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1.2 4o FIhEe
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OpenMesh [y SEIURT A #IEEHE, 145 H BA LR R SR D) BE -
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2 ZBEMEE

2.1 RE

AN OpenMeshff) F Mhttp://www.openmesh.org/, HIEH SHT#H K Visual Studioh A&
IR HO LR A 3B S0 . AR AR H Visual Studio 2015, AL, XEEHBE THHE
H BT AT R ) — 2k e 380 s

Vs2012 Vs2013 V52015
32-bit with apps X 6.1 (static) 6.1 (static)
6.1 (DLL) 6.1 (DLL)
32-bit without apps 6.1 (static) 6.1 (static) 6.1 (static)
6.1 (DLL) 6.1 (DLL) 6.1 (DLL)
64-bit with apps X 6.1 (static) 6.1 (static)
6.1 (DLL) 6.1 (DLL)
64-bit without apps 6.1 (static) 6.1 (static) 6.1 (static)
6.1 (DLL) 6.1 (DLL) 6.1 (DLL)

ZARINIL N R H ok, MEERETHEMM . XEZ PSS, 2aE Tl
TN AR G B AL B R PRI o

22 EE

TR AREMNTIET . RATVIE—A “FRETEH G MWin32f2 77, iR
— MR SCAFExOL.cpp.  TEF RIS T SEZEC B OpenMesh. v 1 A it B 1 AR 75 {8 (1) #4821 3
fiffi FOpenMesh IR 5 £, AT RAERTEE T —NEMESR, 7EVS2015t, 1E+F Property Manager
W, 7fEWH SRR LA, %#Add New Project Property Sheet..., fir# NOpenMesh, B1)#
Ja, & Debug|/Win32, XdifTFOpenMesh, 73 mlids e & Hx:

D:\Program Files (x86)\OpenMesh 6.1\include
HEE B 3%

D:\Program Files (x86)\OpenMesh 6.1\lib.
FLARNE AR I 2225 B 30 € o SR 5 7ELinker—input™, IO I OpenMeshCored.libFl
OpenMeshToolsd.lib, 5 /& EC\C++HJ Preprocessor H ¥ IPreprocessor Definition, %% K

_USE_MATH_DEFINES
G, FHEA

OM_STATIC_BUILD( R A HE A8 1 7 X 1R e A TR 2 ) o
2, BE S, WH HZ R OpenMesh.props 3 AF, Hawa LT @ IN2EMEH Open-
MeshffJ T H 1, ANFEEHMELRE.

T2 AN R R S, FEExOL.cpp A BL R AR

#include <iostream>


http://www.openmesh.org/

2 RIEFBLE

/!
#include <OpenMesh\/Core/IO/MeshIO.hh>

#include <OpenMesh/Core/Mesh/PolyMesh_ArrayKernelT .hh>
using namespace std;

typedef OpenMesh:: PolyMesh_ArrayKernelT<> MyMesh;

int main ()

{

OpenMesh

MyMesh mesh ;
MyMesh :: VertexHandle vhandle [8];

[
vhandle [0] = mesh.add_vertex (MyMesh:: Point(—1, —1, 1));
vhandle [1] = mesh.add_-vertex (MyMesh:: Point (1, —1, 1));
vhandle [2] = mesh.add_vertex (MyMesh:: Point (1, 1, 1));
vhandle [3] = mesh.add_-vertex (MyMesh:: Point(—1, 1, 1));
vhandle [4] = mesh.add_vertex (MyMesh:: Point (-1, —1, —1));
vhandle [5] = mesh.add_-vertex (MyMesh:: Point (1, —1, —1));
vhandle [6] = mesh.add_vertex (MyMesh:: Point (1, 1, —1));
vhandle [7] = mesh.add_vertex (MyMesh:: Point(—1, 1, —1));

// generate (quadrilateral) faces
std :: vector <MyMesh:: VertexHandle>

face_vhandles.

face_vhandles;

clear () ;

face_vhandles
face_vhandles
face_vhandles
face_vhandles

mesh . add_face

face_vhandles.

face_vhandles
face_vhandles
face_vhandles
face_vhandles

mesh . add_face

face_vhandles.

face_vhandles
face_vhandles
face_vhandles
face_vhandles

mesh . add_face

face_vhandles .

face_vhandles
face_vhandles
face_vhandles

face_vhandles

.push_back (vhandle |
.push_back (vhandle [
.push_back (vhandle |
.push_back (vhandle [

(face_vhandles);

clear () ;
.push_back (vhandle [7])
.push_back (vhandle [6]) ;
.push_back (vhandle [5]) ;
.push_back (vhandle [4]) ;

(face_vhandles);
clear () ;
.push_back (vhandle
(vhandle
.push_back (vhandle
.push_back (vhandle
(face_vhandles);

.push_back

clear () ;
.push_back (vhandle
(vhandle
.push_back (vhandle
.push_back (vhandle

.push_back

mesh.add_face(face_vhandles);
face_vhandles. clear () ;
face_vhandles.push_back (vhandle[3]) ;
face_vhandles.push_back (vhandle[2]) ;
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face_vhandles.push_back (vhandle[6]) ;
face_vhandles.push_back (vhandle[7]) ;
mesh.add_face(face_vhandles);
face_vhandles. clear () ;
face_vhandles.push_back (vhandle ;
face_vhandles.push_back (vhandle
face_vhandles.push_back (vhandle
face_vhandles.push_back (vhandle
mesh.add_face(face_vhandles);

// write mesh to output.obj

try
{
if (!OpenMesh::10:: write_.mesh (mesh, ”output.off”)) {
std:: cerr << ”?Cannot_write_mesh_to_file_ ’output.off’” << std::
endl;
return 1;
}
}

catch (std::exception& x) {
std:: cerr << x.what() << std::endl;
return 1;

}

return 0;

WERECEEA W8, E17/E, E0H 400 H 3% NS ER—Moutput.oft XA, BHAAHE T —
AL R RS EE,  H Meshlabd] FF a0 T B
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3 [FRMEMHOpenMesh

3.1 FIBBIREH

OpenMesh i Fij F- I BHla 5 M A i AVE BB JT 3 (5 34 T AENTZ M FEZE R R T
T R 17 B 2 T > 1 B 5 A AT A BE R

Vertex Halfedge

Point position VertexRef vertex

HalfedgeRef halfedge FaceRef face
HalfedgeRef next

Face HalfedgeRef prev
HalfedgeRef opposite

HalfedgeRef halfedge

B 10 0B 4 M TR A A AR B

H-rhHalfedgeRef prevHRAFME — AN PIRARIET— 2% BA R 5], E- U8R hmT LRk
ZJEM, OpenMesh 4L T AN FIHL 1D .

e BRI, Ui — TS B L-ring SR RE a0 N R, e SO 4R B AR S
R

VAN

KK \\\/V

K] 2: The one-ring neighbors of the center vertex can be enumerated by starting with an
outgoing halfedge of the center (left), and then repeatedly rotating clockwise by stepping to
the opposite halfedge (center) and next halfedge (right) until the first halfedge is reached again.
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3.2 AKEFAEIZE

OpenMeshH #2447 E 5 A QI FIIEIA 2% . 1L 2 AT LU SR I A& o5, TG e v]
A SR 38 75 7 3 B4R 70 2 (Wi Dy e — r i T A AT s, K 1-ring4B3K) .
3.2.1 &fkEE

OpenMesh W& M TCER (. 4. 0. TH)IRAE T LRMEIEARES, ] DUFH SR [ % . {5
7R

MyMesh mesh ;

/]

// iterate over all vertices

for (MyMesh:: VertexIter v_it=mesh.vertices_begin(); v_it!=mesh.vertices_end ()
i Hvoit)
.; // do something with xv_it, v_it—>, or *v_it

// iterate over all halfedges

for (MyMesh:: Halfedgelter h_it=mesh.halfedges_begin(); h_it!=mesh.
halfedges_end (); ++h_it)
.; // do something with xh_it, h_it —>, or *h_it

// iterate over all edges

for (MyMesh:: Edgelter e_it=mesh.edges_begin(); e_it!=mesh.edges_end(); ++e_it
)
.; // do something with xe_it , e_it —>, or xe_it

// iterator over all faces

for (MyMesh:: Facelter f_it=mesh.faces_begin(); f_it!=mesh.faces_end(); ++f_it

)

.; // do something with =f_it , f_it —>, or =f_it

TR, BT DU C++ gt i auto R i 7

MyMesh mesh;

/o

// iterate over all vertices

for (auto v_it=mesh.vertices_begin(); v_it!=mesh.vertices_end (); ++v_it)
.; // do something with xv_it, v_it—>, or *v_it

// iterate over all halfedges

for (auto h_it=mesh.halfedges_begin(); h_it!=mesh.halfedges_end (); ++h_it)
.; // do something with xh_it, h_it —>, or x=h_it

// iterate over all edges

for (auto e_it=mesh.edges_begin(); e_it!=mesh.edges_end(); ++e_it)
.; // do something with xe_it , e_it —>, or xe_it

// iterator over all faces

for (auto f_it=mesh.faces_begin(); f_it!=mesh.faces_end(); ++f_it)
.; // do something with *=f_it , f_it —>, or *f_it

Ak, ST NEARES, OpenMesh# 4L T A0 M i const iR AIEAR S U1 -
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e ConstVertexlter,
e ConstHalfedgelter,
e ConstEdgelter,

e ConstFacelter.

MIERTTE  fEOpenMesh il UBRFLETCE, HMIBRITC R 27— MRS B M ERIR
A&, T fn Rk P i ARk X L DL BRI TCE AT B OpenMesh i ff (¥iskippinghit 4535
QA% $Rf3skippingi&Qas, A LUELL 41 s 4L

e vertices_sbegin(),

edges_sbegin(),

halfedges_sbegin(),

faces_sbegin()

A8, WIRALEAEMERTERE, B EHEGRE, RS ST A A IR M R TR
A] LLii F garbage_collection () kR %5 25 2H 1 5 8 25048

3.2.2 fEIfES
OpenMesh /24 T1EIA 28, F T Ui — NI RIFTE LA CHR . WX T—AN 5, mlbAvs
) LT AR A (L-ring&B30)  UTARTH . JEARIL . JLAR NGl UTARH 2, B2 R
BRI IR RS .

VertexVertexlIter: iterate over all neighboring vertices

VertexIHalfedgelter: iterate over all incoming halfedges.

VertexOHalfedgelter: iterate over all outgoing halfedges.

VertexEdgelter: iterate over all incident edges.

e VertexFacelter: iterate over all adjacent faces..
T F B3 2% -
e FaceVertexlter: iterate over the face’s vertices.
e FaceHalfedgelter: iterate over the face’s halfedges.
e FaceEdgelter: iterate over the face’s edges.

e FaceFacelter: iterate over all edge-neighboring faces.
FALHIEI A5 -

e HalfedgeLooplter: iterate over a sequence of Halfedges. (all Halfedges over a face or a
hole)

DA b IX SEE IR A8 AR A 14 B8 — 5 77 1) (R 1 B8 Wi i 1) 15 1a) — AN o R I e iR 46 &R, fEOpenMeshH
CHRAL T 5 58 BN BT RIS I PR PR S, H 2 75 2R OpenMesh:: Attributes::PrevHalfedge /&
Al IR AR LE DL B bR AEIE A 24 FR B Tter BT INCW (N £ ) B COW (G i &) BT
W VertexVertexCWlter .

TS ] A O A 2 451
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MyMesh mesh ;
/]
// (linearly) iterate over all vertices
for (MyMesh:: VertexIter v_it=mesh.vertices_sbegin(); v_it!=mesh.vertices_end
()5 ++v_it)
{
// circulate around the current vertex
for (MyMesh:: VertexVertexIter vv_it=mesh.vv_iter (xv_it); vv_it.is_valid();
++vv_it)
{
// do something with e.g. mesh.point (xvv_it)
}
}

3.3 Mg LS

fE E—71, &%) TERHIGIHREAERS Mg TR, R EAAME LT RS
WL, ARBYRTA R R — 210 PR P& SR AR EE . A, AT R
Ftbr G @M (boundary flag attributes), B PLHSREGMAE—AIo 3= 2 28 T2 5 () oo
o

3.3.1 FihSMm

B ATE T PR, AFEERIC A, RYE Pkl i fbr & R PR A
[, A5 2 PURDAS R B S A R

o WURFTESEIG UL b, Ba)iEyl, FrkiaAETHE— 1, {#HO0penMeshii
H#EFnext_halfedge_handleE{prev_halfedge_handle() i %L, FA T LAFFE LT D FHT, 0
T EIFrR:
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<>

o i MG, AR MR PTIEFILIE T A, A EEAR R R L SR
% T RN AR AT, N PR

TR LIRURAE DL, A AR SRR EAZ U T PR

TriMesh :: HalfedgeHandle heh, heh_init;
// Get the halfedge handle assigned to vertex[0]
heh = heh_init = mesh.halfedge_handle(vertex [0]. handle());
// heh now holds the handle to the initial halfedge.
// We now get further on the boundary by requesting
// the next halfedge adjacent to the vertex heh
// points to...
heh = mesh.next_halfedge_handle (heh);
// We can do this as often as we want:
while (heh != heh_init) {

heh = mesh.next_halfedge_handle (heh);
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3.3.2 MigiaR

M BT LA, IS SHUEET F 8, Ak, OpenMeshi NEEA TR ()i, [HiHE
7 —A SR B E M, L His_boundary () BRECRETNNX LA TR TR TIA R . sREuE X
AU

// Test if a halfedge lies at a boundary (is not adjacent to a face)
bool is_boundary (HalfedgeHandle _heh) const

// Test if an edge lies at a boundary

bool is_boundary (EdgeHandle _eh) const

// Test if a vertex is adjacent to a boundary edge

bool is_boundary (VertexHandle _vh) const

// Test if a face has at least one adjacent boundary edge.

// If _check_vertex=true, this function also tests if at least one
// of the adjacent vertices is a boundary vertex

bool is_boundary (FaceHandle _fh, bool _check_vertex=false) const

3.3.3 Bt EFH

XFFT0 A, OpenMesh#gfit T VertexIHalfedgelter fllVertexOHalfedgelter{fi ¥ #5, T3 )7
J& T I 00 (0 B AT NS 2 A H S 2l . R R, AT R JTHI AL VertexIHalfedgelter
228 [ S A NS 210 (W8, 10 VertexOHalfedgelter 2 i [ BT A 1 H 5 -0 (40 68) .

i FHZ A A% AR AE SR L T

// Get some vertex handle
PolyMesh :: VertexHandle v = ...;
for (PolyMesh:: VertexIHalfedgelter vih_it = mesh.vih_iter(v); vih_it; 4++vih_it

) A

// Iterate over all incoming halfedges ...

}

for (PolyMesh:: VertexOHalfedgelter voh_it = mesh.voh_iter(v); voh_it; 4++voh_it

) A
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// Iterate over all outgoing halfedges...

3.3.4 RMEFiA. MITHE

A TABAR G, A B3 (edge) BB MR 7 B 1 W 2% 77 [ AH S IR 21321 (halfedge) ,  PRLIEGXT
N30, FAE—N5E AR A N2, OpenMesh@fit T opposite_halfedge_handle() i
B TR 5 2 A i ) M a0k, W FERTR, TG, EAZRE, SR
FIARIENE, RZIRAT

5 P 32 bR B ) ACRERE SR U R

// Get the halfedge handle of i.e. the halfedge

// that is associated to the first vertex

// of our set of vertices

PolyMesh :: HalfedgeHandle heh = mesh. halfedge_handle (*(mesh. vertices_begin()))
// Now get the handle of its opposing halfedge

PolyMesh :: HalfedgeHandle opposite_.heh = mesh.opposite_halfedge_handle (heh);

298, OpenMeshidiflt v, —SHERIRE, HTIREE - DIum P LIoR:

// Get the face adjacent to the opposite halfedge
OpenMesh :: PolyConnectivity :: opposite_face_handle () ;

// Get the handle to the opposite halfedge

OpenMesh :: Concepts :: KernelT :: opposite_halfedge_handle () ;
// Get the opposite vertex to the opposite halfedge
OpenMesh :: TriConnectivity :: opposite_he_opposite_vh () ;

// Get the vertex assigned to the opposite halfedge
OpenMesh :: TriConnectivity :: opposite_vh () ;
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3.3.5 FEFibkES/AR

XF45 7 i, OpenMesh# it T to_vertex_handle() flfrom_vertex_handle() &%k,
SRAFL L L N2 fUA) R

3.4 XHiES
N AN EEARNESR, BARME B AL

#include <OpenMesh/Core/IO/MeshIO.hh>
MyMesh mesh;
if (!OpenMesh::10::read_mesh (mesh, ”some_input._file”))
{
std:: cerr << "read._error\n”;
exit (1);
}
// do something with your mesh ...
if (!OpenMesh::10:: write_mesh (mesh, ”some_output._file”))
{
std::cerr << ”"write_error\n”;
exit (1);

}

3.5 FPNEKRERE
AT OpenMesh HFFE TP AN TEAERAE, T AOBIEE (R4 =AM s ) AL A4 & .

3.5.1 hpyERE

HAHEEPIMHB =M, WA TN A0 U I ASE R 77 . K% Open-
Mesh:: TriConnectivity::flip(EdgeHandle _eh)rJ LLKE45 & FIAEE N 5 — A5, EURINE:
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Flip edge
— T

N B B

15

TriMesh mesh;
// Add some vertices
TriMesh :: VertexHandle vhandle [4];

vhandle [0] = mesh.add_vertex (MyMesh:: Point (0, 0, 0));
vhandle [1] = mesh.add_vertex (MyMesh:: Point (0, 1, 0));
vhandle [2] = mesh.add_vertex(MyMesh:: Point(1, 1, 0));
vhandle [3] = mesh.add_vertex (MyMesh:: Point (1, 0, 0));

// Add two faces
std :: vector<TriMesh :: VertexHandle> face_vhandles;
face_vhandles.push_back (vhandle[2]);
face_vhandles.push_back (vhandle[1]) ;
face_vhandles.push_back(vhandle[0]) ;
mesh . add_face (face_-vhandles);
face_vhandles. clear () ;
face_vhandles . push_back (vhandle [2]) ;
face_vhandles.push_back(vhandle[0]) ;
face_vhandles . push_back (vhandle [3]) ;
mesh . add_face (face_vhandles);
// Now the edge adjacent to the two faces connects
// vertex vhandle[0] and vhandle[2].
// Find this edge and then flip it
for (TriMesh:: Edgelter it = mesh.edges_begin(); it != mesh.edges_end(); ++it)
{
if (!mesh.is_boundary (xit)) {
// Flip edge
mesh. flip (xit);

}

// The edge now connects vertex vhandle[l] and vhandle[3].
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3.5.2 LI E

1810 F E R LA T G I SR & B A H AR B 2 1 ZR 4 MIR T ) . OpenMesh
HH T2 1 R0~ OpenMesh::PolyConnectivity::collapse(HalfedgeHandle _heh). X} T #&
SEEI, AR RS B B A& G Gl SO mib: 7, T B s,
TEVER M, EFSUglELE, A SBNEHI0A—8, ATLLH K% Open-
Mesh::PolyConnectivity::is_collapse_ok()#4T 4iF -

@ a @
—_— T
@ Collapse edge @

—_— T

AR N TR SRR, 7B RIEATIRS B 8N4 .
N2 BoR B4R .

PolyMesh mesh;

// Request required status flags
mesh.request_vertex_status () ;
mesh.request_edge_status () ;
mesh.request_face_status () ;

// Add some vertices as in the illustration above
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PolyMesh :: VertexHandle vhandle [7];

vhandle [0] = mesh.add_vertex (MyMesh:: Point(—1, 1, 0));
vhandle [1] = mesh.add_vertex (MyMesh:: Point(—1, 3, 0));
vhandle [2] = mesh.add_vertex (MyMesh:: Point(O, 0, O)) ;
vhandle [3] = mesh.add_vertex (MyMesh:: Point (0, 2, 0));
vhandle [4] = mesh.add_vertex (MyMesh:: Point (0, 4, 0));
vhandle [5] = mesh.add_vertex (MyMesh:: Point (1, 1, 0));
vhandle [6] = mesh.add_vertex(MyMesh:: Point (1, 3, 0));
// Add three quad faces

std :: vector<PolyMesh :: VertexHandle> face_vhandles;

face_vhandles.push_back (vhandle[1]) ;
.push_back (vhandle [0]) ;
.push_back (vhandle [2]) ;
.push_back (vhandle [3])

mesh . add_face (face_-vhandles);

face_vhandles
face_vhandles
face_vhandles ;
face_vhandles. clear () ;

.push_back (vhandle
.push_back (vhandle
.push_back (vhandle
.push_back (vhandle

mesh . add_face (face_-vhandles);

face_vhandles
face_vhandles
face_vhandles
face_vhandles
face_vhandles. clear () ;

.push_back (vhandle
.push_back (vhandle
.push_back (vhandle
.push_back (vhandle

mesh . add_face (face_-vhandles);

face_vhandles
face_vhandles
face_vhandles

face_vhandles

// Now find the edge between vertex vhandle[2]
// and vhandle [3]
for (PolyMesh :: Halfedgelter it = mesh. halfedges_begin(); it
halfedges_end (); ++it) {
if ( mesh.to_vertex_handle(xit) = vhandle[3] &&

mesh . from_vertex_handle(xit) = vhandle[2])

// Collapse edge
mesh. collapse (xit);
break ;

}

// Our mesh now looks like in the illustration above after

= mesh.

the collapsing.

17

4 OpenMesh{E FH#FE

23 DL EJUANET A, ARG P 24X OpenMeshf | —ER TR, (HRERR 7723

FCE” — T — A B R s, i

BB B HAb S B RR B, X T OpenMeshff]
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AT PR AR O LU AR o AR5 A FH OpenMesh ) J LA SRR IR RS, 25 FH - H#AE A Open-
Mesh SRR . HBRERIRAE LA CRRE 0], ATH B AR T g A1l OpenMesh
Heketk.

4.1 EMX BRI MyMesh

H N AN G E A MyMesh, AILIZ% “2R S5HCE” — AR, <
BATHE LT —MMyMesh, FJLEEER M —MEKEWE), 2T HF244, AJUECHE
B FEOpenMeshFrig BB 77 30, A JLAS B PRER S5 E UMMy ** (1, L anixX B MyMesh,
A JE THEA AR My Traits. A FZEHR N H 35— A W (mesh ) A My Mesh 26 (454
) EREZE N, BREEIRE. 1EEMyMeshdR 2L N4 P IR

1. R = A XS I8 2 08 22 1T A 5

2. EEEMR AL CBLAR S, St 2 e RS B I A it 07 20, — R bl A ] s 2
ArrayKernelT, B FHECA ARt AR EC AR 5

3. @ A Traits 28, 5 E MK L@ S85%. vRald XA, AT
FARTU(A T ) IMEE R A N, vTRUR EE X, ]2 ZOpenMeshig 1
PEE e, Wi Ak B E B4, BT DR ETI AR VAR, BUEOSEREdRE R, B
IR #S R float

4. A E E URMEB) I E B 3 WA A T b, HAE 52 5 53 A Traits R 1 €
NEERTCHINE € g ZEAZ (XA UHBRIE4EZ 2 4h, PIORIEA PR 2 MyMesh
2258 UIFIITE LT, X MyMesh (00 R EAT Sh A 34 0 & P 44D .

ETR, BN, &5, BRA BB,

4.1.1 Z=AEMNE, ZiafME?

PP 1 2 LT AR I A = A RS, AR B ORI 5 28 PR BRE 1, 5
ZHNE T, BEJRSIRGIT, RSP ERRZE AL,

4.1.2 &FER#%(Kernel)

WH#% (kernel), #7R &0, HLHUEE BN TR T2 SR 2 B A7 i
7, a2 ArrayKernel T, FAHAAE 720, C&n] LA 2 KRB N 7K, B DUgiA H
b A7 7 O 2 R (L SRS T )

4.1.3 ME4FFE (Mesh Traits)

B REYE (Traits), & PSR A JENE, 4R 1E M R MyMesh i X 2 W1t B % $5 &
M. A —SeRer 2w r, S A rERE RS, RN, ALEE_niEr, wa. m
PREAE S, BAEATI A AR LRSI R, — PR — i, X EEH R,
OpenMeshH BV 2858 X AUF 1, AUMRRAE SR, [RIE A P 0] LR 58 X TraitsZS0, EsinE & X
JE M, a Rl PUATH A DI —Moat A Hi Z2 @, 7EOpenMesh HFRIX LN H E g M.

BRI Traits e LR
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struct DefaultTraits

{
typedef Vec3f Point;
typedef Vec3f Normal;
typedef Vec2f TexCoord;
typedef Vec3uc Color;
VertexTraits {};
HalfedgeTraits {};
EdgeTraits {};
FaceTraits {};

VertexAttributes (0) ;

HalfedgeAttributes ( Attributes :: PrevHalfedge) ;
EdgeAttributes (0) ;

FaceAttributes (0) ;

B R A T JE M . SO A A B N e OB PE TR ZE H 8 L —ANEA Default-
Traits HEERAIZE, X BIRA TR L WMy Traits. 40:

TR EIERE

struct MyTraits : public OpenMesh:: DefaultTraits

{

typedef OpenMesh:: Vec3d Point; // use double—values points

Pe

I, B SRR S B Vee3fSUN 1 Vee3d, BV M = ZEfloat 88 ok T 34k i) double %l
(KT OpenMesh 1 ¥ Vector T, fEJGL#AEH LA H).

HEITE R

struct MyTraits : public OpenMesh:: DefaultTraits
{
VertexAttributes( OpenMesh:: Attributes :: Normal |
OpenMesh :: Attributes :: Color );
FaceAttributes( OpenMesh:: Attributes :: Normal );

Pe

A, BRI SR ) B S MR T R ) JR A T S . OpenMesh /1 TiUE S
BT
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Vertex | Face | Edge | Halfedge
Color X X X
Normal X X X
Position(*) X
Status X X X X
TexCord X X

R EEAF, AR, IR A B Position B 1, A RERFEBRFIES T .

BON— AN EEAR TS INTOE bR HEEYE, B Tl Bk B E LMy TraitsZ8 2 4b, 7] LA
FOpenMesh## it (Frequest 77 1%, EREFigfrid R i I #2 Brbr @ 1,  XJ Nirequest /7 i,
HE2Z X Frelease /712, HTHRRAERYE, BRANGF. XTE8—1EMH, OpenMeshitiz
BT — TR E A E T has k. X = RTVE MBI R

// request standard properties
request_edge_status

(
request_edge_colors (
request_face_colors (

S

)

)
)
)
request_face_normals (
request_face_status ()
request_face_texture_index ()
request_halfedge_status ()
request_halfedge_normals ()
request_halfedge_texcoordslD ()
request_halfedge_texcoords2D ()
request_halfedge_texcoords3D ()
request_vertex_colors ()
request_vertex_normals ()
request_vertex_status ()
request_vertex_texcoordslD

0
request_vertex_texcoords2D ()
request_vertex_texcoords3D ()

ti

// release standard properties
release_edge_status

(
release_edge_colors (
release_face_colors (

s

release_face_normal

)
)
)
0
release_face_status ()
release_face_texture_index ()
release_halfedge_status ()
release_halfedge_normals ()
release_halfedge_texcoordslD ()
release_halfedge_texcoords2D ()
release_halfedge_texcoords3D ()
release_vertex_colors ()

release_vertex_normals ()

release_vertex_status ()
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has_edge_status ()
has_edge_colors ()
has_face_colors ()
has_face_normals ()
has_face_status ()
has_face_texture_index ()
has_halfedge_status ()
has_halfedge_normals ()
has_halfedge_texcoords1D ()
has_halfedge_texcoords2D ()
has_halfedge_texcoords3D ()
has_vertex_colors ()
has_vertex_normals ()
has_vertex_status ()
has_vertex_texcoords1D ()
has_vertex_texcoords2D ()

has_vertex_texcoords3D ()

WIMBENXITTE ETraitsSHE X, T LUNS—NEATTRIH P A € g, W
B, ATLCNTI SR — 2 PR Nsome_additional _index ) int 2 &Y 1) J& 14

struct MyTraits : public OpenMesh:: DefaultTraits

{

VertexTraits

{

int some_additional_index;
b
b

NHATTERIIN A E SR YE, 5 IR,

4.1.4 MyMeshEXHEFRER
Z i, BAICEATLE U — 588 I MyMesh 2, H P a] DU —F JLRPIE %
o [ ERIADefault Traits
o G EZUNATEEE

typedef PolyMesh_ArrayKernelT<> MyMesh;

— =AM R

typedef TriMesh_ArrayKernelT<> MyMesh;
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o {fH H & X MyTraits
I ESUNARYET

typedef PolyMesh_ArrayKernelT<MyTraits> MyMesh;

— =AM

typedef TriMesh_ArrayKernelT<MyTraits> MyMesh;

4.1.5 THEEM

2, BATCETER T A MyMeshif) g X, ARBHRATE LT —PMyMeshif)%f Rmesh,
Tk, AVE, EFEX XA mesh i RN RINENEEYE, HUihzEE.

B, FATE NS — A Point FE 8 (FL S5 A2 F AU Vet A Mcogs @ 14, I RIRAF
AN EOAE . IR

// this vertex property stores the computed centers of gravity
OpenMesh : : VPropHandleT<MyMesh:: Point> cogs;
mesh . add_property (cogs) ;

HE, cogs%%%)%?ﬁiﬁﬁﬁ ANEME, (BRI E, cogsHHANE T, FrLAfEV] 1A cogsh,
A HEBE TS AN, T8 property J7i%, % N BEBATEX FE—A 8, BATWAITHE,
FEAAAEH EOE B R13E JE Mcogs

for (vv_it=mesh.vv_iter( *v_it ); vv_it; 4++vv_it)

{
mesh . property (cogs ,* v_it ) += mesh.point( *vv_it );
++valence;

}

mesh . property (cogs ,* v_it) /= valence;

4.2 RIgLEAIE
4.2.1 (FHEKRSEMETS

H, EM*/\WU?‘:F' PRATTTT F A FH AR AN P A8 5 PRAS AT e A R . Tl R E O )
FREMEH, @i —E g L vector & #rcogs LI, AL REIUT -

#include <iostream>

#include <vector>

using namespace std;

// OpenMesh

#include <OpenMesh\Core\IO\MeshIO.hh> // 10

#include <OpenMesh\ Core\Mesh\ TriMesh_ArrayKernelT .hh> // triangleArrayKernel
using namespace OpenMesh;

// MyMesh definition

typedef TriMesh_ArrayKernelT<> MyMesh;
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int main ()

{

MyMesh mesh; // define a object to MyMesh
const charx filein = 7 ../ 0off/398.0ff”; // input file name

const charx fileout = ”output.obj”; // output file name

// initialize mesh through input file
if (!10::read-mesh (mesh, filein)) {
cerr << "ERROR:_Cannot.read _mesh_from.” << filein << endl;
return EXIT_FAILURE;
}
// manage the center of gravity data yourself by vector
vector<MyMesh:: Point> cogs; // vector store the center of gravity
vector<MyMesh:: Point >::iterator cog_it; // iterator to cogs, STL

cogs.reserve(mesh.n_vertices()); // reserve some space for cogs

const int N(20); // smooting the mesh N times

MyMesh:: VertexIter v_it, v_itend (mesh.vertices_end()); // iterator in
OpenMesh

MyMesh:: VertexVertexIter vv_it; // Circulators in OpenMesh

MyMesh: : Point cog; // temporary variable

MyMesh:: Scalar valence; // float scalar for saving the number of adjacent
vertices

unsigned int i; // loop variable

// loop to smooth the mesh
for (i = 0; 1 < N; i++4) {
// compute and save the center of gravity in cogs
for (v_.it = mesh.vertices_begin(); v_.it != v_itend; ++v_it) {
cog.vectorize (0.0f);
valence = 0.0;
// pay attention to the initialization of Circulator
for (vv_it = mesh.vv_iter(xv_it); vv_it.is_valid(); ++vv_it) {
cog += mesh. point (xvv_it);
valence-++;

}

cogs.push_back(cog / valence);

}

// update the vertices using cogs

for (v_.it = mesh.vertices_begin (), cog-it = cogs.begin(); v_it !=
v_itend; 4++v_it, ++cog_it)
if (!mesh.is_boundary (xv_it)) // boundary detection

mesh.set_point (xv_it , xcog_it);
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// write the new mesh into fileout
if (!OpenMesh::10:: write_mesh (mesh, fileout))

{

cerr << ”"Error:._.cannot_write_mesh_.to.” << fileout << endl;
return EXIT_FAILURE;

return EXIT_SUCCESS;

4.2.2 (EFHASEMN

N HE T, RATEREH =AM A ArrayKernel TN A% (1317), H H € X HFIMyTraitsZ
¥ A AR 25 float i N double(9-111T), FEFEATIEFEH, MyMeshff%F Gmeshid i ) 3L
P NHEAT T H18646(2017), TG, X NmeshXf RENZSUSIN T cogs/@PE(261T). FE3TAT GRS
b, TR T cogsHIME,  FFAESOAT IR IAMA T, KA — A R RO AL B RCE T L E O TR
BRI T Ot AL ), 3547 2 IRIEFS, 2 UCKORTI R AL B RS S B R EO0 Ak, A
MSEI T 2 VOt A,

#include <iostream>
#include <vector>
//
#include <OpenMesh/Core/I0/MeshIO .hh>

#include <OpenMesh/Core/Mesh/TriMesh_ArrayKernelT .hh>

struct MyTraits : public OpenMesh:: DefaultTraits

{

typedef OpenMesh:: Vec3d Point; // use double—values points

I3

typedef OpenMesh:: TriMesh_ArrayKernelT<MyTraits> MyMesh;

int main(int argc, char sxargv)

{
MyMesh mesh;
const charx filein = 7../off /3. 0ff”;
const charx fileout = "output.obj”;

// read mesh from file

if (! OpenMesh::10::read_mesh (mesh, filein) )

{
std:: cerr << ”"Error:._.Cannot_read._mesh._from.” << filein << std::endl;
return 1;

}

// this vertex property stores the computed centers of gravity

OpenMesh : : VPropHandleT<MyMesh : : Point> cogs;
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mesh.add_property (cogs);

// smoothing mesh N times

MyMesh:: VertexIter v_it, v_end(mesh.vertices_end());
MyMesh:: VertexVertexIter vv_it;

MyMesh : : Point cog;

MyMesh:: Scalar valence;

unsigned int i, N(5);

for (i=0; i < N; ++i)

{
for (v_it=mesh.vertices_begin(); v_it!=v_end; ++v_it)
{
mesh . property (cogs ,x v_it ). vectorize (0.0f);
valence = 0.0;
for (vv_it=mesh.vv_iter( *v_it ); vv_it; ++vv_it)
{
mesh . property (cogs ,* v_it ) += mesh.point( xvv_it );
++valence;
}
mesh . property (cogs ,x v_it) /= valence;
}
for (v_it=mesh.vertices_begin (); v_it!=v_end; ++v_it)
if ( !mesh.is_boundary( *v_it ) )
mesh.set_point ( xv_it , mesh.property (cogs,*v_it) );
}

// write mesh to fileout
if (! OpenMesh::10:: write_mesh (mesh, fileout) )

{

std :: cerr << ”"Error:._cannot_write_mesh_to.” << fileout << std::

return 1;

}

return 0;

25

endl;

4.2.3 fFEAMyTraits

NG, BATAT RSB T — NG Pcog @1, HRAAAETT A E Q. FEETT
XL 7V R IS data () BRECSE IR . RN, TEAREIH, N T U RIE AN cog E@ME, T
[TE T iZE M Mget /set 1%, 73 5l cog() Flset_cog(). SIHFRAL, OpenMeshH 2t 17—

oot /set 7715, AN IEAH TR

#include <iostream>
using namespace std;
// OpenMesh
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#include <OpenMesh\Core\IO\MeshIO.hh> // for IO
#include <OpenMesh\Core\Mesh\ TriMesh_ArrayKernelT .hh> // triangle mesh,
ArrayKernel

using namespace OpenMesh;

// Definition of MyTraits
struct MyTraits :public DefaultTraits {
typedef Vec3d Point;
typedef double Scalar;
VertexTraits {
private:

Point cog_;

public:
VertexT () : cog_(Point (0.0f, 0.0f, 0.0f)) { }
const Point& cog() const { return cog_-; }
void set_cog(const Point& _p) { cog- = _p; }

Pe

// Definition of MyMesh
typedef TriMesh_ArrayKernelT<MyTraits> MyMesh;
int main ()
{
MyMesh mesh; // define a object to MyMesh
const charx filein = 7 ../ 0off/398.0ff”; // input file name

const charx fileout = ”output.obj”; // output file name

/x initialize mesh through input file =/

if (!10::read-mesh (mesh, filein)) {
cerr << "ERROR:._.Cannot._read._mesh_from.” << filein << endl;
return EXIT_FAILURE;

}

// smoothing mesh N times

MyMesh:: VertexIter v_it, v_itend (mesh.vertices_end());
MyMesh:: VertexVertexIter vv_it;

MyMesh:: Point cog;

MyMesh:: Scalar valence;

unsigned int i, N(5);

// loop to smooth the mesh
for (i = 0; i < N; i++4) {
// compute and save the center of gravity in cogs
for (v.it = mesh.vertices_begin(); v_.it != v_itend; ++v_it) {
cog[0] = cog[l] = cog[2] = valence = 0.0;
// pay attention to the initialization of Circulator

for (vv_it = mesh.vv_iter (xv_it); vv_it.is_valid(); +vv_it) {

26
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cog += mesh. point (xvv_it);
valence-++;

}
mesh . data(xv_it).set_cog(cog / valence); // ATTENTION

}

// update the vertices using cogs of each vertex

for (v.it = mesh.vertices_begin(); v_.it != v_itend; ++v_it)
if (!mesh.is_boundary(xv_it)) // boundary detection

mesh.set_point (xv_it , mesh.data(xv_it).cog());

// write the new mesh into fileout

if (!OpenMesh::10:: write_mesh (mesh, fileout))

{
cerr << "Error:_cannot_write_.mesh_to.” << fileout << endl;
return EXIT FAILURE;

}
return EXIT_SUCCESS;

4.3 OpenGL+OpenMesh

THEWNNRARMFET, FHRERMyMesht %R, RIRHl, RKTHRINEAFAGE, $EHLpf
ATV, 8 Traits2e, 3035 4 Hrequest /712

4.3.1 i@drequest7TARNIAEREE

T, RE RS EOpenGLE /RMEL 1ARS, N 7AW, OpenGLIAEGH5 4 LL L fif
B, 5 main PR AU I SO EENHT JE frequest, has, release 7VEMIMER, A 5 Z&displayGL
BRI T ] = AT R A BAE BANE RS BT E

#include <iostream>

using namespace std;

// OpenMesh

#include <OpenMesh\Core\IO\MeshIO .hh>

#include <OpenMesh\Core\Mesh\TriMesh_ArrayKernelT .hh>
using namespace OpenMesh;

typedef TriMesh_ArrayKernelT<> MyMesh;

// OpenGL

#include <GL\glut.h>

// global variables
MyMesh mesh ;

// function declaration
void initGL () ;
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void displayGL () ;
void reshapeGL (int width, int height);

int main(int argc, charx argv([])

{

// initialize data
const charx filein = 7../off/398.0ff”;
// request and compute the normals of vertices
mesh.request_vertex_normals () ;
if (!mesh.has_vertex_normals()) {// check if the request succeed
std :: cerr << "ERROR:._Standard._vertex._.property.’Normals’_not_available
"\n”;
return EXIT FAILURE;
}
IO :: Options opt;
if (!10::read_mesh(mesh, filein , opt)) {
cerr << ”"Falied_to_read_the_data_from.” << filein << endl;
return EXIT_FAILURE;
}
// If the file did not provide vertex normals, then calculate them
if (!opt.check(OpenMesh::10:: Options:: VertexNormal))
{
// we need face normals to update the vertex normals
mesh.request_face_normals () ;
// let the mesh update the normals
mesh . update_normals () ;
// dispose the face normals, as we don’t need them anymore

mesh . release_face_normals () ;

// for OpenGL registeration

glutInit(&arge, argv);

glutInitDisplayMode (GLUTRGBA | GLUTDOUBLE | GLUTDEPTH);
glutInitWindowPosition (10, 100);
glutInitWindowSize (800, 600);
glutCreateWindow (” OpenGL+OpenMesh” ) ;

initGL () ;

// specify call back functions

glutDisplayFunc (displayGL) ;

glutReshapeFunc (reshapeGL) ;

glutMainLoop () ;

// don’t need the normals anymore? Remove them!
mesh . release_vertex_normals () ;

return EXIT_SUCCESS;
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void initGL ()

{
glClearColor (0.0, 0.0, 0.0, 1.0);
glClearDepth (1.0) ;
glShadeModel (GLSMOOTH) ;
// enable lighting
glEnable (GL_LIGHTING) ;
glEnable (GL_LIGHTO) ;
// enable depth test
glEnable (GLDEPTH.TEST) ;
glDepthFunc (GLLEQUAL) ;

void displayGL ()

{
glClear (GL.COLORBUFFER BIT | GLDEPTHBUFFERBIT);
glPushMatrix () ;
//glutSolidTeapot (1.0) ;

// start to show the mesh

29

MyMesh:: Facelter f_it , f_end (mesh.faces_end()); // iterator for faces

MyMesh:: FaceVertexIter fv_it; // circulator
glBegin (GL.TRIANGLES) ;
for (f_it = mesh.faces_begin(); f_it != f_end; ++f_it) {
for (fv_.it = mesh.fv_iter(xf_it); fv_it.is_valid(); ++fv_it) {
glNormal3fv (mesh.normal (x fv_it).data());
glVertex3fv (mesh. point (xfv_it).data());

// alternative

// glVertex3f(mesh.point(xfv_it)[0], mesh.point (xfv_it)[1],

point (xfv_it) [2]);

}
glEnd () ;

glPopMatrix () ;
glutSwapBuffers () ;

void reshapeGL (int width, int height)
{
glViewport (0, 0, (GLsizei)width, (GLsizei)height);
glMatrixMode (GLPROJECTION) ;
glLoadIdentity () ;
gluPerspective (60.0, double(width) / double(height), 1.0, 100.0);
glMatrixMode (GLMODELVIEW) ;
glLoadIdentity () ;

mesh .
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glTranslatef (0.0f, 0.0f, —2.0f);

30

4.3.2 BEEX Traits¥E77ERNA BB

I 2 L TraitsiH 4 205 H A FHRequest HiEE AR, AR ZERWIER N, RmEIWF:

#include <iostream>

using namespace std;

// OpenMesh

#include <OpenMesh\ Core\IO\MeshIO .hh>

#include <OpenMesh\Core\Mesh\ TriMesh_ArrayKernelT .hh>

using namespace OpenMesh;

struct MyTraits :public DefaultTraits {
VertexAttributes (Attributes:: Normal) ;
// FaceAttributes(Attributes:: Normal);

Pe

typedef TriMesh_ArrayKernelT<MyTraits> MyMesh;
// OpenGL
#include <GL\glut .h>

// global variables
MyMesh mesh ;

// function declaration
void initGL () ;

void displayGL () ;

void reshapeGL (int width, int height);

int main(int argc, charx argv([])
{
// initialize data
const charx filein = 7 ../ off/398.0ff”;

if (!mesh.has_vertex_normals()) {// check if the request succeed

std :: cerr << "ERROR:._Standard.vertex._property.’Normals’_not_available

N\n”;
return EXIT_FAILURE;
}
IO :: Options opt;
if (!IO0::read_mesh(mesh, filein , opt)) {
cerr << ”"Falied_to_read_the_.data_.from.” << filein << endl;
return EXIT FAILURE;
}
// 1f the file did not provide vertex normals, then calculate them
if (!opt.check(OpenMesh::I0:: Options:: VertexNormal))
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{
// we need face normals to update the vertex normals
mesh.request_face_normals () ;
// let the mesh update the normals
mesh . update_normals () ;
// dispose the face normals, as we don’t need them anymore
mesh . release_face_normals () ;

}

// for OpenGL registeration
glutInit(&arge, argv);
glutInitDisplayMode (GLUTRGBA | GLUTDOUBLE | GLUTDEPTH) ;
glutInitWindowPosition (10, 100);
glutInitWindowSize (800, 600);
glutCreateWindow (” OpenGL+OpenMesh” ) ;
initGL () ;

// specify call back functions
glutDisplayFunc (displayGL) ;
glutReshapeFunc (reshapeGL) ;
glutMainLoop () ;

return EXIT_SUCCESS;

void initGL ()

{
glClearColor (0.0, 0.0, 0.0, 1.0);
glClearDepth (1.0) ;
glShadeModel (GLSMOOTH) ;
// enable lighting
glEnable (GL_LIGHTING) ;
glEnable (GL_LIGHTO) ;
// enable depth test
glEnable (GLDEPTH.TEST) ;
glDepthFunc (GLLEQUAL) ;

void displayGL ()
{
glClear (GL.COLOR.BUFFER.BIT | GLDEPTH BUFFERBIT);
glPushMatrix () ;
//glutSolidTeapot (1.0) ;
// start to show the mesh
MyMesh:: Facelter f_it , f_end (mesh.faces_end()); // iterator for faces
MyMesh:: FaceVertexIter fv_it; // circulator
glBegin (GL.TRIANGLES) ;
for (f_it = mesh.faces_begin(); f_it != f_end; ++f_it) {

31
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for (fv_it = mesh.fv_iter(xf_it); fv_it.is_valid(); +fv_it) {
glNormal3fv (mesh.normal (x fv_it).data());
glVertex3fv (mesh. point (xfv_it).data());
// alternative
// glVertex3f(mesh.point (xfv_it)[0], mesh.point(xfv_it)[1], mesh.
point (x fv_it) [2]);
}

}
glEnd () ;

glPopMatrix () ;
glutSwapBuffers () ;

}
void reshapeGL (int width, int height)
{
glViewport (0, 0, (GLsizei)width, (GLsizei)height);
glMatrixMode (GLPROJECTION) ;
glLoadIdentity () ;
gluPerspective (60.0, double(width) / double(height), 1.0, 100.0);
glMatrixMode (GLMODELVIEW) ;
glLoadIdentity () ;
glTranslatef (0.0f, 0.0f, —2.0f);
}

MG AR DUE B, ZOpenMeshit Sk FIME S, L AURIN SN 1A RfE S, X
—RAREEEL BeA, fE LG, HRERE R BRI request 7 A LU, AR AT
P My TraitsZS M€ SCHPSEIL, KMy TraitsZ 5 S BERRT L4 B AT . I8 A ARG 1 5541 F14547
T LATR] IS AR o

4.4 HEMT
4.4.1 *FVectorTHEHR %
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Mesh H I Vector TR M [R5 LRI, X TCHE2 IR H MBI, P DG 2 2 WU A FE X
I VectorT, ZFErPtBEft 7 H M A s BOM = 5 (12 5T B3
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normalize ()HALM, & A A4 ) &
normalize_cond ()47, &G BR LLOTE LI K A4
11 _norm(), 18 norm(), Riu%k
max(), max_abs(), min(), min_abs(), mean(), mean_abs(), K& K/ FIIE
FrAS R Hsize(), RIBIYERE

o RFiKE X Vecdf, Vec3d, Vec3uc

B2 A5 BT LS B 7 SR R T Vector TRV E -

http://www.openmesh.org/media/Documentations/0OpenMesh-Doc-Latest/a00313.html

4.4.2 *XFOpenMeshHJsZI}

KT OpenMesh ) ik N B = B B, ANFE A2 2 XFERER. JHEZOpenMeshff]
YRR R, RIEEERENISEAL LI, Wi R VB S B LSR8 5 — A2
M. TR

class P1 { }

class P2 { }

template <typename Parent> class B : public Parent {}
typedef B<P1> fooB1;

typedef B<P2> fooB2;

XL AT IURIRAEZ )G, sEEER 7. 1 HOpenMesh ) SEHL i 2 132 B4 s, N
BN T BEAFOpenMesh /= IREE A (FIXERE . 47 #E 48 Fl OpenMesh 2 {45 AN ARAE, B2 A7 I
(BRI ANEEL ], A AT BRI A AT

5 TODO List

5.1 TODO List

o MERMH% TR

e il:OpenMesh AT H % {5 & (W OpenGL+OpenMesh)
o Wi OpenGLZ 7~ MyMesh* 4 (M.OpenGL+OpenMesh)
o A, AFEHEEE TN

o fFSTLHVE
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