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LECTURE 1
TITLE: 3D SURFACE RECONSTRUCTION

LECTURER: Prof. Vincenzo Piuri, IEEE Fellow, Universita degli Studi di Milano, Italy

ABSTRACT:

Applications based on three-dimensional object models are today very common, and can
be found in many fields as design, archeology, medicine, and entertainment. A digital 3D model
can be obtained, for example, by means of physical object measurements performed by using a
3D scanner. In this approach, an important step of the 3D model building process consists of
creating the object's surface representation from a cloud of noisy points sampled on the object
itself. This process can be viewed as the estimation of a function from a finite subset of its
points.

Problems of this kind occur in many branches of applied mathematics, and computer

science. Many techniques have been developed to face them, such as interpolation,
extrapolation, regression analysis, and curve fitting.
In computational intelligence this problem is viewed as a supervised learning problem, where
the two-dimensional vector coordinates of the single point is an input instance, while the third
coordinate is considered as an output label. The approximation function identifies how to obtain
labels from instances.

Several effective computational intelligence paradigms have been developed for solving
these kinds of problems. For the solution of the function reconstruction problem, neural
techniques, generally, show a good trade-off between computational complexity, accuracy and
robustness of the solution with respect to other methods. In this context, there are many
different paradigms which are able to find the approximation function, e.g., Multi-layer
Perceptron Networks, Radial Basis Function (RBF) Networks, and Support Vector Machines
(SVM). In general, there is not a single paradigm better than the others, but each one performs
differently depending on the application context.



This lecture is directed to introduce the needs of the 3D surface reconstruction, to briefly
overview the techniques for surface reconstruction, to analyze and discuss in detailed the neural
techniques suited for addressing this problem, and to present the most recent results of research.

TEMA: PEKOHCTPYKIINMA HA 3D ITOBbPXHINHA

JIEKTOP: npod. Bunuenno I[Tuypu, IEEE Fellow, Yusepcurer Ha Munano, Utamnus.

PE3IOME:

[Ipunoxenusara, KOUTo ce Oa3upar Ha MOJEITHW Ha TPUMEPHU OOCKTH, B MOMEHTa Ce
W3MOJ3BaT YECTO B pa3IMYHU OOJACTH KaTo TPOEKTHpAHE, AapXeoJIOTHs, MEIWIMHA U
passiekatenna naayctpus. Lludposusar 3/ 06ekT ce momydaBa 4pe3 U3MEpBaHe ¢ MMOMOIITA HA
3J1 ckeHep Ha ¢usznueckus o0ekT. BaxkHa cThIKa B mpoleca Ha mozaenupaHe Ha 3J1 oOekra
MIPE/ICTABIISIBA MPEJACTABIHETO HA TTOBBPXHOCTTA HAa O0OEKTAa KaTo OO0JIaK OT 3aIlllyMEHH TOYKH,
JTUCKpPETHA M3BaJIKa OT MOBBPXHOCTTA Ha caMusl 00eKT. [IporechT Ha MoAeIUpaHe MOXKe Ja ce
CMsITa ChIO TaKa KaTo OIleHKa Ha MareMarnuecka (DyHKIHMS OT KpalHO IMOJMHOKECTBO OT
TOYKH.

[IpoGneMu OT TO3W BHJ C€ cpemiaT B MHOTO OOJacTH OT MPUJIOKHATa MaTeMaTHKa U
KOMITIOTbPHAaTa HayKa. 3a TAXHOTO pellaBaHe ca pa3padOTeHHM MHOTO TEXHHUKH KaTo
WHTEpHOJalvs, EKCTparojalusi, perpeciOHeH aHalu3 M alpoKCHUMallds Ha KpuBa (Curve
fitting).

B u3uncnutenHusi THTEIEKT TO3W POOJIeM ce CMsITa OIIe U KaTo MpooOsieM 3a 00ydeHue ¢
YUHTEN, KbJIETO IBYMEPHHUS BEKTOP C KOOPJIWHATH Ha JajicHa TOYKa CIIY)KH 332 BXOJICH CIIEMCHT,
JIOKaTO TpeTaTa KOOpAWMHATA CE€ CMsATa 3a M3XOJCH eTHUKET. AMpoKcHMHpariata (QyHKITUS
ompenens Kak me ObIaT U3UNCIICHN €TUKETUTE Ha SJICMEHTHUTE.

Pa3paboTenu ca HIKOJIKO €(DEKTUBHHU KOHICTIIMA OT W3YHCIUTEITHUS WHTEICKT, KOUTO
permasat To3u BUJ pobiaemu. Hanmpumep, rpu pemraBaHeTo Ha mpobiieMa 3a peKOHCTPYKITHS Ha
(hyHKITUS, HEBPOHHHUTE MPEXKH, B OOIINS CITydai, ToKa3Bat J00bp OajaHC MEXTy M3UUCIUTEIIHA
CJIO)KHOCT, TOYHOCT M YCTOMYHBOCT Ha PEIICHUETO B CPABHEHHE C Apyrute Metoau. ChIlo Taka
CBINIECTBYBAT MHOTO PA3JIMYHU KOHIICTIIINH, KOUTO UMAT 3a L] J]a OTKPUAT alpOKCUMHpAIaTa
byHKIMs: MHOTOCIOMHaTa neprentponHa mpexa (Multi-layer Perceptron Networks), mpexu ¢
panuanna-0asucHa ¢yukuus (Radial Basis Function (RBF) Networks) u wmamuan ¢
noabpokai Bekropu (Support Vector Machines - SVM). B o6mus ciydaii, Haii-100pa
KOHIICTIIIUSI HE CBINECTBYBA 3a BCUYKHM TMPWJIOKEHUS, W BCSKA €IHA OT TIX CE MPEACTaBs C
pasIMYeH yCIIeX Crope] KOHTEKCTa Ha KOHKPETHOTO MPUJIOKCHHUE.

[lenra Ha nekuusTa € Ja CE€ MNPEACTaBAT M3WCKBAHUATA 3a PEKOHCTPYKUMS Ha 3/]
MOBBPXHUHA, JIa CE€ HAMPAaBH KPaThK 0030p Ha TEXHUKHUTE 32 PEKOHCTPYKITUS HA paBHUHA, /1 CC
aHAIM3UpaT W JUCKYTHUPAT TMOAPOOHO TEXHHWKWTE, Oa3MpaHW Ha HEBPOHHU MPEKH, KOUTO
peraBaT TO3H MpoOJIeM, U Ja Ce MPEJACTABAT PE3YNITATHTE OT HAl-HOBUTE U3CJICIBAHMS.



