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Solid Model Reconstruction from Unorganized Points with
a Marching Lattice Points Method and Local Operations

TSUKASA MATSUOKA," KENJI UEDA' and MASAYUKI HAYANO!

As using 3D models in computer environments is getting popular, the needs of an easy
method which can construct geometrically exact shape and topological structure of solid
models from actual 3D objects is increased. To construct 3D models from actual 3D objects,
we generally use a set of points data taken from various 3D scanner devices. However, it is
very difficult to construct exact shape of solid models from these points data because of the
nonuniform density property of scanner devices. Therefore, we propose a new polygon mesh
reconstruction method from unorganized points set which can solve geometric and topologic
fidelity problems with our two-step algorithm.
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Method, (b) Marching Lattice Points Method.
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pendicular direction of the edge.

ZTT, MO BERAY 2, M IIBE Xy

YaThb. BLOEPSTEHITHEL TWL

ZEIED, BRTBAVVATIILF D

BB 5.

¥/, BAOHEEREOBICUTIIRT %

WEF -l oW BERZ TV, S5

INF BRI TR 5.

o THRGERREICIIBEEIEEAELT A5,
BHOHEIPSR)T Y Ay aDT il
F—PENMR D HDERR.

o THASTEMHRIEIC L) BLT B OW
T, BARHREY 247, S52KY
TY A9V 2DIINF -, BLERS,

ZDEHZ, TAVF-FORIZEFML &S, A

HREL BB B FTHRINE, SBOTRTO
HEBELTAHEA Y v apBohsd, 72, HA
FEIBE L BRI ER OB LR L b b v
BEFRECH B2, EA XY V2 0BRTHERIN
TR AR AR oo F ML T X 5,

4.1 AEOEEMZH

M RER AT O RidEM L L C, AROKELEK
Ay Vot BET AEICEET A L THE BEOIT,
FOEBEELOMOBERZHOBEE L TEHT 5.
HENOR p; R EOEHAZ P VHRICHEL,
HEORDEVE Y 2k0B. 20Xl p 7
NRTOEEREL, Hp & &b & OFEEEIFED G
BRI 2 5HICHEZERT S, COHKTFEES5(a) i
RY. EOEICODFETERVEICEL TIX, i
HTER VAL REHEEC 2 2B Lo M- I3TES
ZRD, FORLTOBREERNT ML, BEES
BIEACRET 2EOERNY M ORTHAEIED



2382 THHALE 2 S5 CRE

AEREICBEL L TEETS. 20T 2R 5(b)
N7

COEITTHILET, BEAOKIITRT, &K
Ay Va2 EBET LT IPORDBHEICR S, T
TOEOHTHE DEWFIREKTHLE Py, BLY
Py BT AW, ThbLHEDERISERTH HHE
Fp 22w, #akd 5 TR SR EC BB AIR
Ve TN TLDRICEFODDOIBBTEL L HIC
3 - FEHTEL L)L TBLILENH S, LIL,
BEICL D Ay Y2 OBEFRI BT RTOH
CHOEMIE LTI ORFEFICHET A FIEHW.
T, KR X THEHEEOHIRD 2D, Ay ot
ER SN LHENTOAROHBEEROER 21To
T2l Ah, BETHERD I, FLALDOEETES
EFLEME AV VAR ERTAZENTE.

4.2 Ay aIFRIF¥—

T, IBAY Va2 ERICHWA Ay 2D
FVF—ZBHET L, Ay 2T RV F—IL Hoppe
LMk, ROLIICEHRIN TS,

RY)Ty Avda M OLFVEF— BE(M) X, &
ERYT VAV V2 DBOEBRIFINT — Egee L1
BOBRELANE — Espring DFITRENS.

E(M) = Edist(M) + Espring(M) (4)

BEMEL AV — Egipe 13, HEOKZELLELEN

A2 DOENOERED 2 FHTERIND.

Egise(M) = Zdz(mi,m/(]Kl)) (5)

ZIT x; BEBOR, ¢ov(K|) ZEOAEMKEEIC
AT L BARRNEAR K CRIDT52—27 1 v F2EH
O, THHbLEHEDBDERL TV5.

BROBESZANVFE — Egpring 13, BEORID 2
FMTAER k 2READDOL L TERINS.

Espring(M) = Z KlIV; — Vk”2 (6)
{j,k}eK

4.3 TERHERE

HEAR XY V2 DNMERE AT FEHMREL AT
7201C, RATEESERE (vertex split)!? %NS
BHREICEZ B X R T Y Ay v 2 BT L L
THIRLZZ. b by, HESHEME (vertex split)
%, Progressive Mesh 1212 BT BERSEIEE (edge
collapse) 1234 2IETH 525, RO X 5 % BHK
HAFCEBRL, FHOERREL L THYS.

1 s 4 4 4 4 4
vsplit(Vs, Cvy, Cv,,, Fit, Fiu, Fri, Fro,
Y N N T
Vi, Vu, F1, Fy, Cv,)
ZIT L RANRIEE, tREIEIRERT. V., W,

May 1999

Cy, Vi
Fie\ys /e vsplit P««
F Fry

Cv, W

6 THmoHEERME
Fig.6 Vertex split operation.

Vs

vsplit

|
NN/
% E

Ve =Vi =V,
B 7 TRSEHRIEC X 2 FEAL

Fig.7 Detailization with vertex split operation.

Vu 3IBR, F, Fr, Fi, Fu, F, F i3, Cy,,
Cv,, Cv, ZEEL ZhZThRLTHBY, EXHMOM
%2 6 IR

C DTESEZERRERE vsplit 13T, Vs ICRED
HEFRKRTHHE Fy ADTHR Ve, %, Cy, IKTH
B Vi, OEEE, Cv, CHEDOEEFERTSH S
Py OEEEY, ZNENG2 5. ZO#KE, KT
Ay vapbRGEVE P 2R )T Ay a0
PRTBE V. LT AFEMMESTE S, BT ICEDRKT
2RY.

B Py BEHE SN AT Fy OTEH Vi, 13 3 RIFET
%. ¥72, Fi, Fu, Frt, Fru OBE#HS Vr, OEb
DOBEOMERICEVEBFLET S, 20X, A
T 2 M ERIEC W OB S 5, THA
FERRIEL AT o7 Q) WWRTRVT Y Ay v
DEFVE—FBMNIR D X R EME RIRT 5.

4.4 TEADZREOI XX —EE

THEAERERIRDO T ANE —DES AEyepuit %,
TEEDERRIEC X D 2B LU B SR 7218 & RO
IANF —EFETH.

AEyspiit = Eaist({(Vi|Va), %, *})
+ Espring({(Ve|Va), ¥})
- [Edist({V:Bs *, *})
+ Espring({Vs, *})] (M
ZIT, {(VeVa), %, #} BIER V;, Vo DWFhe



Vol. 40 No. 5 B AL B B 887 — 72060V U v F 27V AEIEHH 2383
xR 2 FFEEOEMER
Table 2 Performance statistics of our method.
ETN n k  pmin C L m Tm/To (sec.)
parts (X 9) 5052 5 1.95e-2 1.7 20.02 5051 106.94/5.46
moai (X 10) 3042 5 2.26e-3 1.6 33.95 3032 187.46/36.44
bunny (B 11) | 35947 5 2.80e+6 4.0 1.4le-2 35688 1586.88/386.42
n: number of points, m: number of vertices
Tp : process time from points set to basic mesh
T : process time from points set to detail mesh
Vi Vi 4.6 BIFTBBEFEOIXNX—EE

eswap
Vi i W Ve

Vu Vau
8 MRt
Fig.8 Edge swap operation.
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(a) Points set (b) Volume model

(j) without eswap

(c) Basic mesh

(d) Dense mesh

9 CAD 7—% 25 BBAERL 7o SEAORIEH]
Fig.9 Reconstruction of CAD object from randam sampled point data.
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(2)

B 10 K - SERERBEAN OB © (a) shape from motion FHEIC & 5 ABE (B4t
U o —{EHREETTATERE), (b) AFEIC L B EHRTET vV
Fig.10 Reconstruction from non dense and non uniform points set: (a) points
set from shape from motion (Courtesy of Information and Communica-
tion R&D Center of RICOH Company), (b) reconstructed model with our
method.

(2) (b)

11 ®EE - — R O#EBH : (a) laser range scanner TEHY S 7- B
(Stanford University B — %), (b) RFHEIC & 2 FHREF L
Fig.11 Reconstruction from dense and uniform points set: (a) points set from
laser range scanner (Courtesy of Stanford University), (b) reconstructed
model with our method.
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