHHAa. Bigjomo, WO  TPUBMMIpPHI
MoAeni B y3aralbHEHOMY Ta JAeTani30BaHOMY

BMAAX BMpPa3HoO Bijo6paxatoTh
bopMoyTBOpPEHHSA 06'eMHOro BMpPOOY,
KOHirypau,ito, PO3MiLLleHHS, CTYNiHb
npUAAraHHA TOLLO. 3aBaAKn AKICHIN
Bi3yanizauii MOXHa npoaHanizysatu
KOMMO3ULIAHY piBHOBary dopwm,

CniBBiAHOWEHHA QYHKLIIOHAaNbHUX €1eMEHTIB, |
TakMM UYMHOM BUW3HAUUTK CTYMiHb €CTETUYHOI
npuBabAMBOCTI  MpPeACTaBAEHOrO  AW3alH-
ob'ekta. BigtBopeHa 3D-moszenb  Macku
MOBHOK MipoO0 MOXe chopMyBaTh LjinicHe
yABNE€HHA NpO BMpPI6, MOro cknagosi Ta X
CMiBBiAHOLLEHHS, NAacTUYHI BJ1aCTUBOCTI
maTepiany. Bigomo Takox [16], wo 3D-ckaHep
- ue npuctpin ana nobysosn LMPOBMX
TPUBMMIPHMX MOZEeNe Ha OCHOBI aHanisy
06'ekTy abo cepesoBMLLA peanbHOrO CBITYy ANA
36opy JaHux wWoao wWoro dopmMu i, 3a
MOX/IMBOCTI, Konbopy. 3D-ckaHepwn pi3HATbLCA
3a Bugamu; Ha pwuc. 1 npeacraBaeHa ix

LUMPOKOTro NPaKTUYHOro BMKOPUCTaHHA  knacudikaLis.
NPUCTPOIB,  AOCTYMHWUX  Ha naatpopmi
| PisHoBunam 3D-ckaHepiB |
| ' |
| KoHTakTHUIA | | Be3KOHTaKTHUM (ONTUYHNIA) |
| I
| AKTVBHWI | | MacuBHMIA |
JlazepHun | ~| CrepeockoniyHui |
MNpoekTOopHMY | ~| dororpammeTpUYHUiA |

FonorpadivHmin

MarHiTHWIA, yNbTpa3ByKOBUIA

OnucyBaHHs cuayety |

Puc. 1. Knacnoikauia pisHosugis 3D-ckaHepiB
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JocnigxeHHaMM BMAB/EHO, o
KOHTaKTHi 3D-ckaHepwu AO3BONAKOTH
oundpysaTtm 3aKpinneHi 06'ekTn 3a
aonomoroto  ¢isnyHoro  HaratokpaTHOro

AOTUKY A0 noBepxHi 06'ekTy. BoHM MatoTb pas
CYyTTEBUX  OOMEXeHb, Wo  pobutb X
NPUAATHUMWU ANA CKaHyBaHHA nuvwe 06'exTiB

ana 3BOPOTHOI pO3p0bKM/KOMiFOBaHHSA
Bupob6iB  [17]. be3koHTakTHi  3D-ckaHepwu
ABAANOTb coboro NpUCTPOI, AKi

BMKOPWUCTOBYOTb 411 CTBOPEHHA TPUBUMIPHUX
mogenen ob'ektiB 6e3 Pi3n4YHOro KOHTaKTy 3
HMMM; NOAINAOTLCA Ha NACUBHI Ta aKTUBHI.

Omxe, KOHTakTHi 3D-ckaHepu MmarOTb
pAs CyTTEBMX OOMEXeHb, WO pobutb ix
npUAATHUMW  Anwe  ANA  BUCOKOTOYHOrO

CKaHyBaHHA 06'eKTiB A/17 3BOPOTHOI pO3pOHKM
abo konitoBaHHA BUPO6IB [17]. Be3KOHTaKTHI
nacuBHi Ta akTmeHi 3D-ckaHepy nNpu3HayeHi
ANA  CTBOPEHHA  TPUBUMIPHUX  Moaenew
An3anH-06'ekTiB.  acuBHI  BMKOPWCTOBYHOTb
HaBKOJIMLLHE CBITNO Ta OAHY abo ABi kamepwu
pa3oMm 3 HeobXigHMM nporpaMmHnUmM
3abe3neyeHHAM Ta [03BOJIAIOTbL CTBOPHOBATU
undposi mogeni 0b'ekti. Li npucTtpoi maroThb
HW3bKy COBIBapTICTb, HEBWUCOKY TOYHICTb Ta
AKICTb  CKaHyBaHHA. [lo  HWX Hanexatb
CTepeockoniyHnMM Ta doTomeTpuyHumn 3D-
ckaHep, ckaHep cunyeTy. CTepeocKOMiYHWM
3D-ckaHep [18] BukopucToBye ABi kamepu abo
ceHcopu ansa 36opy iHPopmauii Npo rAnbuHy
Ta CTBOPEHHS TPUBUMIPHOTO 3006paXKeHHs
06'ekTiB abo pekpeauin cueH. CkaHyBaHHS
UM TMPUCTPOEM T'PYHTYETbCA Ha MPUHLUNI
BiIHOKYNIAPHOTrO HauyeHHs, CXOXOro Ha Te, fAK

NroaChKi oui CNPUNMatoThb rAM6UHY,
nopiBHIOIOUN 300paxkeHHA 3 060X ouen.
Tvnosun CTEPEeOCKONiIYHNN 3D-ckaHep

3a3BuMYal CK/1aja€eTbCA 3 ABOX Kamep abo

IHWWX  CeHCopiB, AKI  po3TalloBaHI  Ha
dikcoBaHi  BiacTaHi oAHa Bi4 OAHOI Ta
OAHOYacHO  dikcytoTb  300paxkeHHs 3
He3HaYHVMMW BIAXWNEHHAMW TOYOK Oraagy.
OtpumaHi Kamepamu 306paxkeHHs
obpobasatoTbcA  Ta  aHanisyTbCcA  ANA
CTBOPEHHA 3D-mogeni, ifeHTUIKyrOUM
PO3BGIXKHOCTI  Mi>XX ABOMa 306paxkKeHHAMMU.

®otomeTtpnuHe 3D-ckaHyBaHHA  [19; 20],
TaKoXX Bigome AK doTomMeTpuyHa
cTepeockonis  —  Ue  TexHo.noris,  Wo

BMKOPUCTOBYE Kinbka 2D-306paxeHb 06'ekTa.
Woro doTtorpadytoTb 3 KilbkoX TOUOK OrAsay
nig pisHAMKM  axepenamn cBitaa abo nia
Pi3HUMM KyTamu OCBIT/IEHHA. 3MiHa
OCBIT/IEHHA CTBOPIOE PI3HI TiHI Ta CBITAI
AINAHKW Ha NoBepxHi 06'ekTa, ki QiKCyOTbCS
Ha cepii 306pa>keHb, wo Aani
BMKOPUWCTOBYIOTbCA AN OOUYMCIEHHA BEKTOpPIB
HOPMaJli Ha MOBEPXHi B KOXHIN TouLi 06'ekTa
3a AOMNOMOroK anroputMiB GOTOMETPUYHOIT
cTepeockonii. Bektopn Hopmani — Le BekTopw,
WO MNepneHANKYAAPHI A0 MOBEPXHI B KOXHIW
Touui. 3HarouM X HampAMOK, MW MOXEeMO
BIATBOPUTM  TPUBMMIPHY dopmy  06'ekTa.
TouHicTb Ta po3ginbHa 34aTHICTb OTPUMAaHOI
3D-mogeni 3anexatb Bif KiNbKOCTI 306paXkeHb
Ta AKOCTI OCBIT/IEHHA.

CkaHyBaHHA cunyetry [21] - ue
TEXHOJIOTIA, 3a JAOMOMOror AKOI QiKCyeTbCs
dopma Ta KOHTYpu 06'ekTa, aHani3yroumn Moro
cunyet abo abpwuc. Ha BigMiHy Big IHLWIMX
METOZIB CKaHyBaHHS, fKi BiATBOPOIOTb MOBHY
NnoBepXHeBY reomMeTpito 06'ekTa, CKaHyBaHHSA
cunyety  QOKyCyeTbCa Ha dbikcyBaHHA
30BHIWHbLOI opmmn Ta kpaiB ob'ekta. [ns
dikcyBaHHA CckaHepom cunyeTy ob'ekTa MOro
PO3MILLyOTb  MiXK  JXepenom CBiTha Ta
kamepoto. CBITNO MPOEKTYETbCA Ha OO'ekT, a
Kamepa 3anucye TiHb abo cunyeT ob'ekTa Ha
GOHOBIN  MOBEpPXHi.  AHani3ylun  3HATUN
cunyeT, BU3HAYaETbCA KOHTYp Ta dopma
o6'exTa. [aHi, 3ibpaHi 3 pi3HMX KYTiB, MOXYTb
6yt 0b6'€gHaHi  ANA  CTBOPEHHS  MOBHOI
TPUBMMIPHOI  penpe3eHTauii  30BHILLIHbOT
noBepxHi 06'ekTa.

AkTnBHI 3D-ckaHepn Ha BIAMIHY Bij
MacMBHWUX  OCHalLeHi  MpoeKkTopamu, Lo
OMNPOMIiHIOHOTb 06'exT CTPYKTYpPOBaHUM
CBITIOM Yy BWUrAagi NiHin abo kBagpaTiB 3
Pi3HMM piBHEM OCBITAeHOCTI, abo nasepamuy,
WO BUMPOMIHIOKOTb CBITNO Y BUMAAAI JiHIN.

Kamepn @ikcytoTb  BUKPUBAEHHA  NiHIA i
KBagpaTiB  Ta  3aBAAKM  MpPOrpaMHOMy
3abe3neyeHHo OTPMMaHI 306paxkeHHA
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BUKPWBAEHb IHTEPMNPETYHOTbCA B  MOZeNb
06'ekTy. [10 aKTMBHMX HanexaTb fla3epHUI Ta
npoektopHuii 3D-ckaHepw.

NlazepHe 3D-ckaHyBaHfi BWKOPUWCTOBYE
NasepHe CBITAO ANnA OTpMMaHHA iHPopMaLii
Npo reoMeTpito Ta AeTani NOBEPXHi 06'eKTiB.
CkaHep (puc. 2) BUMPOMIHIOE Na3epHi MPOMEHi
Ha nNOBepxHO O6'ekTa i BUMIPIOE Yac Ha
BiAOWTTA CBiT/a Ta MOBEPHEHHS A0 CEHCOopa,
WO JAO03BONSE pPO3PaxoByBaTU BiACTaHb Bij
CeHCopa [JO KOXHOI TOYKM Ha MOBEPXHI
06'ekTa. Taki NpMCTPOI 3a3BMYal CKaZarOTbCA
3 JIa3epHOro AXepesia, MexaHi3My CKaHyBaHHS
ANA HanpaB/eHHs NMPOMEHI0 Ta CeHcopa Anf

OTpUMaHHA  Bigbutoro cBitha. JlazepHui
NPOMIiHb MPOEKTYETLCSA Ha 06'EKT, KON CKaHep
PYXa€ETbCS abo 06'ekT obepTaeTbCs,

BMMIPHOIOTBCA KilbKa TOYOK Ha MOBEPXHI.
BoHwu yTBOpHOIOTH TOUKOBY XMapy/point cloud
— Habip 3D-koopanHat, ki 306paxaroTb
dopmy ob'ekTa [22].

MNoeAHYOUM KOOPANHATW Pi3HMX TOYOK 3
AEKINIbKOX MiCLb Ornagy, Nna3epHUi ckaHep
CTBOPIOE KOMMAekcHy 3D-mopenb 06'exTa,
3anuncyrouM 1MOro reomeTpito Ta 0cobamMBOCTI
NOBEPXHi 3 BUCOKOK TOYHICTHO.

lUle oaHVMM pi3HOBUMAOM  aKTUBHOTO
CKaHyBaHHA € npoekTopHe (puc. 3), wWwo
BMKOPWUCTOBYE MPOEKTOP AN BifoOpaKeHHs

Puc. 2. MpadiuHe 306paxKeHHs MiCLib PO3MILLEHHS

pobounx enemeHTIB akTUBHUX na3zepHux 3D-ckaHepis:

1 — iHppauepBOHE AKepeno CBiTNa;
2 — ToF patunk; 3 — 06’ekT

PUCYHKIB abo CBiTAa Ha MOBEPXHO 06'ekTa.
CkaHep 3uuTtye gedopmaLito LUX PUCYHKIB,
KO BOHW obroptatoTb dopmy o6'ekTa, Ta
BiATBOPrOE 3D-3006paxkeHHs NoBepxHi 06'ekTa.
PUcyHkn MOXyTb OyTW y BWUIAAAI CITOK, CMyr
abo iHWwKx cknagHux 306paxkeHb. Kamepa abo
CEHCOp, pO3TalioBaHi  Mig  KyTOM  Bij
NpoeKTopa, 3anucytoTb AedOpMOBaHIi CBITNOBI
PUCYHKM. MNporpamHe 3abe3neyeHHsA
BMKOPUCTOBYE 3ibpaHy iHopmauito  ana
TpiaHrynauii 3D-koopAanHAT KOXHOI TOUKMU Ha
noBepxHi 06'ekTa. MNMoeaHytoun Kinbka Habopis
PUCYHKIB Ta BIAMOBIAHNX 306paxkeHb Kamepw
3 PI3HMX KYTIB, CKaHep CTBOPHOE AeTanbHy 3D-
Mogenb o6'ekTa [23].

Ha oOcCHOBI xapakTepuctuk pi3HOBUAIB
3D-ckaHepiB 06paHO 6e3KOHTaKTHI MaCUBHI
NPUCTPOI, 30KpPeMa Ha OCHOBIi TEeXHOJOrIN
cTepeockonii Ta ¢doTtorpammeTpii. [Jo Takmx
Hanexatb CMapTPOHWN Pi3HMX BMPOOHMKIB, AKi
notpebyroTb  Binbll  AeTanbHOroO  aHanily
XapaKTepUCTUK TOYHOCTI CKaHyBaHHA 06'eKTIB.

JocnigkeHHsMM BUABAEHO, Wo Android-
npucTpoi MOXYTb 34iNCHIOBATH 3D-
CKaHyBaHHA  pi3HUMK  MeTogamu.  BapTto
3a3HauUTW, WO He BCi CcMapTdOOHM MatoTb
BOyAOBaHi faTunkn abo kamepw, NpuaaTHI ana
BMCOKOAKICHOro 3D ckaHyBaHHA.

N

%,

N\

Puc. 3. MpadiuHe 306paxKeHHs MicLb
pPO3MilLleHHA POBoUYNX eNeMeHTIB aKTUBHOTO
npoekTopHoro 3D-ckaHepy: 1 — npoekTop,
2 — Kamepa
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3a3Buuan goaatku, AoctynHi B Google
Play Store, A#03BOAAHOTL BWKOPWUCTOBYBATU
BOyAOBaHi KaMepu CMapTPOHY AN CTBOPEHHS
3D-mozenen 3 HEBWCOKOH TOYHIicTIO. Jeski
AOAATKN NPOMOHYHOTb BUKOPUCTAHHA TEXHONOTII
CTPYKTYpOBaHOro cBit1a abo iHWi metoan ans
oumbpoByBaHHA, WO JAO3BO/ATL 306i1bLINTK
TouHicTb 3D-mogenen. CMapTOHM, WO MaroTb
[AOAATKOBI AaTuMKKW, Hanpuknazg rambuHn abo
[LOAATKOBI KaMepw, A03BOAAOTb oTpumaTtn 3D-
MoZeni 3 BUCOKOH AeTanizauieto. [eski mogeni
Samsung Galaxy, Xiaomi Ta iHWWNX BUPOOBHWMKIB
MatoTb gatumk Time-of-Flight (ToF) [24].

ToF - ue TN jgatumka,  SKUK
BMKOPUCTOBYETLCA Y AeAKUX cMapTdOoHax ans
BMMIpPIOBaHHA BiACTaHi 3a Bupasom (1) Ao
O6'eKTIB  LUNAXOM BM3HAUYEHHA Yacy, AKUU
NoTpiGHUA AN BiAOMBAHHA Ta MOBEPHEHHSA Ha

ceHcop NasepHoro NPOMEHHO abo
iHGpayepBOHOrO CBiT/1a Bij 06'ekTa.
c*At
d = &4 0

~
J€ c — WBWAKICTb CBIT/a, M/C, t —yvac, C.
TexHonoris ToF noaibHa Ao TexHonorii
LIDAR, ane BuKopuctoBye iHbpavepBOHe
CBITNO 3aMiCTb J1a3epHOro npomeHr. ToF-
JaTuuvK, fIK NPaBWIO, PO3TallOBaHWUA Nopsas 3
KaMepaMu Ha 3ajHi YacTuHi cmapTdoHa abo
B creuianbHin 4oaaTkoBi kamepi. OCHOBHMMM
nepesarn ToF-gaTtunka BUABAEHO TaKu:
—BMCOKa TOYHICTb BUMIPHOBAHHSA BiACTaHi
[0 OO'ekTiB B X LIMPOKOMY giana3oHi (BiA
AEKiNIbKOX CAHTUMETPIB A0 KiNIbKOX METPIB), LLLO

niABMLLYE AKICTb 3D-ckaHyBaHHA Ta

peanicTM4HICTb Npoekuin B AR-goaatkax;
—BMCOKa  WBWAKICTb  poboTn, WO

[lO3BONISE NPUCKOPUTU CKaHyBaHHS,

pO3Mi3HaBaTN XeCTn B peasibHOMY Yaci;

—KOMMAKTHICTb Ta €EKOHOMIYHICTb, LWO
NPOABAAETLCA Y BUTOTOBJ/IEHHI B KOMMAKTHNX
Ta Jserkux Qopm-dakTopax Ana  NpocToi
iHTerpaii y pi3HOMaHITHI MPUCTPOI Ta cucTemu
3 XXMBNEHHAM Big 6aTapei.

Ha mobinbHunx npuctposx iOS, 3okpema
Ha iPhone X abo cyyacHiwmx Moaenax, MoXHa
3sincHIoBaTM 3D-CKaHyBaHHA 3a JAOMOMOrOH
AOAATKIB  Ta  AaTuMKiB, 30Kpema  LUIAXOM

BMKOPUCTaHHsA  TexHonorin  LIDAR  [24] i
TrueDepth, ska BukopuctoBye NIR (Near
Infrared)  patumk 3 iHGpayepBOHUMMU
CBiTNOAIOAAMU ANl CTBOPEHHSA  TOUKOBOI
xMapu/point cloud o6anyus, wo 36epirae
TPUBUMIPHI KOOPAWHATK TOYOK MoBepxHi. Lie
AO3BONSE CTBOpOBATU JAeTanbHi 3D-mogzeni
0banyya  NOAMHKM, WO  BUKOPUCTOBYHOTHCS,
Hanpuknag, Ans po36AOKyBaHHA MPUCTPOLO,
aHimauii Ta AR-3acTOCyHKiB.

Takox 3D-ckaHyBaHHA MOBEPXOHb €
HaMOLIMPEHILLIOO TEXHOJIOTIEr0 LiDAR.
[laTumk BMMIpIOE BiaCTaHb A0 06'ekTiB Ta
CTBOPKOE  TOYHI  ManNM NO  TOYKOBUM
xmapam/point cloud noBepxHi. Le moxe
BMKOPWUCTOBYBATUCb A/A CKaHyBaHHA KiMHaT,
AeTanen apxitektypy abo O6yAb-AKUX iHLWNX
06'eKTiB, LLIO BUMararoTb BUCOKOT TOYHOCTI.

Cepea Hanbinbll NOMYAAPHUX iHTEPHET-
MarasvHIB [0AaTKIB, IrOp, MY3WKW, KHWT ANS
MOBINbHMX  MPUCTPOIB 3 OnepauiiHAMMK
cuctemamum  Android i iOS  Bigomumn €
«PlayMapkeT» [25] Ta «AppStore» [26]. Lli
MarasvHu HajaroTb MOXUBICTb KOPUCTYBaYaMm

3aBaHTaxKyBaTH, BCTaHOB/HOBATH Ta
OHOB/IOBATW  PI3HOMAaHITHI  NporpaMu  Ha
cmapTdoHax Ta  IHWWX  MNPUCTPOAX,  LWO

NpautooTb  Ha  BIiAMNOBIAHWX  OnepauinHnX
cuctemax. CncteMaTnM3oBaHO XxapakTepucTuku
NporpaMHOro 3abesneyeHHs Ansa cMapT-QOHIB
AOCTYMHUX Ha nnatdopmi undposoi
anctpubyuii Google Play Ha 6a3i onepauinHoi
cuctemmn  Android Ta App Store Ha 6asi

onepauinHoi cuctemm i0S; HaBeseHO Y
Tabanysax 1ta 2.

Ha ocHoBI  aHanisy xapakTepucrtuk
(BMKOPWCTaHHSA AaTuvmKiB Ta OL}iHOK

KopucTyBauiB) 6yno obpaHo nporpamy Ans
TenedoHiB 3 onepadinHoro cuctemoro Android —
«Polycam», apxe pana pobotn BOHa Moxe
BUKOpMCTOBYBaTK TexHonorito LiDar Ta Mae
HaMBWLLi OLHKM KOpWUcTyBadiB. [lna cMapTHOHIB
Ta nNaHLWweTiB Apple (iPhone/iPad)
pavuioHabHUM BMH6OpPOM byze
nporpama(aosaTok) «Scaniverse», uepes
BMKOPWUCTaHHA TexHosorii LiDar Ta HavBuLj
OLLIHKM KOPWUCTYBauiB.
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Tabanua 1

Xapakrepuctuku nporpamHoro 3a6esneueHHs Ans cMapTPOHIB A4OCTYNMHUX Ha
nnatdpopmi undpposoi ancrpubyuii Google Play Ha 6a3i onepauiiHoi cuctemu Android

N PedtunHr
HasBa BukopucraHH Kinbkictb . .
Po3po6Huk . oLiHOK Baprictb
nporpamu A JaTumKiB 3aBaHTa)XkeHb .
KopucTyBadiB
Polycam Polycam LiDar 1 MAH+ 4,6 YMOBHO .
6e3KoLITOBHa
y
WIDAR WOGO, Inc. e 100 Tvc.+ 3,8 MOBHO
6e3koLwToBHA*
MagiScan AR Generation H/L, 100 Tnc.+ 4,0 beskowToBHa
Epic Games
RealityScan International, H/4, 10 Tnc.+ 4,0 BeskowToBHa
Sarl
KIRI Engine | KIRI Innovations H/L 50 Tnc.+ 3,0 beskowToBHa
* — Ma€ NeBHi OOMeXeHHA PyHKLIOHany, WO CTaroTb AOCTYMHUMM Nicaa NpuabaHHA
Tabnuvus 2

XapakTepuctukvm nporpamMmHoro 3abesneueHHs AnA cMapTdOHiIB AOCTYMHUX Ha
nnar¢opmi upposoi AncTpubyuii App Store Ha 6a3i onepauiiHoi cuctemum iOS

BukopucraHHsa PeiATUHr ouiHOK .
Ha3sea nporpamu Po3pobHuk . . Baprtictb
AaTunKiB KOpUCTyBauiB
Polycam Polycam Inc. LiDAR 4.7 Be3kowToBHa
Scaniverse Toolbox Al LiDAR 4.8 Be3kowToBHa
3d Scanner App™ Laan Labs H/A 4.7 BeskoLwwTOBHa
MagiScan ar-generation LIDAR 4.6 beskowwToBHa
Metascan Abound Labs Inc. LiDAR 4.6 BeskowwToBHa
Pro 3D

Scandy Pro 3 Scandy Inc. Wi 43 YMOBHO

Scanner 6e3koLToBHa*

* — Ma€e neBHi obMexXeHHA PyHKLIIOHaNY, WO CTaroTb AOCTYMHMMM Nicaa NpuabaHHA

Ana nopanbwioro AocnigxeHHa 6yno
obpaHo cmapTPoH Ha basi
cutemu Android Ta gosatok «Polycam».

Ha ocHOBI aHanizy xapakrepuctuk
(BUKOPUCTaHHSA JaTyvKiB Ta OLiHOK
KopucTyBauie) 6yno obpaHo nporpamy ans
TenedoHiB 3 onepauinHor cuctemoro Android
- «Polycam», agxe gna poboTn BOHa MoOXe
BMKOpUcToByBaTU TexHosorito LiDar Tta mae

HaBULLL OLLiHKM KOpUCTyBauiB. Ona
cMapThoHiB Ta naaHwertiB Apple (iPhone/iPad)
paLioHaNibHUM Bnbopom byae
nporpama(gogatok)  «Scaniverse», yepes

BMKOPWUCTaHHA TexHosorii LiDar Ta HauBuLui

onepaujinHoi

OUiHKM  KopucTyBauiB. [na  nojanblioro
AOCNIAXKEHHA 6yno obpaHo cmMapTPoH Ha 6asi
onepauinHoi cutemmn Android Ta pgoaartok
«Polycam».

CborogHi HanMmoLwnpeHIiMMmn
BUABNAKOTLCA 3aCO6U iHAMBIAYaNbHOTO 3aXMCTy
opraHiB  amxaHHs  (31304), npwu3HaueHi
BignoBigHO A0 BM3HaueHHA ACTY EN 132:2004
“3acobun iHAMBIAYyaNbHOrO 3axuCTy OpraHis
AnxaHHA. TepMiHM Ta nikTorpammn» Ans 3axXucty
ANXaNbHNX LUNAXIB KOPUCTYBaYa Bij BAUXaHHA
NoBITPA, AKe CNPUUMHAE LWKIAAMBMIA BMNIVB Ha
3gopoB’a. [lo HuX  Hanexatb npoTurasu,
pecnipaTopu, MeAnyHi XipyprivyHi Macku TOLLLO.
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IHAVBIAyanbHI
I I
DinbTpytoui I30nto0t0Ui
I
KucHesi MositpaHi

— MpoTununosi — CTUCHEHWNI KMNCEHb — LLnaHroBi

— MpoTturazosi — 3pigXeHN KceHb — CTucHeHe NoBiTpA
— KombiHoBaHi — XiMi4HO 3B'A3aHUIN KNCEHb — KombiHoBaHi

Puc. 4. Cuctematmsauis 3acobiB iHAMBIAYabHOrO 3aXUCTy OPraHiB AMXaHHA 3@ NPUHLMMNOM Al

CuctemaTnzauis 3acobis
IHAVBIAYaNbHOIO 3axMCTy OpPraHiB AMXaHHA 3a
NPUHUMNOM Aii HaBeAeHO Ha pucyHky 4 [27].
Halbinblw WMPOKOBXMBAHUM Cepes 3acobis
IHAVBIAYaNbHOTO 3aXWUCTy OPraHiB AWXaHHA €
XIpypriyHa Macka, WO CKAaAaETbCa 3 OA4HOro
abo KinbKOX LWapiB, WO 3abe3neuyroTb 3axmcT
OopraHiB AuxaHHA Big Hebe3neuyHux abo
noTeHUiMHO Hebe3sneuHux ¢akTopiB. BoHa
MOXe BWIFOTOBAATWCb i3 PI3HWUX TEKCTUABHUX
abo HeTkaHMX MaTepianiB, AKi MatOTb Pi3Hi
bi3nyHi  BnactmeocTi. Macka KpinuTbca Ha
06114y 33 JONOMOrol eNacTUYHOro Mnacma,
WHypiB 3 dikcatopamn, wo 3abe3neuye
€ProHOMIYHICTb BUPODY.

Ana nopanbwmx AocnigxeHb obpaHo
MOBCAKAEHHI  XipypriyHi/MeanyHi  Mackm Ak
Hanbinbl LWNPOKOBXMBaHI. Bigomo [28], wo
Macka npUKPWBaE poT, HIic | niabopiaas,
yTBOptOtOUM bap’ep AnA aepo3onis, nuay Ta
IHWWX  WKignmBmux dakTopiB, QiKCyeETbCA Ha
ronosi Ta (abo) 3aByxamu 3a AOMOMOrOHO
eNacTUYHOI TacbMW, LWHYPIB 3 pikcaTopaMu; Ha
HOCi — HocoBoro @ikcatopa ToOwWoO. BoHwM
MOXYTb BWUTOTOBAATUCb i3 TEKCTUAbHUX abo
HeTKaHVX maTepianis, 3 O4HOrO i bifblue wapis
maTepianiB 3  PI3HMMM  BACTMBOCTAMMW.
Mpvknag BMKOPWUCTaHHA oumdpoBaHmX
MOJeNen Mackn Ta Mackm Ha o6anudi NHANHK
HaBefeHo Ha puc. 5.

O6’ekTOM CKaHyBaHHA Yy JAOCAIAXKEHHAX
6yn0 0bpaHO XipypriuHy Macky siKk OKpemui
06'€eKT, @ TakoX XipypriuyHy mMacky Ha obanyui
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3a  Agonomoror  cmapTdoHy Ha  6asi
onepauinHoi cuctemmn Android Ta apopatky

«Polycam». OumndpoByBaHHA Bigbynocb 3a
pPaxyHOK CTBOpPeHHA MacuBy doTorpadin
(pnc. 5, a) Ta ix noganbwoi ob6pobkn Ha

cepBepi po3pobHuka. OTOBY MOZeNb Macku
Ha obamuui (puc. 5, 6) MOXHa ekcrnopTyBaTu B
pi3HMX popmaTax (puc. 5, B).

Ans peaaryBaHHs STL-¢annis
BMKOPWUCTOBYIOTb  pi3Hi  nporpamun  [29].
HannonynspHiwnm  cepes  6e3KOLITOBHMX

nporpam € Blender [30] — nporpamHuii naker 3
BIAKPUTUM KOZOM (PO3MOBCIOAXKYETHCA Mif
niueHsiero GNU GPL) ana 3D-mopaentoBaHHS,
aHimauii, peHAepuHra, MNoCT-MpPoAaKLIeHy.
KopucTy-€Tbca nonynspHicTio ans pobotn Hag
KOMepLinHMU Ta HeKoMepLinHUMK
NpOoeKTaMm.

Takox Bigomum € Tinkercad [31] -
OHNanH-iHCTpymMeHTOM  Big  Autodesk, wo
pobUTb AJOCTYMHUM ANA  BUKOPUCTAHHA Ha
HaraTbox NPUCTPOSX. Kopucrtyetbea
MOMYNAPHICTIO Ccepes OCBITAH Ta CTYAEHTIB
yepe3 MPOCTUA IHCTPYMEHTapin 3pOo3yMiinm
ANS  noyaTtkiBUiB | [A03BOJISIE  LUBMAKO
moandikysatu STL danan.

Cnig, 3a3Haumnt npo SolidWorks [32] — ue
nnatHe npodecinHe nporpaMmHe 3abe3neyeHHs

AN 3D-mopentoBaHHs, o LWNPOKO
BUMKOPUCTOBYETbCA Yy  chepi  IHXeHepHOro
MPOEKTYBaHHS, iHHOBaL|iMHOrO AN3anHy,

MPOEKTYBaHHI HOBITHIX A13aliH-NPOAYKTIB.
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Puc. 5. Poboue BikHO (iHTepdeiic) goaatky «Polycam» Ha eTani:
a — CkaHyBaHHs, 6 — rotoBi 3D-mogeni, B — BUbip ekcnopTHUX GopMarTiB i3 MeHo

a

6

Puc. 6. Poboue BikHO (iHTepdeiic) nporpamm «Blender» Ta 06'ekT anda pesaryBaHHs:
a — XipypriyHa macka Ha o6aunuui; 6 — BigpesaroesaHa 3D-mogenb — xipypriyHa macka

©

exoma Bosaca 30 atnorees @) ropras peamicn @) swanmo

& =

Cepegosuwe 1a
ocBiTneHHA

a

6

Puc. 7. Poboue BikHO |HTepdeic nporpamu Ans BisyanisaLii roToBMx Mozenew:
a — Macku Ha 06anuui; 6 — Macku
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MporpamHuin  npoaykt SolidWorks ao3Bosse
KOpWCTyBavam CTBOPOBaTH AeTanbHi 3D-mopeni
KOMMOHeHTIB Ta 36ipok. Lle napametpuuHe
MOAeNtoBaHHA 3abe3neuyye BMCOKY TOYHICTb Ta
KOHTPO/Ib CTBOPEHHA PiI3HOMAHITHUX MPOAYKTIB
CyvyaCHOro  Avi3ailHy,  JO3BOJSKOYM  NErKO
MOAMPIKyBaTM Ta  OHOBJ/IKOBATU  MPOEKTMW.
MporpaMHUiA NakeT Moxe OyTV BMKOPWUCTAHO
Ana peparyBaHHs STL-dawnis. [na npwuknagy
pobotn rpadiyHOro pegaktopa Hamu 6yno
obpaHo 6e3kolTOBHY Nporpamy Blender uepes
BMCOKY LWBWAKICTb pobOTM Ta AOCTYMHICTb Ha
H6araTbox onepawinHMX cucTemax nepcoHaNbHNUX
komn'totepiB. Poboue  BikHO  (iHTepdeiic)
nporpamu «Blender» Ta 06'ekT aAna peaaryBaHHs
HaBeJeHO Ha pwuc. 6. 3D-mogeni xipypriuHoi
MackM Ha obauudi Ta pegaroBaHa XipyprivHa
Macka 306paxkeHo Ha puc. 7.

OtpumaHi 3D-mogeni Mackm BKasyHOTb,
Lo X dopMa CNpOLLEHO Ta Yy 3araibHUX pucax
NnoBTOPHOE  dOpMy  TiEl  YacTUHWM  0banYuA
NIOANHW, AKYy BOHa 3akpuBae. [pu upomy y
bpOHTaNbHIN NAOLLMHI BUPIO Malike NOBTOPHOE
KOHTYp 06/11M4ua 32 BUKIKOUYEHHAM BUMYKIOCTI,
YTBOPEHOHO HUXYe piBHA  BAMLb. i
Bi3yasi3oBaHO MO O6iYHMM KpasM Macku 3a
PaxyHOK HaTAry TacbM, LWO He 3aBXAu
CNpPUNMaroTbC  ecTeTMYHo, 60  CNOTBOpHOE
npupogHy ¢opmMy obanyua. Macka LWinbHO
npuasrae Ha nigbopiaadi, BUAMLAX  4Yepe3
eNacTUYHI CTPIYKKM, OCHOBI HOCY 3a AOMOMOrOH
HOCOBOro dikcaTopa, 3abe3neuyroun
eproHomMiky — BupobiB.  luTaHHA  ecTeTuKu
bopmoyTBOpEHHs MpupogHoi opmm 0bamyus
MOAVHN Yy Macui noTpebye  KOMMAEKCHOro
BUPILLEHHA LWAAXOM O6rpyHTOBaHOro BMbHOpy
maTtepianiB ANs  BWIOTOBJIEHHS ACOPTUMEHTY
3aXMCHWMX Ta MeAMYHMX MacoK BiAMOBIAHO
bYHKUIT NpU3HaYeHHs.

BucHoBkn. [poBeaeHi  AOCHIAKEHHSA
A03BOAMAN OBIPYHTYBaTU AOLIBHICTE BUOOPY

Niteparypa:

1. TepewkeBuy A. l. 3actocyBaHHA MeToay 3d-
CKaHyBaHHA 00'ekTiB B ekcnepTHi cayx6i MBC
Ykpainun. Kpuminanictuununin sicHuk, Kvis: AHAEKL,
MBC Ykpainu. 2014. N2 2 (22), C. 158-160

Ta BWKOPUCTaHHA nacmBHux 3D-ckaHepiB 3
BIAMOBIAHNUM NpOrpaMHMM 3abe3neyeHHsAM Ha
OCHOBI Cy4YaCHWX CMapTHOHIB 3 onepauinHUMu
cuctemamm iOS Ta Android ans 3acTocyBaHHs Y
MPOEKTHMX MPOMO3MLIAX  LOAO CTBOPEHHS
€ProHOMIYHMX  3aXMCHMX  MACOK  PI3HOro
npu3HayeHHsa. BkasaHO pI3HOBMAWM aKTMBHMX Ta
MacMBHWUX  MPUCTPOIB  ANA  TPUBUMIPHOIO
CKaHyBaHH 3  BIAMOBIAHUM  MPOrPamMHUM
3abe3neyeHHsAM, ONMcaHo NPUHLMMK iX poboTK,
a TaKkoX HajaHo rpadiyHe 306paXKeHHs CxeMu
PO3MiLLEeHHs pOBOUMX eneMeHTIB akTMBHMX 3D-
ckaHepiB. /loBeaeHO AOLINBHICT BUKOPUCTAHHSA
nacmBHUx 3D-ckaHepiB Ha 6a3i cMapTdOHIB Ta
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KUZMENKO V. V., OSTAPENKO N. V.

Kyiv National University of Technologies and Design, Kyiv, Ukraine

DESIGNING AN ERGONOMIC PROTECTIVE MASK: VISUALISATION AND
SELECTION OF 3D SCANNER AND SOFTWARE

Purpose. To substantiate the feasibility of passive 3D scanners based on modern smartphones with
appropriate software.

Methodology.is based on 3D scanners and appropriate software systematization and generalization,
comparative analysis; visual-analytical and information-research approaches.

Results. The active and passive scanning devices type variety with corresponding software for iOS and
Android operating systems presented, the operation principles and their use in project proposals for research
and ergonomic protective masks with various purposes development described. The using passive 3D
scanners feasibility;, active and passive 3D scanners working elements placement graphic representation
provided. Proposed software selection criteria for visualizing the design solution and digitizing the mask on
the human face. Substantiated medical surgical mask made of different materials for everyday wear and as
an individual protection of respiratory organs choiced. The "Polycam" application interface presented at
various stages of visualization and a face mask 3D model creation.

Scientific novelty. Characterized, summarized, visualized and singled out the most popular software
for smartphones with Android and iOS operating systems, the "Polycam" for Android and "Scaniverse" for iOS
programs is justified based on the proposed criteria and features are choiced.

Practical significance. Proposed approaches for the new design solutions, for ergonomic protective
masks varieties creation, passive 3D scanners based on smartphones with appropriate software for practical
use. Based on the analysis of the studies, the device and software recommendations use for visualization of
personal respiratory protective equipment are provided. The 3D scanning effectiveness of the human body
and its specific volumes (planes) researched and can be useful for clothing designers of various purposes,
game designers (3D artists, multimedia character artists), IT specialists, etc.

Keywords: design, protective face masks, 3D modeling, ergonomics, form visualization, 3D scanning of
the human face, software, innovative 3Dface technologies.

IHOOPMALLIA KysbmeHko Bonogumup BonoaummpoBuu, acnipaHt, kadegpa Moaum Ta CTWUAHO,
MPO ABTOPIB: KuiBCbkMIA HauioHanbHWIA YHiBepcuTeT TexHonori Ta amsaniHy, ORCID 0000-0002-
7983-1688, e-mail: kuzmenko.volodymyr.95@gmail.com

OcraneHko Hartania BaneHTuHiBHa, A-p TexH. Hayk, npodecop, aekaH dakynbTeTy
MUCTeuTB i MoaW, KMIBCbKWIA HaLliOHaNbHWI YHIBEPCUTET TEXHONOTIN Ta aAn3aiHy, ORCID
0000-0002-3836-7073, Scopus 57191843580, e-mail: cesel@ukr.net

LintyBaHHa 3a ACTY: Ky3bmeHko B. B., Octanerko H. B. lNpoekTyBaHHA eproHOMIUYHOI
3axMCHOT Macku: Bidyanizauis Ta Bmbip 3D-ckaHepa n nporpamHoro 3abesneveHHs. Art
and design. 2024. N23(27). C. 204-217.

https://doi.org/ || Citation APA: Ky3bmeHko, B. B., OctaneHko, H. B. (2024) MpoekTyBaHHA eproHOMiUHOT
10.30857/2617- || 3axmcHOi Macku: Bidyanisauis Ta BMbip 3D-ckaHepa 1 nporpamHoro 3abesneveHHs. Art
0272.2024.3.17 || and design. 3(27). 204-217.

217


https://uk.wikipedia.org/wiki/Tinkercad
https://uk.wikipedia.org/wiki/SolidWorks
https://doi.org/10.30857/2617-0272.2024.3.17
https://doi.org/10.30857/2617-0272.2024.3.17
https://doi.org/10.30857/2617-0272.2024.3.17

