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Abstract

Triangulation under the line features constraint is the foundation of urban 3D modeling. Based on
the analysis of the algorithms related with Constraint Delaunay Triangulation, a method based on
two-step is proposed in this paper; firstly the data point index is established using Hash function
method, then the initial triangulation mesh of unconstrained data is generated using the surface
growth method, and local network is triangulated in the affected area of constrained line seg-
ments, and a complete three-dimensional model is reconstructed. Finally, taking the building re-
construction as an example, the validity and reliability of the proposed method are verified by
comparison and analysis.
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1. 5|

B85 BT R AN gk, 3T =4 . 2R AR R B ok A2 BT EAL[1],
T AN = £ M (Triangulated Irregular Network, fRiFR TIN)AEGEE 1 AASKII 73 A5 B Hcds A4 B i 2 =
FHTHSRIE T H PR R, PRIGE &S0 R 5 202 B o ARdER Delaunay = I AT LA & Jo AT i £ 3 %A
FIBUS IR = MAIEE 4y, RN Delaunay =4 (Delaunay, Triangulation, faifxA DT), H A& H
MISLEA S EE. B AAANL. S AMAKS, Bt b B s A S5 . T, #59
B B AR ARG R, WIE BRI T MR e BRI 545, LEXT AP a3 AT = A 51
o, ZAHEI A R PR R R A AR R, BB T 1) =4 (Const rained Delaunay Tri-
angulation, 4E5 2y CDT) [2], HAKIETLL K MARAE Delaunay = 1355y, 5 45 B A0 1R 6 PR AR X 75 3
TRUE . BETS7E S A4 I 2 T 2R ek 2 o ot B AR A R P 45 SR AT 2SR = A 2, S A S G 45 R AR
SRR EEI AT IR S AL, RASCHH AR H BTt .

A SR E TR L R B4 T %) Delaunay = f#I43 500%, 8 SHINT 7 WL CDT
M, TR R R T A b, SEILRARFIE L R I = 4 f IR A B E A

2. CDT #HXEEnHh

AT SCHR, CDT Mk iE Sk nl A9 v in ~ JLp:

1) 23R Lee 75 1986 A-d i 8 29 B Hm sek iy o] W, A LA mT L4 B AT )¢ CDT[3],
IR 4R B O(n2) .

2) s #-GIFEE. Lee T 1980 fEEH T ARL R H R Delaunay = #3143 143 #1-5 5%, Chew
WIS H B L RBAEIE[4], 5 F-E I EIEPIT B0 (nlogn)), (ALY L B AR5 20 #IL AR 1)
SEI LG A PR A

3) In# %% . Boissonnar KL A O AL R AR, e ARG BTN, AR E X INE S
(A AT A2 ) Delaunay = Ml 43 [5].  Inas i F2 (KB 18] 52 24 5 O(NIogN), % 547k Wi 5 ) S,
I FRIR T BE R, SR T ESR I EIE AR

4) Shell =ftb5i%, Piegl #/H T Shell = MAL5E, ZEIVEHRE —LRLBI G, LLAT WL A2 b
PR N UE N AR AT RS = 6] B = AE G, LS AR =N B R AR S = R
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FEEAN = FM

5) Wisbid. LR HATMN 8L 1 —M 77, DL Sloan [7]F1 Floriani [8]1 9403, BRI St 418 %
P AELI R Delaunay = A MAIE NI =M, SR 5 RN LR EE BN ey S A% 1#E 47 R 244k . Floriani
MEEECARE, H— P AT @ AR AR S IPIaE =MW, 58 DIERIIE =M M i AL
W . Sloan fEL R BAR N AR, R X A A B se i, X —5EIE A Tx A eoxt B2 ) DY 3 =2
PR ), DRI S R I FH A 9 TR ¥

3. £ETRWPEEN COT WidiE
TPk COT Bk A RidtE, NHA 2. ARSCHE S ESEH DL COT 1% AT
FC, BN BTG Delaunay = M5, ARG LA AR AN B UG Delaunay = f M. A T $& m BdiE
PRAE, E=AMEEAER AT, AR Hash B3 7 0 23 A 8dE = 5] .
3.1. Hash &S|z
Hash BRI i 5122 DL TR K143 A SRS 1 — R EL 55 = 2 A0 R 49 754k [9], R Hash pRE i Sk 7 &R
g1, ATCAEAT O S S B S B AL, DM R L k AR R AR ARG R R RS —
MR BN, GE&EMGK X, Ly, Lz
LX = max_Xx—min_Xx
Ly =max_y-—min_y (1)
Lx=max_z-min_z
Hrf min-x, max-x, min-y, max-y, min-z, max-z A=k EUSEE = AN A bREN T ) R S BN
FrA
RGBT A KT R A G — AT R gy, 2/ NEE S, T O T E O A kAR

o VBB s N B LK M:
Medge = 3/k—LX:yLZ 2

Hrr, NOWEEE s 8 H, KOSBIE, — BHUE DY 10~20. T DHEK T B B &) 209 m > n
*IANETTROES, HERKITRGEER X, y, z 8577 RIS EE 7258 m, n, L.
m =int(Lx/Medge) +1
n=int(Ly/Medge)+1 (3)
| =int(Lz/Medge)+1

Bl 1 Priyia ITAE RN ST R BRI & 2R 515
i =(int)(p, —min_x)/Medge

n = (int)( p,, —min_ y)/Medge 4
k = (int)( p, —min_z)/Medge

cell _index=ix jxk+ jxk+k (5)

HIH Hash 52 $077 3277 EURSE T 2448 2 (0 H AR IR GBS HHE 2R H AR RIS s B e A /NS2 75 4 AR
#& Hash R #n] DAPRIE HEAT k SRR, $RAHEREE
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3.2. TARVB=AMEE

ARSCR N TS e Jo B T 1 ) L K 0 22 U Je) A A R R T R ST AR = A W o BRIV e b5 = A
IR, BRIk =M MR AR AL [10]. il 1 B B BRON:

1) By =i, R =M E W B ES - DPIRTIR, BTSRRI =M e .
B IR BIFT = M6 SR B R, B X, Y, Z Abhrdh i S AR ORI s R — A R
iy =M HIA TR . ARAEATFIRIGEN, =fIBINEF RSN, #R=ABI SN E R, 4
=M =214

2) =MPREIER, MMEIAERKESRE R RILTF R DRIy B, REERRILY A
SR RIARI AN R OB RO =M1 EAREREF, =MWk S UL o8y el , W
BT RIS e, ELRITH s e te.

FE= MR Z T, BN k AR R, s i Rl 2y, KA Hash e 80 52 A 50 AT L
TRES 5 FHR BN S A B iR 51 5 (index), AR RIS R IR .

3.3. YRIBATERA

TELV AU BRI FE Y, AT 2 2 TR 2 B IR 5 Ml 48 S 24 o 28 B3 i [X 338 = £ )y 50 o 2t e SR B
IR B [12] o

3.3.1. BIEARLEERNFTIX

S RGBS = M R R B R X 3k, 2R BLS = MIERIAE RS v] DAL TR 2R B S 26 B A
A [13] 0 AR PR HE e 100 R0 Sz A A0 P W 2R B 5 2k BOAHAS I 26 [14], ZRBAAHACAH 4 P& DL, Wil 2 fr
7N, UL 2(a) i, L2k B AB FHASHIIL /2 PoPs,  HHAHAS I PoPs v LIS B HAR L =M T, FHH T
Sk 5 AW L BUAHAE 4 PoPs 43I N L A=A Ta, XFE T L EBHR BN RLE S 1 i sl B FifE
=% T3 NIE[15].

LI RLEBE AB [RZMAIE MT = {Ty, To, T}, N 7RSI HINER, A SEERAA iRm0 X
SRR BSOS RN 2 R 2R B £, T — NMABER AT 5 4 R LR BE AB AHAC I BT 1 (PoP3, PoPs), HI—/
=T RATE = ATE(Ty, To, Ta)s F— NI EER AR 5200 X 35 (1) 412 5 A 32 (P1Po, P1Ps, PaPs, P4Ps). 4
SR DX 38056 i Jr R I, I A S, AT T — R AR BN

LR T

HGER T =R

Sy — S LI

Wi i

y
B

Figure 1. Triangular Mesh Generation by Growth Method
L EKE=AREEIS
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Figure 2. The cases of Intersecting between A Constrained Line Segment and Triangle
2. ARG S =RMAEZNER

3.3.2. ARGEEWXE=AMEHER

LY RN FIERBOT LA W, — gl & 7E RN I R DN BN £, SO R s A s e . 54k
—FPLAE RN B AR AN A, I A W SRR A A

BT 25 T X g 08 58 40 B2 52 80 24 SR ) R AL 1 22 T B S i VA AR R AN IS AR E s NP
I A SN TR 2 P8 [V 2 1), H TR R MR SR RIS S = A g5 4 . SR A A
AR B AN, ARSCRHAEA - SZHAHES S R, SEIA UL RN .

1) A HIWT S 2 AR AR A 1 AN A AR ) = A T T — AN DA T, W2 5 5 R A 158 sAE
BRI, EEARAR TR, AR BN =T, o, B AN S AT E AN E TR R R
WSk N o N 3(a) B, ZRZ6E: AE, 5 HAHSS I 35— 25348 DF, 58 5508 H, XF REFSERE = £ &y DEF.
CDF, s2mifluiZife CDEF MU, M4 LL E-AR, K H NI SUmAR . Wi 3(b)frw, %
15 DF MR TS E, MY SGHT I = #A7% DHE, HEF, %% 5 DF MIXTHITH A C, MIBHTHI = 7% CDH.
CHF. 7E#iHI = DHE, HEF, CDH. CHF ', CDH AN/EHfIsmiis .

2) W5 L SRR A A FE AT = ST T T — AN YA T, JUlE e S B A e B AT o
FRAREI, HR PR AT A — AN B @ AE N, Tk T2 R s e sk Y = AR T A
o ik 3(b)FR, LIRZE AE, SHAHAZHIEE — 2140y CF, XL =M%y CHF. CFG, §ZHH
(VYA CHFG i IUia e, RE DL EEAR, EBRXHAL CF, THA GH, it R = M 4,
GHF AERZM Y, 4 3(b)Frm o

3) il 3(c)Fw, Kb s A R P s, H I AR GRS AT A A RN, BRI L)
= MEHHE— R, ] 3(d).

4. EWERE S

XK S BRI AT 1WA JFG v O 2SI R S i SRR A SRS W B T VSR = 4 S
W, WEERSUEC EARHUY S 4R SRR N R, K 4 SR TSI HE h =gl s S 4R LR 2R
LB BRI R AT SO o X SEIR 25 AT 04T, HRRIREIEAL Hash 2 51 4 2 e #6401l 23
min. 16 min, X Hash R 5| JGkEN7E 165, 14 s /247, AR =AMnE 5 Fins.

M5 R A SO IES BB =M I 45 50, 7T DUE H = 51 40 RS AR b b JR 3L 1 i 4 b 3 T
LRI RY, = WX AR K BRE AR 1S A LR 3k Tl & — Bl b, ARSI A IR N\ A A3 d i e
JEAFBEIF IR EE, DR 1 LAY A0 B A S IR e

5. &g
ASCREARBR S T LA 210K F IO = 4 To 5 22 B = f B4 W, P B S AT 0T (0 2Rk E, 4R

DOI: 10.12677/gst.2018.62009 76 Wz kl2EH A


https://doi.org/10.12677/gst.2018.62009

s

@)

A A A A BA
B G B G B B G G
C C
F C F F F
D D D CD D F
E E E E

(@) (b) (b) (b) ©

Figure 3. The Process of Adding a Point to Build A Triangle
[E 3. AR emZ=fAEaidiE

(a) 231 Hdls (b) H3 2 Hidhs

Figure 4. The Distribution of The Original Point Cloud and The Constraint Line
E 4 RIS ZRAREDHIER

(a) A 1 =4EMHs (b) B 2 =4ERHE

Figure 5. Generated Mesh Model. (a) Mesh Model of Building 1; (b) Mesh Model of Building 2
5. AXFEERBIMIEIER, (a) B 1 ZHMIR; (b) B 2 ZHEMK

BT MR = M R > ik, 12071 K ] Hash BRACE AR R 91, FIRERIEEYIIR =
i, RHHEA - SCHM LG FERIEAT =MW RMERE, KR, AR T =4EE R 2
R, M HAARIE T = 4R HOR R BN AE B R s R AAE R, A BT =4 AR
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