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Abstract

Solid modeling technology is an important research topic in the field of science and engineering
computing. It is the premise of scientific and engineering numerical simulation to describe the
shape of the object appropriately by solid modeling method, so as to determine the computational
domain. In addition, solid modeling is also the foundation of applications in the fields such as com-
puter graphics, computer animation and visualization in scientific computing. This paper reviews
various current mainstream solid modeling methods, and focuses on the theories and approaches
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of implicit geometric modeling. We also analyze the existing problems and technical limitations of
current solid modeling methodologies, and give the research prospect of this field.
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JRAHRE LT (R, HAENUED 715, HBEDIR, AU iR AR AR 25 S s AS 1) 2 IO BT o
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s SR AR T AR AT I8 L R % [1] 85 2 Kl i 2 i i [2] 6 77 2R AR DX A A B A
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% 2k ) 2 X 3 P AT AR [3] [4] [5], WA 2R T 5 it s SR R 4011 S5 (B THI 6]«

Figure 1. The solids represented by explicit mesh (left) and implicit function (right)
E 1. EXWIE(E) SRR BRENIDEIMNE(R)

FETXS AR HE, SHAAMER R GRAREEANS . —HH, BRSAREE kFRIA Skl
FEECNTEM, AR T AT BRI, L4k, R ENUA# B T (Computer Aided Design, CAD)
SRR TERRRE. H—Jrm, B U a X8 P 20 X 4 16 R ARt 15 ba Qe R Ay vh e
V2 NPT S 2 2 A SR B 0 il B e R 7] [8]. 5 B R R IAM UM RUA HE, Ba s ) LA R
ot T AR I AN A 7R s 45 5 T B B AP A& R PE[9] [10] [11]. UBkAh, TEAHSSAIR Y i2 B A il Peid 72
SR B U 2 5 T I BB A% 38 LA PR AN ST R 40 $h 10 B 42 A5 40 [12]
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2. BRASLHERGZE

SEAR AR IE T Wt — R AVBCA AT B U B R RO A 8 = S SR . ARG T3 T 2R AR 2R T A LA A
BLJTiE, SRR T4 B T ORFE LT S R 15 B e e i, W3 R L FE A A 12 [13] . H T, 7ESE
PRSI, f%) 72 K F I SEAR RS 70 il R o i (Boundary Representation, B-rep), )i SiA J LA
(Constructive Solid Geometry, CSG)#14}fif# 712 (Decomposition Representation, D-rep).

21 ARTE

WFFIREFEZHT CAD AR ZER A A SRR 7%, I AR A A 10 3R 4 J7 B iy 2 S 1
[14]. W 2 P, fEUAFoRES, SASh2 AN A S ORI, 15102 6 g4, 4 s
BTV 1L ST BRI, A ST LL 4K - 1h) - 36 - 34 - 87 B 07 R SUE R

Figure 2. The solid of boundary representation

2. IMRFRERIEH LK

0 R R 5 B 5 SUM N [ ¥ B0 45 R SR 4H 2 S 2R T 55 T LART G R 2 (A1 A0 50 &R » A1, Baumgart
[15]42 H Z B4 45 ) (Winged-edge Structure), J8 i 8T 1d B 260 A S I P AN A0 HE THT, 3 T00 s A Z a2 410
PR e 10 A5 EORYES A JUA T R A R SR . Weiler [16]%¢ 1 T %8 412 45 #4 (Radial Edge Structure),
HRAEWAE, OB AR AME T MR AIR, B REHR R AN R . R A
A GER VP — F RIS UL il T, R AT DAAR B AR IR T 45 M I S AR [14] o T RN 2 BAR AU
JUT TG 3R Z IR AR R LLe /0 R, ERE A B i FR v, vt N GRRT DAt 1 8 s5ORH 3 (4 TR A A B
T BT BRI AT R AR . TR B R BB B 450, IR RORIEAE R R L R R
WHEEEHIAGE, EHFEEFHIMEE, B2 MREBONES, HIME BB AR B
W, EAY A RIS HE R g HIRAE[17].

2.2. ¥ESSFILATE

i SEAR U T AR YR AR A e AR, B S SCTAT R TR IR 2 A T LART 544 (Primiitive) , i ik B A JTAAT 5
A 2 8] AT IR B 58 R B A SRR [18]. anfEl 3, A SR L vk rh, AN SR i — B XU &
TNy FRZAEE SR T LR B CSG M4 (CSG Tree), MR F-45 s A LA SEAA,  HR )25 s A RIS B
R, SARIRYE CSG WM A - £2[19].

DOI: 10.12677/csa.2021.114112 1091 THENUR 5 N H


https://doi.org/10.12677/csa.2021.114112

BB, Bk

Figure 3. The solid built by constructive solid geometry

Bl 3. s SLiRJLEME S

i SR JUNE SR S5 M Tt B EBUNFE T B, AR T, CSG Jridn] LA I
BT AR O 2 B SEATEAR, 3 TT DA T U AN et R BE 22 R A T LT S A7 ey 32 S
JURT 5506 A SER IR IE RARIKRE F7 o 303 DR AT LA SRR PR a7 B DA R 36 ST LA A7 fih 1 A 7R s
BT, T LA A B 52 O SEAR B A o AR T SR RRE AR, Sl AR 2N BE AT LA S P9 R T
CSG J7iEIE RETT fH ) W7 mi AE SEAA DX IR 412010 i1 T R0 UATRE R0 T /R I8 S R A R R i) & i b
G SR LT 7 A B X Se A i AL A P A5 22 K S [6]

2.3. PEFTRE

MRAETT R, M RERRIFIE I 2 R (759, K S 70 D 0 B AN F) BT S LT AR B
Sk 1 7 ) v S A 0 DX, M R T R 7 ) o B A BRI S B AR TR, T L AT A AL
RIEWHA LR RIBAR. HAT, % WSR3 i R T35 )\ SO 757 (Octree Method) AT #1873 fif 12
(Cell Decomposition).

1) XI55 Wl 4 pos, )\ XI5 AWeR S %) 3, SR 5 R FH R Sk 2L 2325 A -7~ [ 4
RV TURTAME . FIESE S v R P 5 XIS SL 7 R &, ARG e — P AW i &5 SRS T ik
DX A AE 73 B \AS TS J7 AT B T4 0, e A St S WA S 14 R LT R AR A R OR .\
XAV RIE FE SRR RIR A %, —BUBILT, WA R 10 57 1) 5 SE 7 AR RRECR, 121
T R4S 2 AW AR oy AR B T SR RE BE[21] 0 )\ SO 77 A0 ] 51, 3 T a3k AT S 2 ) R S ARG I 45
B, ABRAE NI LT ANE RIS T, X i ZRAR 0 LA 32 57 S B s PR P 2 75 AN T 40 734
IR E I\ X 3 BRABR AR 25 8]

2) FICME: B 5, BT AR I R s AN RN Y BT B B e AR S RIA SR [22] . —RLE L
T SRITHIN BT SEAR N 5, AHR AL FFRIE AR BT AN et 52830 )&
JSEE, A BT AR 5 AT DASEAS B AR SEAAR K LT AN, A2 BROTAE B E AU T S ATUA5 212 /)8
1231 Ktk X sk 7y R D93 Ft— S fag B0 L e &, RO AR AR . BRI L+ 4R KRBT TN R AE
RO ORI, B H AT AR — TR A IR AR [24] [25].
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Figure 4. Octree space partition
4. )\ XK ==[E)%) 5y

Figure 5. Solids represented by regular and irregular cells
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3. BRALREEILENA

TR U AMERE AN T BASMERIETHER#E 2R, T8k, AFESURAIRT TN 51 5%
T A AR O LR AR AR D LR 22 S o, AR 5545 5 T A S [ [26] . e Ak L, BaalJ LT
HSE IR PR T 2 M P 3 32 D T bR 0P ot T 3 2 D VM T /KPS TR ) S BB s L AT R R 2K

3.1 [EXHmEERS5E

PEAE B B E St AT L Z E A0, B T BN RE A s B LfNis AL U5 249 ik
R IZ L [27] 0 ARG T B B i i QA I S 0tk it 22 st T, 55 Xt T3 28 7 vk vy DA Jok 55 b B
()Pl TR AT Rl B, B3 H BARE PR A R 5 2R (28] i 52 1y B s i T I 8 7 v R 2 6 i 3R )
FaxCih 1I[29] (Skeleton-based Implicit Surface), Hfa A S (1) HEA LA S A4 (Primitive) 2 AT, 2Bl
LN BB T [30]. Hirh, blobby 4rT#%4[31] (Blobby Molecule), FMEXARAI[32] (Soft
Objects), JLERIFAI[33] (Meta-balls)Fll Blobby 174 [34] (Blobby model) & &% LA T 255 42 (Point Ske-
leton)#4) 2 S (R Ba =l TG B 7 v2:,  HRIB IR A T SR B R BO LU RO AR 2 . R TR
3T Y 7 N s 2 B s 4R 22, Bloomenthal [35]42 Hi 5 #5 if HT (Convolution Surface) (14,
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LA J ARSI () 2T 22 10 TV A 24 T AL S S 1

X T DL A B 2R R s T, mT DUd ik %o i £ 10 2H 23 5 A 92 B Xt I [36] [37] [38] [39] [40]. Utk
Gb, AN R SRR SR BL CSG @A T, DI EE M 22L& A A e iy S, JFhe i s 2 1515k
PR 2 1 T S R [41] . Wyvill [11]142 1 BlobTree £, {5 A%} CSG M4 45 M g, 1M
VF) 225 pii ) 30 o 45 R AR S IOt T 190 25 st RV 5 5545 4F < Shapiro A1 Tsukanov [42]42 Hifid & X R e 75
3, LIRS 2 AIFIAC I, HHT T R BRI Rk . Gourmel [43]554% H 3T B2 (1) B iR 250
RE T, AIEARIR A e sl T 2 (R e, A i B s S Ak bR BB PR BRI i 4.

3.2. ETFKEERZEHRNER

AP AR AT 32 R TR A TR TR S48, 5Tl Osher #1 Sethian [44]%2 H Iz H T
BHIRMNEL: . RIS UK ERR e EH RRMMS SR L, 5 2B Bz s S L,
PR T BB B S R Z I B AR R iE M. BE)f5, Adalsteinsson AT Sethian [45]4¢
TR A K 4E R (Narrow Band Level Set Model), L33 & SUHIR FIBR 5K, R0k 4 ke
A M — N s S ks TR, ORI T 8E T B R T s T, B A g
BN BTG AE S AR O 28 o I LR, BRI 22 I TN B30 TOKSF AR AR L R 45 R4 R AL » Losasso
SE[A6]11E )\ SR WA b5 SOKSPERAAY, SEIIL 1 22 28 R A0 1 432 Bl SEAAR (1) A 15 48 T SR T A 2 [
. Museth [47]%+ T VDB %l 45 #(Volumetric Dynamic Grid with B+ Tree), 4547 DT Mi%[48]
(Dynamic Tubular Grid)F147 F# 4 B2 g i 7% 2L KPR 45284 [49] [50] (Run-length-encoding Level Set Model,
RLE Level Set Model), AMHAEHEShA R A 1 N INFE R IG, SCILAE AN 1) KB A7 0, 1 HSCReR
I [ BENL TS ) 351F . Setaluri ZF[51]42 H SPGrid 4% 25 4 (Sparse Paged Grid), SCHF R LA A7 SEELRHIAS
R PR N

B TSR B S R D AE A TR, F N R 2B 8T A B 45 A 3 i L T LA T (R 4 iR
FILBE ST Losasso Z[S2]fE Mz sl it #E rf, @it KPR VA SBL T 2 AME s AL B B 1 532 . Heo
and Ko [53]4& Hi7E WS 50 P38 Il s i 7 20, WiE o 2 T AddE, 78 FURERS B2 0 S 1 S e
FEEEI Level Set 771 . Mitchell [5414 H3d i3 £E&FAN PR T A7 0 2 RAF SR AE 13 /K P B BRL Rl 5
AR I U AMERIE, MR TAE SRR T, F TSP SR AL AT DA A R G5 [R5 5
XI5 RHE . Dan %5[55] [656]45 &\ X a1k 73 5 2 D& HAR, &1 T —M 2 EkEmbh 2 5555
PRES I A, S R /D N AE SRS I R 5 A B LT A

4. BE

FURT, KR S AR S AR N ) TR S AT AR G 1l AL, AR SR B R RAB BN 52 36 . AR,
FETHDN SR TRE il RN, 2 R 7 i AR AT 2% B IS RORRI R P 23 SEAR R U B L ELR, 1%
JTEAE T IR AT . — 7, AT AR T S AU A AR B R 2 R R S B i £k i 4
J7 AT SR, il 2 [0 A R IR AR H R 2%, HIRE TR G — bRt FEAR ZRKIs SRR I 4% B
AR, 752 LR e N AT e e ab . WS PE s om, SRV A ) LT R AR AN A 2k 5 9%
AR TS B et A AR U A R /e SR 2

Fi—J5i, B U AME A il T [F] A s ST 05, RRENEIE MR R L SME A 1 e
AP AN, ERATAE 7 EEHEAT T WS A2 B A O B aCI A%, Bl SR B AR ] (0 07 VT G T LA
KGR, HEMIIT . MR TR T AU A B AMERIA T, KPR AL & 3 Bl
SUAE PR R b, R ERIR BRI Fr i — e MR i, LRI RORE RE R IR T M AORE FE, Rt
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