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Research of algorithm for shape preserving triangular mesh

simplification based on important degree

DONG Yan, ZHANG Zhi-yi", YANG Ke
(College of Information Engineering, Northwest A&F University, Yangling 712100, China)

Abstract: In order to solve the problems of the feature loss during mesh simplification algorithms, an Edge collapse simplification
algorithm is proposed that based on the importance of vertex and triangulation mesh. In this algorithm, weight of vertex is used
to calculate the collapse cost of edge, vector angle factor is defined to control the folding sequence of edges. In order to keep the
characteristics of the model and improve the efficiency of the algorithm, the boundary characteristic regions could be freezed. Fi-

nally, edge’s midpoint and mesh reconstruction of edge adjacent field are used respectively for finalizing folding procedure. Ex-

perimental results show that the method can well maintain the characteristics of the model after massive simplification.

Key words: weight of vertex; edge collapse; quadric error metrics; triangular mesh reconstruction; mesh simplification

0 35

BEE =R B AR 5 B G IRBRE R AW R R, R
R =B GEBAINA S, X B R E SR H,
S AL I 4% i L) K S A B R B R B Pk, BRI 4
bR 2t 12 i ) 45 T A — B T AL B TR ST 5 A A
JR B2 — . Schroeder 25 A5 H A5 T T0 M Bk 1Y 2% T 4%
I A7 . Garland 25 APV R BT ZIKIRZ  (quadric
error metric, QEM) 4k 777, Hoppe % A 5% HY RE
BRMTEL i, X, Rl TIRA
HIEHR R RE, BB A ER LT BDAESH
g, TEERAZE AUV TR e iR 22 A = M A T ko
%, BHTEEBRE RSB, SCHEABCR SR L

ik

KR E:
EETH:
EEEIT:
A B,
E-mail; 506390367@qg. com

2012-08-30; f&iTHHE: 2012-11-07

HE T EA AR sh P S m H  (K314020901) ;
#wH (1987 -), &, BRITEHRA, SLHEE, T ATEIEES: C@EiES: k&R 1974-), 5, WWEIEHK
BEFE 7 6 it S G S5 BB BE (1989, B, MRk A, Wtefsd, 5l mhit BRI,

BREME R, MOREL, (R, TEANBERE R
TG ; B AN 4R T AR AR K PR AL R
e, FEBEAT AHURE 1A A1 5 473 RE B2 1 £ 17 IR 4R A 0 B0 R B
FRAE, (ELRTE A i 72 b il A 0 57 AL IR B RS BN RE A 2L

- AL, 5 R AR T S R AR T AL R

WU M ORI T HIHR PO BOARAE , Bk P S R T P iR 22
) o RIE AR R BT, RS AN RARR
RMGEAIT BT %, FEHHERE. RIFMEERFFL
BB R T A kst .

A AAT BB RMEATOII . KU DU B B AR B R
ENRFENTF . MBGENDETHE. EgdET,
XSRS FA AT IR A, R S S T e T
FENLR AT R, 2B (R AR B ) 10 SR (I R 4 1

R E R A RN 55 P LT & H  (Z109021004)



« 1890 -

M TR LRt

2013 4

MERRTR T, S RIAR B A L 1L,
1 #ExHiR

T MARAFE ) 24k 5 ZRe ., BH RABEN=
PRI AL AT AR . F ARk 7 ik £ B A I N4
. BE A, KA. JLMITEMB. DI reE.
DALY 22 M B T o R 0 AR A R R AT A S A fT b i
REBCAT b 08 BR B SR IR A 4 iME B, IR 2 R A
JUA TR MR 7 s R R AR T — E M LR 2Z AT T,
R XT JF A AR A S5 A LA T 2R, 35 A 45 TOL A R
WifE, =ABWES %, B, hind B AE S,
T REB/NORES . PSR R B L.

AICK B &L, E LR, Bir&Eidk
BRMXERAEOESH A, B “HRiITER” MRS
B S AL E T E .

1.1 EXHR

R TR ITE, ARG H— R SRR S A

EX 1 HETE o BEXKEOTUEESH “4BEHR”
Timise (EERETAD, BN Ve, BETA v, ol
KRBT, ME L, A e B “ARERT AL R

Vo= 32 ae! ‘mansleais

» Ugts

Bl #ixkds

EX 2 §ExEfFH, T WBRAN” RKABHR
“FITRIL”, RIS AR bR “Rrin Bl BT A
Aetr, BISERL “HrB” .

EX 3  KEGRL” A “TUSERE” M kRS,
BIFRAE, XIS “4BEER” TH AL H A ol 4 B4R,
B, 5 “Frir@&” HEXBENTEARSS “hifrs” #
165 FERH, Bl — TSR IR AT H BN, %
LR “BE” B,

1.2 METRE ZRIRE

KA Garland $2H 59 — KR 2Z M BF (quadric error met-
ric, QEMD ¥k, HETUEN “wiR%E, HitBREas
BRI R . QEM /R Y2 — AN T 2 0k i i A9 B s
X D; (o) HPEIMEETS o BP0 P #5877
i, B

D;(v) = (p"v)?* = v"(ppTv= 2" (K,)v (@b

Hep, B FEAEBRA: axtbyt+cztd=0, H#HE
&+t =1, & P= [a, b, ¢, d]" REKFE, WA
vHJRIRRRA [0 v, 2, 117, Hf, HEAEE KA
K, & X4
a® ab ac ad
ab b* bd
acq eyl ic od

ad bd cd d*

FE SRR TH A B9 — YRR 28 Ry T AR, o 3 T A5 B SR TR 1) B
BV EBEERT T, BE (o), BTSN KIRESE
FEH Qo) , Bl

F‘

E=—thp — (2)

o

Q) = DK, (3)
pES
e(v) = 9" (D )K,)v = 1"Q(v)v 4
PES

1.3 MEMAREXE

PO A T s Ak 4 19 O 8 72 A — B 2 o IR0 A R R 14 428 o 5
RPEAR . A SOR A BUINAL A = f s R B0 R E
TEARERE., X (5) Hon, BRI v 4L B AL B
rE.

Z:ﬁxnmr omo= i (5)

A Ar—5TE o MKW =/AK . e WEMH.
=AM E R LUGE S B AR RmE “ X
(AR “XE™ KB, BFAETEDFSAN R
S 1) B SR A R0 R, O, AR SCR A 2s (A] v e
“XAR” RBE.
1.4 ExmeESzE

AR AR TREE F IR TS EEEE R LMTE
Rt 8 B M HE I SR 5 Y 3 B AR A A B 1k B9t
oA rh . AT R, AR K B SEBA B th e B m
(m<"<ln) ZRSEHLMRACIERANE, [0t B 404 V0 Bl N 52 5

© WRA AT R s 20 3 4 SR 0 A AT B, DR

FHB APPSR A B HEATHE T, A S i i) 4 2
2% O (mn®),

2 ETHMREZEMNOMBEL

2.1 MRHNEEE

WRIEARIIE RGHIRFAE, MBI IRRT, 388
) B A B AR LU AR R, o O B I 3 e
55 DRI TGS Ab B TO1 o X 2k 5 100 s A 8L ) S AT MR
FE+DEE, TiadsRREERK, £BRIZHUEE
PR BN RE W R, BT A A BB AR A, A SOl

2.2 BIWERHG
W “FrifrZad” SR LB =MAE, HAHE “Hirs
A7 HaEEC MBS, mAEK, HEPGEE R, FH ik



B3k 5

T3, KER, BHE: ATREEZENRY RERT HHRL

o 18001 =

ERERER ‘S’ BROFTERREE, WA
FEEHTHENAG FAEFHSHKEBRL IT1EZ
J&. MIREZESSAINEE, S eir&h KR/
25 AR R I AUS BB BB AR Costae. B XATTF
(. +eD
Co. e — “ -
e S (A, A ]

PES; q€S;
HH N Ve, WM w, vBIERZKIRE, [u—v| R
“HFBN KE, e=0Q (v'v, Q (00" = D (K,
Ay, FIHEAIE e,

B TAR ;= i B v ey 3 e s R B 1
HEBHXER, WE2 (@ Fin, KEEHNRERE, 55
HIER A = A A A B BB L, S BUR AT A 1
ML AR, Wik, AT RATELESD, H “FF
WEN” EXHREART, LGB HITZEIT .

u—u | (6)

(a) BRI FRIT B (b) $HiED

B2 HRaE

2.2.1 XRERTEEAMAAT EVe

EN “FRUTEAT DRI AN T U7 1w ) B 22 () B ke
ARSI ARET, I4E EV.,. AR RBETEHIA o
/ANF 45°, WU “Feir @il SRIBEE R A 1Bk i ) 3 i
JLRR, WEBERELBRSBNEEBMLETE. kR
ZIEH e fR AR ER #HTRME, X (D Ak
HF EV.. B9RA

EV,, = cos(n, sn,) 7
Kb ny ne—TUR v v SEEIEE T,
2.2.2 ShkmERMAHET EF,

SE SR “REITERLT WA = A T OF R B
Jefa R FESMAE T, iB/E EF.. =2 A i3 f AR
ST A9 T, BT T Y Sk e 2 (e AN . A
ANEREZ AR B RT 457, BB SRRtk a5k B
B, MBI M el FERAR, NRERE,
St & = MmEESNE R BRI MBI, KX (&) KKk
A F EF,, 3Rk

EF,, = cos(n snp) (8)

Kb np, np—5 “TRFEH" KREKEIW D =M 10 8F
HERE.

FRWA T AR FERRE HFITEN NREEEE

B, B CRRITERN ARSI A E T R E &1,
WpRCIZL A A A il .

FERFAF B2 HARK =ML . RIOTHIE K
W =AY E U BE HEAT PP . = AT LE U BE VA 1 7 TR
WA=, ke, mRE, AEE B TERESAK
TEANREE VLMD S 1T TE WU J3E R AR A R O, BOAR SR
MR R =AM IENE . MHE R =M EIE
M EERRZERT . FRICKRERE) “Frifr@ih” N A&,
2.3 hRXEALE

FEXER AR B AR R AL DX, O T S R
L LA, BN FRLIR A XA T R R AL B
ARICRA YRGS 977 X RAFLIR X ATRRE i
S H5EAZE “NE” BAeEDE, KM R
Bl R B R B AR . AR BB IR B R, TR XA R AY
TS FEEAT R, (S SR ERE.

BAb . TR AR AR B R BT R A A AR B o, £
LR P L LI, Wl 2 G,
A ST PR R R A TEAR . KBRZ A SRR E
PRECERHORBER MR, O D U AR D , 72T 1k
WA TR
2.4 HMRMLE

B FHTER ZJE. RERTARMEZREE,
R FAXIBER S BT, BT o0 B4R, B

v =—A"'B »
a® ab ac
Hb. A= |ab & &|,B=1[ad bd cd]".
ac be  c?

A AT, U H TR AR A o B9 ARAR N — AT B,
AW WM vy vy (o o) /2 PEEFEAMN B/ A
VERFTRITI AR . (875 83 8 B a3 A B TR, OB R By
SMEENERE, HMEMEZTR, #A3E AR

- A, BRI TR B R LB R DU o BIALE .

2.5 HERE

e S U R W ORI = 8K A RPN =
mr.

SR EEUEAEUE, @#r 8 TUS AR, B,
BEARER;

BB 2 BRSNS TR E, F0TRN K
R

$B]3 HEFHNFEANTF EV,. EF,;

B4 WHERITHTEL T ERMS, BT 2T
AR FRREWRRI A rE” frid, P15 X80k
e :

WS AXAldTEd, X e TR T T HES
A BN A a A e BAF 25 5

HR]6 MIUERLHATIF (AE) &SN &




» 1897 »

it HEM A&

2013 4¢

ANEARARIE “VRES” BIMER “FRYTRA”, I % AR BRI
SHGAEIN “VRES” ARiL;

SR WEHDUR o RRRRE, ATUR o Bk “FiT
BA” AT SERITERE, BB MR
B BB 6;

SB|S REPATHIE 6 ZLI 7 B, HIWHETE
T B A9 8 H 2R, Ak,

3 ET=RASmMiaFEREt

WET “TR MR M “hir&” MRkl kEr R
BRI — TR, A= fHoT, 7 5 5 5k T S om0
B EER, FEZRITIHERE, SRIFENES
BT BB DU AL B A bR, KRB kS = MBI 4 M4
EHRANFEERE DT E, 4 N=MAHET, RERTILK
Pr&fe, BRIk BIFIbAEsR, A K AL A% A
R BTG S SR AR R R TR AP AR A 05, RE RS B 4 L 3iE
HEELR MRS BE AR AR K, BT BB = £ JE 1F ) BE 447
it ASARBETUEEEE RS EER S
W7 BMNERE “fRIT &7, REX “HFEN” ABEGE
FIEAT AR E R, ST RS fRIFL R

LA RN BIE ., SIZHBA TS LB = A8
KB, XERSTER—Fa AR, WE4 (b)), 3
A E KT = ME 0, MEMEERSR, RS
AR R AR A R B S hETF
Delaunay B, Xy sk Eay:, 2T mEds
METFRITFEEE. Hh, ETF Delaunay = ff /) & 20
Tk, BAMRSRABCASER, BEE N =MAER N,
B AR LR, Bk, ACRRATEHE TS, @it
/L, SRS 1 XK 8 6 190 s B e i A

H T E =4k 18] v E = £ TR 75 78 S — 25 ] X 38
FIRERE ., FF AT KM EARR, £586GHE K
B/NEDHBAE “SBImA” KRz, XHEMEBHETE
AR P ROZ R 2 . A SGE I TS A T, X M T
HAPME, XA S S B/ g S, 5
SR, %07 AT LAIE G kA T AR R
3.1 oA A T T i )

DU MR, B R, HRE, RRE%,
ARTCR AT o AT LR 6 3 DR T 4 11 e

B, iEHA v “AER KB EaEAE Y
n, WE T AL R “ABEERT 3 AMHARR TS P Q.
R, HEHARW =M FHEHNETFEHLERE w, 4 u=PQ,
v=0R, w=uv, # wxXn=0, WS Q J™Tid, &ulN
T 25
3.2 HiEmRE

Xt R ED” BB, ST B, 52N
IR . BARSCBUE BRI LR IR .

SR R “FEITEINT PP “SBEH”
TiRses, WA 3 () Fim, PP, “4BRBIN” THEES
S

AViu= {P1, Psy Ps,

(a) JELU6TH A (b) YR (o) MY AT A% B
B3 Mifgds
|2 7 “WEH TEEET, Bl TS
BEEL 3 NTHUA Pis Pivrs Pigss FIW T Py BT

B3 AT P AT, WHEEES | P P |
ABBES, &N, i=i+1, HELH2, Sehil, HE
=n (n “4PEI” TUSMANED E1k, BEbmE 4;

WL RBEHNEATHEER/NDON, EHEAE
1, BP Valueye =min (| P; Piys | ), (i=1, 2, 3, +-,
n—2), FRIEXF R = A1 AP P P T AETE R =
FEHAE, NV, PERTE P

$]S EELE 2~ BT,S, HE V., AN
KF 4;

$R6 MEAEREIRS, 4 “HHL WEA
KIRE “4REH” BTSN ST 4 mh, B 4 AT A
ATREE LA 3 (b))  (4UaTE PiPsP,Ps) S5 3 (o)
(M PP, PsPy) BTG, 5 ZARYE BAK 1 5045 3
R, AALHEE. FHIUAEN.

ChPATE, MR &M ARNKE, BRENEK
BEX L B R A S HATH Sy, tE 3 (b) PPy

MU, W E e % e M T 5 HL BT of 7 B T A

- ASRLHEATRSY W 3 (o) il Py Pss

SR7 LV PREE AT, BEEHE 3 T
R HEMABE R = fMAEA.

LU ER 7 SRR AR ERE, B4 () —
(o) ZH MBI “FrifTBil” B ERSWTR.

() B PRI AR
B4 AT=A3a0ddmiitse

(b) R4 (c) FLR T

4 ZHER

REEIF ZIBE R Visual C+46.0, FH OpenGL &



F34E WM

T3, RKER. HE: ATREEZENRTYMERT EFL

o 1893 -

SHWELH., FEkAEARREAILEERL, XTI
AEEEHITEMEATESET =A% 00T & /AT
AT HHIE .

K 5 MR R TS EEE RN & W R A
SRR, B DRI 4850 4N A, 9696 N1, WAL 5
(b, (o), (d) HELRERI A HL L R B A 40T b . 2 fiifk
FRIkF 91. 81 %6}, BLRLA 40T REAE AT REAS B AL 4 M AR E
Bk [4] B RiRHE TS B PHBE R R/, 32 3 8478 i
P, B S SC A T i SR AR A R RIS AR B R Ak, O
AEAR BE OB R A AR . 24 WIfL RN T 600 TR T,
A S T T, R B A T B R Ak T T Y R AR SR AR
B R R SR B Z G . A SCR L R4 R ORIFRLGT .

B 6 METHAEEFNDITER A RS 0Hk (4]
Rtk R R A, BE 6 (b) A LIFH, A
EAE I R R R A B Sk E R A A b 45 BN B L IR A

B 7 g B B R R X LR A, AR T R 2154
A, TEE4204 4. BT () AILIEH, RAETHAER

() EHER

(b)fi4£39.28%

A5 LEAFLEE

¥

W7

BE6 ZREAF[MLL

S <
=
1

(a) BT f£91-15%*

1ig/ )
y I{ 2
(b)A= & 4£91.81%

QEEE=E (b) T 1£30.17%

BERAIT BRI, MBI E) 82. 26 o, {HRERT
AR R B R 00 RSN RAAE .

& 8 MR F#EF = M o i B & i Ak 7 i AT R A
ROR B, JRIR 4 Sk BB A LA T A 8105 4>, AN
15816 4~, ME 8(b) ~(d) AT A, HF{LHRIEF] 92.99%
Bf, HREG. BT . WEEAES BT B AR EE .

E o hEFHAEEENLITERAETESET=/M
HI 43 B 3 B 17 Ak 7 Bk B R AL R X e R, Ho, B9
(2), 9 (o) AFET TS T Z P 0 3 B A7 4k 07 ik 1 {87 f 45
BE; B9 (b). 9 (D) AEF=MFSRBITERL L E
Bt g IR, PR T B LA 400 — 700 Z 1|, &
IR AE . B9 (o ~ (D) ®4, ETF=MA%H400
7 2 A7 P v o A AR g R S R T A S AR

XTI A EREENDFERATESET =A%
ST B R X S AR TR, R 1 AH T IL
HBRAFAAEAE . R B A (R S5 .

R 1 A el . (o PR (AT Ak 5 i AT R RS B 1R

(c)fET1£62.99% (d)fET{£91.81%

(b)A< 3L i71£82.26%

(a)fiT{£78.9%

B 7 RAEBAE A

(o) T4k 53.25% (d) 5 1£92.99%

A8 HEABBA LA

REEEE (b)E1£46.8%

(0)faT4£53.27%

(d)fEi1£.85.87% (e)fET1£:86.22%

B9 AXHMRAS EFHHER




o 1894 -

HHEMIRL R

2013 4F

PO, X i 18 AR 2 AN O Y A B (R T 4 DR T
4850, THI%K 9696 B, SR T IS B2 F i & /b7
L TR, MR 56. 5%, FTHIEE] Y 6. 38s,
AL RA 91. 81 08F, FrHIRIETE A 8. 24s, RAET
=MARlamarEEe g, BT EMEEESR RS

X T s SO A 408 L5 B3 3 1 W A /) B 3 5K 52 B
ZAEISY . BB R T R — 2, (HARAS AR LAY R AL
HOREE, RCREME TE TN EEE R BN
o mE 9XT AT, SRR, BT R R
Y R AR T ) 40 A

®1 HEEHAESHER

J b TET AR HET TS ERERNHITE Tk ET =AMy &l %
CRfpi: D fRj {2 i ] R Fis ] faj b3 i [E] TR i} [
poy) i 4000 52.1% 1. 46s 78. 2.10s 59. 80% 4.56s 81.50% 5. 88s
ARy 5804 46. 8% 2. 88s 85.87% 3. 54s 53.27% 5.98s 86. 22% 8. 37s
L 9696 56. 5% 6. 38s 91.81% 8. 24s 61.22% 10. 19s 91.93% 13. 06s
SRR 15816 56. 7% 8. 14s 92.20% 10. 48s 53.25% 13. 26 92. 99% 15. 47s
5 gwiE Graphics, 2011, 16 (5): 892-897 (in Chinese). [FH &, 3k

AT AR BT ELM A, KRR UTUR M E
R PR ULE T BT B NTLFF o 5 0 90 A A5 B T2 1)
T 5T B Z B MAUE b I &AM, I EdrEad
T S A e A PR R AT e U A MR R T o A BT
BEOL. SRR R A LR, SRR LR X
BT, MZA2E “UE” WERELE, BiFmR
R A LR R AR B . SR TR, ¥
=BT BARSH B2 5 AR AL I S
A PR AR,

S 0k :

[1] Garland M, Heckbert P S. Surface simplification using quadric
error metrics [C] //Proceedings of the 20th Annual Conference
on Computer Graphics and Interactive Techniques. New York,
USA: ACM, 1997: 209-216.

[2] Hoppe H, DeRose T, Duchamp T, et al. Mesh optimization
[C] //Proceedings of the 20th Annual Conference on Computer
Graphics and Interactive Techniques. New York, USA.
ACM, 1993: 19-26.

[3] QIAN Xueming, JIANG Pingyu. Triangular mesh simplifica-
tion based on bounded error [J]. Journal of Xi’ An Techno-
logical University, 2007, 27 (8): 234-237 (in Chinese). [T
P TOPE. BFRERERG=MMEEL ] BET
A R2E2E4 R, 2007, 27 (3). 234-237. ]

[4] XUE Feng, YUAN Chengfeng. Mesh simplification algorithm
based on keeping shape feature [J]. Journal of Computer Ap-
plication, 2010, 30 (9): 2431-2433 (in Chinese). [, 3=
BORL PR35 SN RRAE B AR TR S (1. &L,
2010, 30 (9): 2431-2433. ]

[5] WEI Hu, ZHANG Liyan, LIU Shenglan, et al. Mesh simpli-

fication based on support region [J]. Journal of Image and

WA, XM=, % EFESAmMgEass U] FEE
SEB2ER, 2011, 16 (5). 892-897. ]

[6] DONG Fangmin, LIU Yong. XIAO Renbin. Improved QEM
simplification algorithm based on features preserved [J]. Com-
puter Applications, 2008, 28 (8): 2040-2042 (in Chinese).
[T, XB, H AW, —Fhe a2 F IR B IE 4755 10
QEM fif # 8 35 [J1 3 % #L 5 A, 2008, 28 (8):
2040-2042, ]

[7] TANG Hui, LUO Limin, ZHOU Zhengdong. A mesh simpli-
fication method based on curvature of curves [J]. Journal of
Image and Graphics, 2008, 13 (11); 2224-2230 (in Chi-
nese). [JEE, B R, FIER. HTihkih 30 Mg KLy
% 0] PEEZEEZFR, 2008, 13 (11). 2224-2230. ]

[8] YAN Tao, JIANG Xiaofen, WANG Yu. The research based
on the simplification of the triangular mesh model [J]. Com-
puter Engineering & Science, 2010, 32 (12): 69-72 (in Chi-
nese). [FEE, EWElE, FE. 2T =M MK G LI
LUl #HEHNTE SR, 2010, 32 (12). 69-72. ]

[9] CHEN Youping, LIU Shiging, YUAN Chuming. et al. Mesh
model simplification using normal vectors [J1. Journal of Engi-
neering Graphics, 2007 (2): 23-30 (in Chinese). [ &4,
XL, REW, % BRERCHAMBEREL [J] TR
E2E2E3Rk, 2007 (2): 23-30. ]

[10] Philip J Schneider, David H Eberly. Geometric tools for com-
puter graphics [M]. ZHOU Changfa, transl. Beijing, Chi-
na: Publishing House of Electronics Industry, 2005. 80-84

(in Chinese). [Philip J Schneider, David H Eberly. 12 #1
EiEse LM TRAER AR (M1 AK%, ¥ bR 7L
ol H At 2005: 80-84. ]

[11] YAN Tao, jIANG Xiaofeng. Research Triangular mesh
model simplification l;ased on STL [J] Computer Engineering
and Design, 2010, 31 (23): 5060-5064 (in Chinese). [[3
W, Ehelg. BT STL =M MBS LR (1] HE



B3k HE5H

Fx, KEE, BE: ATREEZAARBRAKRLT FHAAL

918905

ML 5%, 2010, 31 (23): 5060-5064. ]

[12] LIU Xiaoli, LIU Zeyi, GAO Pengdong, et al. Edge collapse
simplification based on sharp degree [J]. Journal of Software,
2005, 16 (5): 669-675 (in Chinese). [XIBEFI, XIWIEE, &
WA, % HTRIFMEEMBTEEMAEE [T, RIEER,
2005, 16 (5): 669-675. ]

[13] YU Jies LV Pin, ZHENG Changwen. A comparative re-
search on methods of Delaunay triangulation [J]. Journal of
Image and Graphics, 2010, 15 (8).: 1158-1167 (in Chi-
nese). [A&7, B, EL. Delaunay =f W E I ¥
Bwrsx (11 B B % B % &, 2010, 15 (8):
1158-1167. ]

(L% 1878 T
S % UMk :

[1] LIAO Xiaoping, WANG Zhijian, LIU Shan. Active service
platfrom based on xml and publishing/subscluption mechanism
[J]. Computer Application and Software, 2009, 26 (1):
205-209 (in Chinese). [BI/F, E&HLE, XL ETF XML
e ATENE R ESRS Z%E U] HHEVUELE S KRE,
2009, 26 (1): 205-209. ]

[2] XIE Chunxiang. ZHANG Hong, NIE Yuman. Development of
SMS terminal based on GSM/GPRS []J]. Computer Engineering
and Design, 2007, 28 (7). 1680-1682 (in Chinese). [Wf#H#f,
wiT, B4E. ET GSM/GPRS ik EEFaHA %k Ul
HEN TR, 2007, 28 (7). 1680-1682. ]

[3] CHEN Chaoxiang, DING Jianlong, CHEN Farong. Design
and realization of intelligent SMS employment services platform
[J]. Computer Engneering, 2009, 35 (7). 191-194 (in
Chinese). [BREE. TER&. FAR HikERFHLRSE ¥
sEMRITS XA I #8H T8, 2009, 35 (7):
191-194, ]

[4] WEN Feng, WU Zhaolin, QIN Yanfeng. Design and imple-
mentation of metadata-based translated MIS [J]. Computer
Applications and Software. 2011, 28 (4): 242-244 (in Chi-
nese). [XEE, EEH. =HE BT ofiEnmEELE MIS
w5 E® L1 S LA S5 %4, 2011, 28 (4):
242-244. ]

[5] KONG Lanju, LI Qingzhong. A metadata-driven cloud plat- -

form for delivery of SaaS applications [C] //Proceeding of the
IEEE Internationzl Conference on Information and Automation,

2011. 501-505.

[6] Charles Crichton, Jim Davies, Jeremy Gibbons, et al. Meta-
data-driven software for clinical trials [C] //Proceedings of the
ICSE Workshop on Software Engineering in Health Care,
2009: 1-11.

[7] SUN Xi, ZHUANG Lei, LIU Wen, et al. A customizable
running support framework for autonomous components []].
Journal of Software, 2008, 19 (6): 1340-1349 (in Chinese).
[PhER, FEF, XI3C, % —FhAlERI A B EM MRS 1T SOEE
3 [J]. #KfF2E3R, 2008, 19 (6): 1340-1349. ]

[8] ZHEN Fu, LIU Min, DONG Mingyu. SOA message-oriented
middleware based system integration method for business
process [J]. Computer Integrated Manufacturing Systems,
2009, 15 (5): 968-972 (in Chinese). [Ei@., XIE., #&H
. T RS A T B o A 1 Il 55 R AR SR R
B9 0. iHEPERHIEE RS, 2009, 15 (5): 968-972. ]

[9] SONG Jie, WANG Daling, BAO Yubin, et al. Study on a
metadata-driven ETL approach [J]. Journal of Chinese Com-
puter Systems, 2007, 27 (12): 2167-2173 (in Chinese).
[RA, A%, R, % —FoufdRmsiK ETL JrEkn
Brox (70 /b B8 3T B LR 4, 2007, 27 (12):
2167-2173. ]

[10] SHEN Bin, LI Xingguo, ZHONG Jinhong, et al. Real-time
concurrent algorithm for short message control based on multi-
queue and multithread [J]. Computer Engineering, 2008, 34
(8): 62-65 (in Chinese). [JLiK, ZME, #hek, % %
F LI MR I E R LRI R ER AR [T HENLT
7, 2008, 34 (8): 62-65. ]



	1.pdf
	2
	3
	4
	5
	6
	7

