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XA SCRY R AL T LT AL B A e SR IR N 20 . FEIXER A SEG T, AR BEGR T 6 I 3 A% 3R 7
JURTHRAE, B S =B R TR A i SRl R, ARG S = AL B mesh BEAR Y 2 Jm#dE . TE58 U LT AL 2
W25, ARRHSE]—AN TR = A RS SEAT /U T A0 43+ ot T £ A A0 i AR AR LA e

BTy SORY AL AR, 2

o TR R SEBUNHE ) 2 BTG =R R

o Loop HiTE AN - FF—AMRTE AL AK H S0 7 5 e T £ A%

o KT QEM (Wil &4k : [ Zhs b AR TR, 152 S B A

o £ 1n) R MEE ASAL : JREE NG IR TS, (TR A A A AR AR AR B 27

o VUIJERIHS : ik Dandelion SCRpMNEL . T4 Wi A e DU 120 T2 U A

HE— SRR PR UE S5, TS B VR R ORI — ) 5255, (HE R MEE AR RS
HCHRE S DB DL, R O 2 L. 12

TS EISZ AT, HHAREA TE Y Soi A T oy C+ &Rt 4

o K “TTUARTM” vy std::optional %A
o B C#% NULL x4y nullptr #&
e vector, set, map #= unordered_map iX Ut # A STL &8

XA RaF N EFERE L, REBE 5 A4TF https://zh.cppreference.com &% C++ 17
Ao LA

Lscy ScR% i il ElegantBook BMR4RE , 5 CC BY-NC-SA 4.0 Hhl & i .
2o R A MR  BERT E, EZE B AR UCREIRRA . 15— BRI ISR


https://zh.cppreference.com
https://elegantlatex.org/

R NP S SUNI) SIS

BT A0 R (G 2.7) Je LRSI BRI SER, XA SEI0 R Z AT B 2 AR LA T LT 454
H R a SN 4R LA AL BT R B

1.1 S5 N%

PR RS TE U B4 B ERIM:, SEOldn o2, SRR, 098 = PR T

L2 fiRS MR

1.2.1 U4t

2RI UM ERAE? Sl Rk, R EUEBUEAIAR A B R 0] AT LATHA, TS OB AR Y e e —
o R BRI AE, FroA LT XAGURA RN BT XS SRR R R

HANTBEERAEREAR,  H SRR B R T B A RCA AR 155, T AR 2 S8 h BT i
FHR 2 ot e Fs mesh BT XTSRS BEAE G i R0 RO X B B A i AR T T AR
Tl TE O LR, AT E M S, R 22T SE RS B B mesh ALFR AR H

{H mesh S5 A —ACH T, BECA T RIS HOEA SRR BOERN, AL I mesh BFEEAA
SEEEN SR WEET R, T — 22 )58 (local operation) 58 BRI HR (SRR E i1 f . Heanim
1L BRI R ORS L, SOE A S B AR R RORE . ARSI T B S B ) =R R A ) 1.1, 1.2
1.3 fli7R

Vel 11: B4R (G R PB R TR)

DI EFARAE S B RS mesh 1) — 2kl FRHERER D ANMATIGE, B L1 R2AE = AiE s LR —
SN IR . BEEERVERE ] DA TR R I G &R, BT AR T A iR, (AR S C R .

By BB 2 BRI — TR, AR RETH T 5 0 0 2 SN HA TR B SR
B 1.2 RAE= AR R L or RSl R . 0 R E AT VA=A B R TR SR e, i 240 2 v

Fr RS, P 1.3 . SRR AT RE S MIRTA A, PRI AT DA A A i T
FATRFXLEARAEFR N SRR R EATA T Z MR BRI (5 Batee s i, XA “REt” il
FE R TR S AR 5 R ERAEARRT T 2 DASEAMIE 2k s B~ WIS ) AR R 42 SR £z (global operation)
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Pel 1.2: iy R8AE (O FTRPUBRAICER, L EFRIEMIITR)

hy hinva

hinv2 h

@

Pl 1.3: a3t (BEEFRRWBEITR, LaFREMITR)
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s XET RS LA SRR AR R R

1.2.2 =30 k%

MR EAER R B -, FRATAMER BB A T SRS U A () 4B H2 X R DT M ARSE A LA e &, X Fh
VITAA T A AT AL B Hh A

I R R A LY mesh £76f 7 BB S RT ML G: IrE TSI AR BEAEAE B — AL, B4y
SEPIATIEZRS] (FFR) « B4 R AEE T TS RG] . XA U & NAFE, 2l 5 g AR5 8.
ERGIHANREFE /R TS . RN R Z (B4R X &, AHZIE L EAISR TR Uit AR AR . AR
A ik 7 5 TS v FHABI BT T, AR AR IR A A mesh HH R TR 5 v AR, SRR e B) e Ac
LAERKT .

FIA—FEIIR L TR kil (halfedge) , PR REMFEEAET LT ERGSRHE R R, SRS T bk .
EREAJUTICER VIR : 2. TS, SRR o 0 A% R ES R LM ICE, 1 HAE— 48R ARl
ERNRIN T Z R R . IR ATEZLS 4] Dandelion HrSEILA 2 A% o

A RAFIEE, BRI AT AR ER AN AR Halfedge 74 SR

o inv RF—&M TR, SIE g E .

o prev Fl next Jg—/NH I (face loop) FIRI—4M N —4F . WERMAELNR T IES, if

KL AR

o from, edge FI face fRYCZLILRYE A P A BT7ET .

XLEFRE PR AN 1.4 PR .

from

Halfedge
face

+ prev: Halfedge*
+ next: Halfedge*
+ inv: Halfedge*

+ from: Vertex*

+ edge: Edge*

+ face: Face*

Pel 1.4z 22300 5 HADTCR A BERE K AR

BT L I R AR PR A 5 ) 2 FR
o TRRIFM A O KL — 4.
o NAFEMNET B OHMERE 4.
o A RAENET B OMEE 421,

Dandelion [} 7 — >3k ST 2N SO S B2 U AS T LA A - R 500 PR ER AN ZE BLRY s SCERE T halfedge.h
ffd; Halfedge, Vertex, Edge 1 Face JXPUBpEEAZEAIRIZE A ENFES H SO S28L; rg R
TR ERN 2 SR B EERAE meshedit.cpp W o TEJUTACERTR A3 1) 5280 b, ARTR ZIHG I IE 2 & AR meshedit.cpp (19K

TR FHSCRY: JU b 4%t Halfedge , Vertex, Edge f1 Face &XJLANKRMING, WHIEFFHER
B2 T R B B, XA B TR T AR 6 ) R R DA B A A3 SR AR B 5

J&3)) Dandelion , fiN# cube.obj ik A (model mode) i w] PAF B HI #7 kIR il (anEl 1.5 72
IR ). HIEATFELAE LM AT, Wi S Local Operations —#2 R f#) Inverse, Next, Previous 253415t vl
PAFEIR S5 Bl BERE I T R Z D)3 (Aniel 1.5 AR ) o

s e SR 5 AR W A Y, P S 2 R AR R BT R AT ABAT YRR, Bl an )i


https://dandelion-docs.readthedocs.io/zh_CN/latest/d9/dba/group__geometry.html
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Pl 1.5 ST o S 21 P A%

PP SRR A o I BATIE T — A AT R A, RORANE 1.6 From . FIZEI T iR AT 7 R sl 4
e, SRS ER R AR B SRS RSBl T =AM RE)S, FTPARE R R RIE A S SL B2
IERf.

Pl 1.6: — %0 BHAL BT AIRNE S )0 LE

1.2.3 B )R A

e 301 AR T 4B 5 2 LA IR R, BIangRATTmT ASCA [ — 4 T0s ) Ny 43 (Y 1-ring neigh-
borhood, B[ FFG ELEEAHARAY TN, ) «

void traverse_1_ring(Vertex* v)
{
Halfedge* h = v->halfedge;
do {
Vertex* neighbor h->inv->from;
h h->inv->next;
} while (h != v->halfedge);
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XBACSAN TRAER: h->inv fIh BT AR A AT next MAPABERA RN
Bl W REAE inv fl next [AlYM, FATEHRTLATE O(1) B RIS A% B2 P il i — T B4 B A 40 4 i
(B AR AN TR 5 HA BT A TR AR AR 4 ) -

A FH X 404 5 2R S B R S A P AR — B X R -

LRI I A TR
2. BIHEGHTIEA IR
3. EORER XM EA TR
4 BRI TR
MRS A AARAIE L1 AR BR, A4 BB AU Es e (R AR Rl s R TR

optional<Edge*> HalfedgeMesh::flip_edge(Edge* e)
{
/] BB WA
Halfedge* h = e->halfedge;
Halfedge* h_inv = h->inv;
Halfedge* h_2_3 = h->next;
Halfedge* h_3_1 = h_2_3->next;
Halfedge* h_1_4 = h_inv->next;
Halfedge* h_4_2 = h_1_4->next;
/] ER BT
// vl and v2 are vertices along the edge
Vertex* vl = h->from;
Vertex* v2 = h_inv->from;
// v3 and v4 are vertices opposite the edge
Vertex* v3 = h_3_1->from;
Vertex* v4 = h_4_2->from;
/1 EREME kR
Face* f1 = h->face;
Face* f2 = h_inv->face;
/] EFEHELERTR
h->next = h_3_1;
h->prev = h_1_4;
h->from = v4;
/1 EARNHEBEER
return e,
}

EFEPNEREATCERN, FAEFEX R T RERE, XEERTAA set_neighbors FAL:

Halfedge* h;
h->set_neighbors(next, prev, inv, from, edge, face);
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SR KOTRK? B — R e iy e A EA TR, HF B2/ OR B E N1 2 [
LR, —HIERAR, A TRRRM A CRFRRRIERAR), HA2PMA inv 1 next W4 CRH2
BRI ) o S TR, BATEBORFRAES 5 R e U 2 pl—E 2 emile], FHe st Uil
WREACRA Y A CAEPIPIbR L™ R, PRI P sofniditon % .

PRI R T — 2 n R (LA 1.2), ERMRRZ G448 HalfedgeMesh: inew_[element]
fE%, H [element] WIDURAEM—FhEATTER: (UIZEEMA new BHEAFQEHTER)

Halfedge* h new_halfedge();
Vertex* v new_vertex();
Edge* e new_edge();

Face* f new_face();

FEXTH, P — RS R R MR — 2o (WK 1.3), XBMRVZEH HalfedgeMesh: terase pg
B, BATHRME T MERREFOC R I E R

erase(h);
erase(v);
):
)

erase(

e
erase(f);

R, VIV ERMH delete i@BAFMBRITE o XFHBA W] REFEBATHS AL Vi FE s i, R ™ 2 segment
fault, core dump 2 Z5HY A JL
B 1L L2 0 1.3 i R 1 i AR R O, TARAE SEBIX = A ey S A ) B O A — SRR I O -

o REZFNHALT mesh NFE, BPIATR IES. QUERFEAS mesh ANEH], WA W REAAAE 4840 T mesh ;5
i. M L1 ] VR AR ETR A “25087 45k, MR bR iRAOR R X fp il . X1
BANME, #EERIEAR RE U, WANZIMT.

o MMA—LINF EIIIF A A, EETE 1.2 i) v 5 vy Z—AfELE, B RRP VIZE EX M.

o Wi —A G FRyi @ LAY, (HIIX 55 G — M@ AT A i, B R AR v B AZ I B PN T o

AR BUER R H IS R, AMERR R BT I AR T S — AR AN A, TS ERRiE

inv FEEH IR 2 eE . HikPARea S92 IR BRI, — BRSO HIWNA AAES | H inv 48
B, e R ARV S B AS R, BRIRRT AR, SRR S o T AL AR . S T R AR A, R AT
RN DFARE— DR TR, I H XA R 2, EFEDOREE AR inv $85H#E AR
2, BOAXFEUAFE T .

Dandelion , Halfedge, Edge Fl Face ZHUH SR A EM KBS, 455

o Halfedge: :is_boundary, F/RERE IR —EBI.

o Edge::on_boundary, F/REEGENR L.

o Face::is_boundary, F/RERMEGNEMRMIAEH (virtual face loop) .

R, TR AR SO AR IR

1.2.4 KA

1T Dandelion [ s ¢ R LU A%, FATEHEEARMEH H SR ER T2 R OO T0#E0 AERTE
SIS R ARE A i spdlog H & %2, 7 Dandelion AgACHS H (i FH =l —A4f . FRATE LI ARl T
logger , H 75 [R5y H B 2 fll dandelion.log SCA%-H .


https://dandelion-docs.readthedocs.io/zh_CN/latest/df/d02/structHalfedge.html#a417c41407d754472bea866ce19ccd0f1
https://dandelion-docs.readthedocs.io/zh_CN/latest/d2/d4f/structEdge.html#a8161ef285af7e101b37c86f52970f8bb
https://dandelion-docs.readthedocs.io/zh_CN/latest/d0/d02/structFace.html#af35c64cb87cc4785e499fc6d8f28b6e3
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VAR BRAE B, FATAILAME Flip_edge pR%uR[E1Z fiffs th— Lo 45 f EORKL A B 4% J5 o R Rl A0 4
ERA:

logger->trace("---start flipping edge {}---", e->id);

logger->trace("(vl, v2) ({}, {})", vl->id, v2->id);
logger->trace("(v3, v4) ({}, {})", v3->id, v4->id);

logger->trace("face 1 2 3: {}->{}->{}", fl->halfedge->from->id,
fl->halfedge->next->from->id,
fl->halfedge->next->next->from->id);
logger->trace("face 2 1 4: {}->{}->{}", f2->halfedge->from->id,
f2->halfedge->next->from->id,
f2->halfedge->next->next->from->id);
logger->trace("---end---");

— YA B A TT RE & i R AR A7 S

[Halfedge Mesh] [trace] ---start flipping edge 49---
[Halfedge Mesh] [trace] (v1, v2) (3, 1)

[Halfedge Mesh] [trace] (v3, v4) (5, 4)

[Halfedge Mesh] [trace] face 1 2 3: 5->3->4
[Halfedge Mesh] [trace] face 2 1 4: 4->1->5
[Halfedge Mesh] [trace] ---end---

0 R MR HRL ) R A T A

I HEW LB A e 1d , XAERLRME—-ID , @ TRAEATRWEET R, 14,
. B A A O ID, I HAHEASESE (AR —E A AFEM ID, i H250 ID — @ T
IR, DARCZEHE) o 430G ID B FRAG 2083, WAURINIR THAICER, B ID iR BRI,

AR BB BARS VRS A BRI A H . X2 R T AT logger BRIAKY H
GERAIE debug (QIRARA Release B G413, BN HER G info) , IRTHEEAER I Debug -> Global
Logging Level FE$% Trace , X% H A S .

[ 1.1 A 2R ERERAX (5 Bk o debug H % info 2 5 H IR ? X2 FE A HES NG H SH& L. —%
info Z/RIEFIZFTHICS, debug MZHMYTILEE -

fie AR A, B info 3 debug R AR R & AAZET IR AR B T AT B E, kB A B IRIFET & 3F ¥ K 3R
R B SRRAE, RE 5 FART L7 XA . trace i@ % A T8 SFHAT ARG “GOFMBR7, HER B SRR et
W91 E1Z IR E A IANER R Sy, TN, — R XEEATRAWEZWMEER., o RIFHEE £
yritfe, RE G B trace BRI HETVAT .

1.2.5 %k

HMEALTE 7 LA SRS, THIHS geometry/meshedit.cpp H ) =/~ REL:
o HalfedgeMesh: :flip_edge , B3R [EHE AMNALE mesh A FRIHM



1.3 & A=B0lk

o HalfedgeMesh::split_edge , REREZEHRN.

o HalfedgeMesh: :collapse_edge , H3R¥# L AMIAE mesh LA FAIEN

SEHUR, THEA cow.dae UM, PEATRBRAGFIATHERE . 02 PHHRAES =K, BRI A ZI L
Mo B LT R—AHSENOIT, B TR R E R, RERA LS e .

Vel L7: iR TR (Z2) ST () X

1.3 23Rk

R TR A WK, e R iR TR A T ISR (S 1T)  HA A IR AR TR
LTI

B B TR =R, SRR 4 20, PR T 2y, AR 10 2. BTA LB S
mesh HFAYIEIL, HFEZUHIEE, AFRERATIR.



o5 2 %5 Loop 4 4

Loop fHTHEIZH7 (45 2.8) XASEE . IRFFM D =MIEMAE, IR, e isia.

2.1 AR
BIf% Loop U TINS5 AR S BAIE I A, SERON B PO IR 0 T4 5

2.2 fRFNIER

2.2.1 fnmgnsy

il 2.1 i T s T X

FATI B BB — R R BERA A BRI AT, T AR R 2 CH A TR, U ok — S e
i P R sl — > e i ?
firt P AT oY HEE T ik %

o WAy IR Z Aot R 0 5 AMILA , Wl “HARR A RTEEREN,

o Ik AL, ik —EayiEs, rbdoF Rk R ks,

o doRMFHEN LML E, KIFR oA LB KR @K, o RFHENS BTN,

w1 B # 4wy d ak Ak i R R R

i PR A A, AT R

\
N

24 [
14 j
04 [

-2 0 2 4 6

Pl 2.0: — 25 i /A RE IR U B B A A% il 2%

MR E 2R AR, BRI B R S = a2 O degimy (RbAbmS), I ELAREhH 5 s 4
HRAN R BTAR, AT R

L HTENE? S —H R B R, E—5A M RO RS . TRAOVALE, B REAH& 2 S%
it p =31 pBik(t), t € [a,b] FiRH, — DB ¢ MR RS, A B 4. X
— SRS, CTRARSE]— 4 B PRSI ZE. 24 ¢ Ui [o,b] LRFTA MR, XAH L mm 24> B B4
1 T

—ANJTI kB BT T B RS TE SO R -

P=Y Y Pi;Bip(u)B;(v)
i=1 j=1



2.2 F{F AR

"‘/ et it
i A}
=—=Snaas % TR

0.0 X
2 i -125
-5.0 | 8 ) -
75 i ’ 10 -15.0 S;
10.0 5 ]
12,5 ST 1 f, 10 16 14 12 0 8 6 4 2 0
1. 5075 12
16 10015 5
2.5 5.0 7.510.012.515.017.520.022.5

15.0. 14
17.5.
2005, 5 16

Pl 2.2: AN EIRLA IR — A~ B A 2% T TG B HL A2l

B A B = A A 2, IR B AR A% T tho2 e SCEEDT S AR A i), FE UM B i 7 E A% —
Ho FORNVT X REA B R A RURRBT, St S RRAT T

42—, B BEAILEREL B, g () SR8 E SCAY, TR 2.3 rfv il ¢ FR R I 25 R B0 M 2L A 15304 € 1 v I v
o

Vel 2.3: — R =i B FEACHE R AL
lialjéit 2.2 B iy BRI TR T T4

BESR B A L0 e LRI AR 2k, IR A2 (HiTaT) A DR 2 —F R 2 T . AR A E R R
M55, ATRARZ LA RoR B HEA 2 (b)) B s iaa fplne?

it Ay, Ztkmawi (W),

BRI 2.4 XFEMITLE, ARIATAEER “BMA” TR L&, RAANERLZIE RN AT, Ml
P2 LB ().

™S~

Pl 2.4: — BT
AWEE EATF AR, et B BORBOEHT . EERNREETIETLI N, B LRt g 245
REBIT —RIEH.

“UIAT BRI TSR . B 2.5 FoRrg i AGd R, B DU i LB R AN BTG A e . A5

11



2.2 F{F AR

B FERHEAR T DAERA , R AREE SRS 0k B FEARNEE . 250, &I T7 k4 = MG “UIf”, BRe(E

TIEIT B AR AT .

Pl 2.5: Ay ERAE i i

A L A AT AR BERRITUR >, DR AT T DU — AV 201, AR TS AL R BB, ™2k T4
ity A5 3 AN Loop 5N A5 = IR 7, 1T DA = A B R A A W 4 T s
SHIROEIPIG B R (2] (C2 HELE, it G i B L) .

Loop 4I5M03 FAT 2%

LA S A SR R, TR R I BT = AT . (P T SASH LR = i)

[ 2.6: 4-1 414y

2. VARERAT DAL LR, AT R RS T AR o

v3 g u u
8
3 3
g V1 (%) g u u
1—nu
1
vy 8 u u
Vel 2.7: THIESHT AR AR B 45 T S A A B
T ARl 58— 20 B i TS RS A T s . 1] 2.7 i SE R RR A 1, IR A il . 20
TSR R TIPS B AT B AR AR 2 S B T I AR bR i 2 M 2, AR TR
THARB S TIUR AR RIS, A SR TRLESUSE I, A AA TR 5 /) -

3 1
Unew = §(v1 +v2) + §(’U3 + v4) 2.1

12
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JE A THU A ) A A DU R A S 842 TV A 2 e )% -
3 ifn=3
Vnew = (1 - nu)vold +u Z Uneighbor u = (22)
2 else
A=A B ERE, WA AR BOR O, BT DAIXASMAS R i B A St
[ 2.3 TR AR

SRR AR AR, JEAE R — e R A 25551
it LR ETRFE MY B TERERLOA, FHLLH T aiaht, LhxFaT a8; 5 —LUThi
FEMAEH M, B RIRAIE T —A K. EH8 Loop a4 &R RG34, 1245 N id 2R ARG, KWL
MR EZ BRI (maik) FIEE SIEM, A 4ARME F T A 5 GAMES 102 3242 % 8 .

2.2.2 PIRSHRERYEIR: B S R

s X 2.1 GRIEMIRS)

— AP A& AT (Manifold) P A%, 3 HAX L €% 2 [3]
o FFET—AIRAANEA
o BANTR & FTA 69 4REE 7 M —A & s
fRT B L, FRATA S S AR b HOG B PRI A RS HEA T4 2 . EDUWORE , @ R . A Bl =S
IR o SN AR AT MR A Ao -
VEIT AT = f PR A0 1T
o P K # A= AW
o FNTREE VR ZAARIETR &
T E SR GRAIE T FRATTHEAT Loop 404328 — 20 IE, HUAE 2.7 FroRsrypiAp el eEM:, M 2.2 5
A TUS AR AN 2 B n < 3 BTG OL. WNARARXT B33 1) Loop 4140433 (FRVFMIAS AR, feifpda e Hhetih
ANHAE) B4R, W] AR EE C. Loop IR SR S [2].

2.2.3 B R RIS

B A5 2 — 2R EfE, SCRE TR0 A s (8. A4S, (B2 sl E #28 V% /5 A
Dandelion ¥4 —F AR TTRIFMET — DOEFR Y, WEER R AUEIHIE S %1 & kY LinkedList, ik
Ji—AREER PR, RATERE next_node $8%[#53):

for (Vertex* v = vertices.head; v nullptr; v v->next_node) {
Vv

}

S TSI P AR . ROk edges st faces HJTT.

e TRV, 4 F R SEH 4-1 AN A BLERGPA T
il 2.4 4-1 05950

RAHRFATEA E Ot S USRI AR 2 58K7 WRAR S0 B2 B A R IR — B4 44
SIS NEFTE (MR 4-1 A1), iR piA A


https://dandelion-docs.readthedocs.io/zh_CN/latest/d7/dde/classLinkedList.html

2.3 REAIIK

o BTV BRI I 12 402300, 6 NG 9 4l 4 AN, X AL TR BAER K AEF A S IREL.
o MEWIH AL TN, Wik SR ERN. M= %%%ﬁeﬁﬁ*m% S, XA AR
A AR =T (BRI, (HERTREA UL . IAEE S KN).
%%Tig%%i%m%,&m%%%&*Tm%%ﬁ,%44m 0 AR B R
L%%%ﬁﬁ%ﬂ&?ﬁ%%ﬁﬁ%L,%%%ﬁ5(¢$)5ﬁﬂﬁﬁ%ﬁ5<@ﬁ% i
2. RIEPIA S — A ey (EAET. WBIR K AGFTIEL

i |

Pl 2.8: BEUGIY 4-1 QHMJ\/;MI

Ay
L4 ft‘ifl"ﬂl’*ﬁk‘? —FNLRMANZATEST, 2R 28 FPAMNRBET —AZAH. ELNo FiElkat,
ABRMANZAHBARE S, TR E A B2, %A 5 BTSSR 08 RMmEL. ¥
I'PQ-/I\—A)%%/ B R AR WA= AF,

it HR ] 2.8 Bk LU A 2 ) B A A 2K FER RE SE BN 4-1 4114+

o WAMRARMERIEAD (IHA), I HEARE—A =M A = A .

o WA= MBI = A IHDE 2L F,HM%%_I 5 DU P R RE T

o 5 MR BN — 245215301 (Edge Flip) Ji5 0b SR REHE 100 25 DU ] .

o 55 AR BT Y Q0 A

o NPT IR SRR, T%ﬁﬁ%”%ﬂFMQ SR HILIRA HABEIEER.

o FHELI—E R, RNEREEINL, z%ﬁﬂﬁﬁ&%mo

Ewe*iﬁM*mmlﬁﬁimem?ﬁﬁ%m,@LE%&*%%EB%%ﬁﬁiﬁzﬁ(ﬁ%
HIMIHZL. 250D, Bil) . RE A CLHFEEM LI, THEEA RG220 0 IHL AL

TEREBEAE (5586 2.7) o, (REESCI T BRI REAE, " AE I AEAR S

2.2.4 Wik

Tz aic @bt &, WFFES5/RTE S Loop 443 ki th P & i& iy H A& o BRILPASE, X BT
H—h&TA: HalfedgeMesh validate ¥ XA REEE LM EE G (BERIFRIE. il
TREHR T AT, BB, F A A e TR . R A TR, B2 error I H TS
A IRNA .

2.2.5 ¥k

RSLUGETIHE geometry/meshedit.cpp HF1) HalfedgeMesh: :loop_subdivide pE#{. 5 5885 ME
cube.obj FE NI, fiili Loop Subdivide e B W] HEAT— IR A4y o I 2.9 J@IR T IS T IR A i 2558, W]
AR I WI ARG/ R HOCH .

VRTFBAREL N EL, cow.dae FI bunny.obj FEATHN5Y, BHEFE 7 1) IR



2.3 REAIIK

Vel 2.9: XS5 PR Tk AR 73

2.3 AR

BRI EE SRR A =0k GHATUIRIY cube.obj. AR IR cow.dae FIGH4A—IR 1P bunny.obj .

A A WAL IR FE R, i R AR ik (b J54% delete 88 ) NREIRHAR)Y, B H & SCf
N7 24405 AR A it B R B H A o I H 3B 94 3 50 debug .

BN TR I R A, IERRSCEL 4-1 4053 AT ARG E 10 43, IERTRRE USO8 ] ARG 3 5 4, 3t
it 15 43,



945 3 5 25T QEM 1 i wifk

FT QEM Ry mIfE (L (4 2.9) AL, ARRFSEH—Fh i T fRp AL 53k, AT DA — NS T L i
AN ARG, LR RIS SN fa] £

3.1 R

PR AR E RIS B AR, U AT AR 22 B B A5 R N MR HEA T S0 D R b A, - Se B
THI TR P SRA o

3.2 fRPHIER

3.2.1 JSpO AR R

TERTRERAE (SR80 2.7) W, ARCA LI T RERU I 7 BRI AT QRTINS T4, M
R IR A X AR ORI, A I E] f AL AR H 1 -
it 3.1 Rl 455 VR TR A RS T ) O B (P R -

o HLEHHINELL A

Bk L, R A AR IS R R AT RE R AR M AS " B2 R, SRARME AR 5
fit AR RSB AR EMBERINRAF I BARTEFLZ A RO, REFHECZIEFENRERZS
Y BRG IR P e RN R 0 A, A @Ak E) B AR Ak,

—k 3% £ £ (Quadric Error Metric, QEM) & —#F1& H AR M0y 77 ik, A& AP 7 ik T AR B 6 i A fc i 5k
a9 E (FREALE ) FoiX — RFRMAEAES (FHEARM) . ERidizd, &AL —AHARF) R G
KRR R 8938

3.2.2 TURAEE

[ et 3.2 ey i ek (7 10 S5 A A 55 D i P s 2 [] ) 1R 22 e 7
i SRR — AT A AL, BRI A REY TUIRE x (B E) BIME (FHERT) 93EH.

H—F Hb, JHEIRIE B FT G TR S 912 B Z IR o B YR Z AT L 0 A 5 3 & vy vy, IR A x —FJE
i, v BEE L ABIE N (0) R EE L v BT AR @ K, E— KRS, R N (0)UN £ (v;) 84
WA RAET (BMERER ). XERERNTLEE X B EANARNABYIES, REE T x 3| N f(v) UN £ (v))
B SE B FR AR B — R R TI ANRIR £,

T HUATARIR T B 3L 3RAR B, (st & x-ring neighborhood) X & —ANTR.E B B a9 T L E . TN bg4R IR
& — AR 3%, (1-ring neighborhood), &7 EATR AR E “—HE” 8958 H . T .& v #%9 1-ring neighborhood i &
iTE N1(v) .

AT PHBEHE, ZRAVEBL AT A N, 27 N1 PHTRE, My A7 M Fa9@h . —ATLEEG M
ARIXR A B 3.1 BT .

&
BT R B = ATE MR . S — ATE A G, R 2 = A T B B AT DA AR s - 11 P




32 55 R R

/N

Pel 3.1 Tl v B Ny SBEORTEIR, T B @R T N AR

) BOP IR N, i x WP iR e BRI po, B4R x BIR-F A EE 2 dist(x) = N-(x—p)
» QA 3.2 froR .

Pel 3.2 i )T 1) B

RE R [ B AL B A R FE R AR I - T g T AR5 PP A DU 4 1] ) AR

dist(x) =u-v
u=(x,1) 3.1
V= (N7 -N - p)

A 3R R, (HRATA R GIELT, AROTTE, B AR -7 B A -

T T T(

(u-v)2 =u’vvlu=u’(vwhu 3.2)

331 A E S w g x BSF AR, TG 3.2 Rl DABRAE— A R A, XA IR R BOR e Ky =
vl o SMERIE x , —MEENREER Ky goE T x BXA-FIEEE, Bt Ky 2 MR- mE s
FHIE. D7 BRI, FATPRZ AT A B —RIRZER

M ZUARZEH R x B N1 (vi) UNLp (0;) BIBERDA RIS 3.3, TR — IS ARIRZERR (H
B RN T RRE, ERNRIREARL).

K= > Ky (3.3)
FEN 5 (vi)UN £ (v;)

EEE AR TR LR RRAT,  FANTAT VAT —LEr AL B, 5K 3.4 fU 3.3:

K~ > EKi+ Y Ki=K+K, (3.4)
FEN1, £ (vi) FENL £ (v;)
2, BN v, v; R IR B x AR E IR K = Ki + K .
AR 3.4 T KR ZE RN AE T FRATW] AT AR A TS0 K e — e A erh, 7Ed 40
I S K TR S SE RS A K, X HCRRR T N1 (vi) U NG p(v5) SRR



}:@,

32 55 R R

FeHR 3.2, RS N x B iR xT Kx o FIBZ IR BORMAER Y, XA IR ALK G54
SHCAEE Kx =0, XN RAmEE T a0 E .
TTVARRE K & EE B, PTVAIE 2 AR a9 A& — B AR MA M AEAR KA.

3.2.3 seEUBBR AN

KA FOOIFRMREARSNTI A HP . B R ARSI S AU i e SR
SR UORZENE K, WK AT K, Ky B, TR K SO da TR Ky KA
Bl FrCATRATHEHRTE . TR HRURIEE RN, RER A K o e, AT TSR R (T
std: :unordered_map ZE£H):

o face_quadrics @M Face* F| Matrix4f mjmLst

o vertex_quadrics JZM Vertex* %] Matrix4f Hymst

ARG R o — 20 e RIS YA ] norma KR E R IRIR , #r face_quadrics ;
VIR AR Y 25— 20 @ AR AR AN T vk e B F L) SR ER R, TR T drics[f]

SR G BENR B EASTIUS A —RIREM M, B vertex_quadrics[v] .

EDLOR AR, AV BB AN e/ DL, TR RS A, B DAL SE BAA A
BRI —5i0 )G, RS eima SR Ira ST, BT IR EEE A S U . Fi, XMLk
BAG B R s RO A SRR B e R, Il A SE N B L 2ok, X HLIRATH std: set (X ARHRAM) 52
B SEBAFY . Dandelion fif ] —/M4liBh 265 EdgeRecord % Edge Z5Hby, BAE THAMMEAMAL
BIEE, WHIARITA#F kY : HalfedgeMesh::EdgeRecord Z5F{& TR E 1 E Lo

WAL 56 20 RN A —1> EdgeRecord , SRIGMAZIPIA RS

o edge_records E—A A%, ¥ Edge* MLgF|XIRfY EdgeRecord

o edge_queue J&MTFEhSHEFRIIL LA

SERIIR A G BEIE TGS, R RSB U R /MR edge_queue . begin() H¥4iE. 33
SR G, RS I 4l HEA) EdgeRecord o RRIAGE— KBV Fr, TORORD B SAI 1/4 BFHR
G

TEPG—FNNF LR WEBRIERA LN, — YRS AR )34 ] RE 2 BIR AR IR, &l 3.3
o PN TS G S ST T

Collapse

Pel 3.3: WIS 40 # A

SCABE T REET 2 . (R 3.5 FoRm ), U gA R LA, 3.3 st i) A 3548 T B
3, FroAR s S R AR A

|N1,v(vi) le,v(Uj)‘ =2 (3.5)


https://dandelion-docs.readthedocs.io/zh_CN/latest/d7/d4b/structHalfedgeMesh_1_1EdgeRecord.html

3.3 LR

3.24 %k

PR B S P BR 4

o 7E HalfedgeMesh: :simplify wrsza i b Bk m B

o 1t HalfedgeMesh: :EdgeRecord My s 5 — 40 “RIRZEREE . IR ZE(E RN s R4 45 o 2

7oh, WRikFEEAE HalfedgeMesh: icollapse_edge eRECHHIMAINT ZEVERINRD, AR T
FEF 3.5 AR . AL R R E PRIE RS, AT LRI L .

SSRGS . FRATERARI R cow.dae FFIELERL=IR, FEMEL bunny.obj FH-f&iAL—IK .

3.3 AR

BERARIE RSN T FCSE . IR ATE AR sty Simplify #2415 , BRI RE WD, IR %5
JRSE R T . 1B 3.4 R T AL R B 1

Vel 3.4: Ff cow.dae FELE AR AR

3.4 PEAHgEI

3 BRI A R PIK L= cow.dae ML —IR I bunny.obj , HA AL IRARHERT AT

PR AL AR SE I, ik R AavrBR iR (51 delete ) ANREIR AR, P H &S+
3724 40, 25 A v Rl AL AR A H e ) H SR BN debug .

B, s B R AR, TG . 2B BRI SEm , AR S RIFA—E S
BISEE—EL, (HRECRFF I R AT AR, fRIAL RS TS 15 73



945 4 5 W RETERRRAL

A m FEPEE R (45 2.10) XADEE, ARRFSCB—Fh “HERIRAL” (remeshing) S0, REAHLEERY R 4%
EROIETE S

4.1 BN

T LN AR TS5 BRI, AR R — R R RV I AR B A R A R ), S B4 1 [ 1
H AT

4.2 fRFHILR

4.2.1 VERIBI RS

N[ 8 AT 55 KA ) B AR PR, 6 B el LA B 5, —AN T2 23 A i = AR RS A 2
FLRLHFIY o

fraid “¥25nA" We? EATEERALE -NER, HAPAFIRPRZ BN

o PLAHIARE “REL” W=MIF. WR—D=MIBRIEANTUHAERE/D, IBATMRE R TR —5FE. EHY

DRI, T RES PUATE R A RZEEAE R LW PRSI (X R, B S

AERFATIL . /N TR AT A IR LT A, 7 A AN RLIK LA 46 1A

o WAEARKIYIRT . — TR “BE” G HE SO ARER I (D) Bk, REEA TSR AR R
2B E A E XSRS R BEAR, MHAT— B EX DU SO R DU LA 5 AR

AT RS, BT “—@E” AR R FZ R (Hn—> s = A
AR — DN IEEREN=MAIE) , B ASEN TR SEORIRIME . R KN SR 145
H.

Botsch 4 AFEIRSCH [1] $2 T—Fp LU RCHRAR 15 100 -

o A=A BEREL SN = A

o BRI B W] BEE I 6

PAIXFAR A2 B A7 54 A% 1 1 ARt i 4% ) [F) 4 EE A% 4L (isotropic remeshing), J§SCHK area-equalizing re-

mehsing

4.2.2 HRLRE

APV LT RRE R O, i TR T DAY g 25

L A EE R

2. YIS IR

3. S B T ST

4 BT AR, B ST N, AR O

HSEHLEY G, MR 957, fEARERT, Fi5% - EWI.

TERMHT, RATERT o BRI R BRI BRI, SR IR T KSR L, IRAXA
AN BT AL . KN AL .



4.3 LR

)8R 11 R R, B Z RPN AL v, vz BBEDRE 1 TR 1R A PN TR vs, 00 BT T o SR
4 H b LA TR B T RET- 3 HLER 6, Bt A O TR A EAN S Rt 2

d = |degree(vy) — 6| + |degree(vy) — 6| + |degree(vs) — 6] + |degree(vy) — 6]

MR AN T ALE d B/, BRI E .
e 3. YR B sE T, OB T AR A28, AniEl 4.1 s

average /V\
m

Vel 4.1: PPRETSUS ALEE (RSl ) MR E

HPE 4.1 K 7FmE RO, =4ES S 2GR AESREEA TS AR He s il — M, IR
AR ERSEIX N PO SIURE PP, ERRREE EBRRAIEAR, R . 4510 [ PR MR A SR
TRORIU T P it B ) FEE AL W

o W/NMEENMIEEE. B p Al ¢ 2 HIRKR TS ACEAM PO AE, EMIEEAL — RIS EE] ¢, 24

ERE p+w(c—p) . EALE T, EIRw=1/5.

o HUTEMZ I mFsh. WA HERI R, IABRE R —& BT 2R 7 1), &)

RS AR DARE S “HRP” B, i v =c—p, TEARIEL NN, EHINH v - (N-v) N v

Vel 7, BIATAEY) [ A2 3 T A .

4.2.3 B R

Dandelion ##t T Vertex: :neighborhood_center pE#UHFiHE— T N S5 N ARHEE s U
B, ARATAEARMENE . TSR G OO B RO T R TS E, FEREAT P8 RS B 32 L O T Y
ARpR (Vertex: pos), TiNiZERCRBAARIRIES: Vertex: tnew_pos J&, fE4witH s /s a1t
TR new_pos MK{H%: pos .

PR ENAR P IR E A I B R IRARE 5 Z nin 2P Bk o8 . P — S5 & BB EEAC EHEm
RIS 4B K BER T S L, A A IR 43 o AP AN IR TURP SRR VE 2 [R5, 5 U] S A 25
RATRESIEFIRAL, LR HBRSBAERTILMEIN. Mt

4.2.4 Yk

REFSLI src/geometry/meshedit.cpp FH) HalfedgeMesh: :isotropic_remesh %Y.

SCPLE M AR LA S, IRTREINE cow.dae T —IRE M. WRIRA26ER, W] A E A& 1k
bunny.obj il dragon2.dae (J5#& KA 36 TA-ZFMILH, W Release BixismiF /G H22it) « WIARIRTI T
Yoyl fai b s, AT R E AL 7 (BUL) ZJRRas5, 95 MAS I T £ 5 TR 2 A% 1k
HHAm . ARSI HB RO 3f P R U AS T AR AR A 2

4.3 Jhes;

WARARIERR LS 145 i [F P AR AL R, B ANE A B ity Isotropic Remesh H5 L5 [V 1% 22 & 2|45
RERMR = A P17 1, e 42 fos.

21



4.4 3R A

° P ) Dandelion 3D
Debug Help FPS:74 File Debug Help FPS:74
¥ Tools ¥ Tools
Layout [Model Render Simulate Layout |Model Render Simulate
cal Operations
| Operations Global Operations

%

bdivide Simplify Isotropic Remesh

A

Loop Subdivide ~ Simplify ~ Isotropic Remesh

AVA'
DF

ok
A
Y

7
\/]
av

vav,
A4

S0

2520

75
7

)

0
0
»
<]

AVAY,

] 4.2: EFEAL cow.dae L5 IR

4.4 FEAZFLSW
TSR U TR AL comdae MR, SEALERRIERESCEN T,

S AL B B 15 SRS AL [ A S A ARARAERS IR A R iy, TRAAS S 735 AnsRAEIE
HIAEIE R, ATDARES 5 05 PR BEIE RN 0T D, ATDATEAS 10 4, B3t 20 4p.

22



45 5 Bt X PULIB RS S+

{ifl Dandelion SCRFPUBTEMAE (45 2.11) 2—DPREUES, IRTGENHERLAIINER. F76H . G ALATAbRE
R AS IR A R A% (quad-mesh) /Y52 FF .

5.1 BN

TEE G ST UM A B R T, e L MR R R = AIE R, HN T B DU T8 RS S5 (2 R T
VEFTRIAR, AR S BABT R PRI, (4R, R=MIESIHITBR AR ) .

H i Dandelion HAF i FITE YRR BT 42 () — Bl (ST 4% SCR - GL:Mesh Z5#41(K), &R
B MRG0T XA, I H BB = AIE AR . AR E A BRI, 2o e AP A i — 2
HIRESEB] (S FYTT A SCR: HalfedgeMesh ) o ARIEEAE MEBERIERIZEAL, A R SR S Es R il
e e IS S Sy S ) 5 ) A B R I A%

VREAESS RSB A VLI IR S (HRXEATEMRE TAE), RRATRESETAR LA/ 1R
TREEAT B2 A, B S EHE TE

5.2 fRPHIERK

H1 T OpenGL HAEEY =ML, MRubBUIER B A8 BUA B CHR A 4 - St 0 P i 2y (S
=MIBHMNAIE R GAA) R GL: :Mesh TR ECIEM MBS, I BRI W A P4~ =1
JEMIPAIE A OpenGL APL BEAF{E L. th T @R LB M MBI, IRIETEEAERZE R H00 . WAL . 2kl
RS RS Z (BT R 2, RAIE =25 — Bt

P WA A G 5e 4] DASCRHERE Z 0 G, (B2 B e B R A% B T = AIE AR IS 0L, IR
TR = SR TR R VRS B DU LG WA, R BRI T8 WS B 7T B s AR AL S DL EA T AR . JUAT b3 3
ST =2 R R RS R 2 = AR MRS I AE, BRDAMRRREE0 HalfedgeMesh Rt dr H Bl —
L MARIIZNEE, DA L8 s BT 2 2 i A2 15 5 A DU A

TEAEBRGU MR IBUNAR A TR AN A i S Aok S s iy, X il RIS 5 B T =M TE
GO . VR B SR S U IR AL (SR S 2k -mesh fsRAZ AR, (2 52 PER T = ARk <) .
R ERIER RN 8, A REIE b W R B LATHATTER

AL PATEMTET:, WSHITRE SO PR IR ACRD R 58l e 8. SE s 1 A A AE BAL AT e, 3K
5 BRI .

5.3 AR

AL AR B A S IR S I CMakeLists.txt S

CERICT, AR PTG R BB, IF 1 VSRR SO RO S SR e
TEAR SRR N R U R, W DARRE] 25 435 WRARBERSAE BT R RS B DU AR TR . 4T
JRTRERVE, ATDARERE] 25 70, ST 50 43,

AR ARH IR TR KR 675, 12056 1R 3 A Dandelion 36444551 A Dandelion Fk #9151, Hdi
URGRE, FollTAT DAE GitHub ORI . TF %% SRS ok 8 TR 455


https://dandelion-docs.readthedocs.io/zh_CN/latest/d8/d88/structGL_1_1Mesh.html
https://dandelion-docs.readthedocs.io/zh_CN/latest/dc/d6d/classHalfedgeMesh.html
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