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Progressive Transmission Method Based on Dihedral Reverse

Interpolation Loop Subdivision

SHI Zhuo, KONG Qian, YU Ke, LAN Ru-shi, LUO Xiao-nan
(School of Art and Design, Guilin University of Electronic Technology, Guilin Guangxi 541004, China)

Abstract: With the rapid development of virtual reality, augmented reality, etc., Multi-resolution
progressive transmission can provide a good user experience. In order to implement the fast
transmission and display of triangular mesh in the mobile terminal, this paper presents a progressive
transmission algorithm based on dihedral reverse interpolation Loop subdivision (DRILS). The
algorithm mainly uses dihedral interpolation Loop subdivision (DILS) and interpolation Loop
subdivision (ILS) algorithm processing. A fine mesh with subdivision connectivity is obtained at the
same time as the local feature is accurate. In the process of progressive transmission, three steps are
taken for the iterative operation of the accurate triangular mesh: odd and even vertex partition, offset
prediction, and triangular mesh prediction. Due to the combination of the DILS and ILS which is used
to obtain accurate mesh, the local characteristics of the progressive transmission are accurate, and the
speed of progressive transmission is also accelerated. The experimental comparison shows that the
algorithm is accurate and efficient, and is suitable for display, transmission and storage of mobile

terminal devices.

Keywords: progressive transmission; reverse subdivision; interpolation Loop subdivision; dihedral

RS EHA: 2018-07-27; EFSHHEI: 2018-09-18

EEWAB: 7 7UESREAEE LT 4T H (YB1506);  EZK H R B4R 4T H (61862018); 74 H A B4 47 H (2018 GXNSFAA138084); |~
VU 1o A2 I Pl 1 T 5 53 6 25 TR (G TP 201404)

E—1EE. B 5(1978-), B, TIHEMA, IR, it GLAE S0, FEERTr A R E AR BFIEA. E-mail: shzh@guet.edu.cn

BEMEE: JEIB(1979-), Lo, JUPEEINA, BFRSE By AR, R B2 BAEESE, E-mail: ¢ xiaoxiao-yk@ 163.com



%13

SogL, &5 BT TR (E Loop 43 MU A4 H T vk 93

Wk AL e U B L R . =4 AR AR
SR Iz S R R R AR A W AL R
REAEAAERIE, HOPPEM B UCHR R
T IR 2L T M A, R = 4k AR HE 2 43
SR HEA% R v 2 BRT A A S ) B A% o T )
WA T T . RSN, BHFA R
3T QEM (quadric error metrics) PV AE H T
B AT R IR AT = A A AT A RN AR
Z 2B = RS, Bl = A R Al A T s
MIERAEST, 40530 A4 A0 27 Witk A
ANARE) T AR T[4 T T BT R 4 2
SRR = RS AT TR AL s SCHR (ST e L i
R B AR SRR A Loop 4140 RIS
2 A B R R R TR A TR ME T LR Loop
5r553%, BRI Loop 44 S ARXT T T 41
SRR RN, HET Loop 414 2@ T B4 4y,
TCVESE R TR R TS AR AR, RS 23 7 A= U
W S ). SCRR[71RRBRE(E Loop 4143535 19F
K H BRI BT T M, (AW L
B o R v A RS Y 2 A RS TE A ER A, HAE
RBURE Mg R AR, IR T R A )
Y53 AR LA T A0 4 T AL B, FE A A A3
ZJa, =HAMEsA - HFE AN R 2R B Tt
T VE 58 IR BB AR AIE B R T 40 K5 4 1) A AL B, S
FR[91HE iy —Fh E: T DM (delaunay mesh)f fij{k
BYE, RAVE BRI AR, (H IO 5 U
L HIDIRE.

AR SCHEAR MO A Gk AR e A e, i 36
T A YA Loop 4435305 . - 54 {H Loop 4
YRGS G R MRS FEATAL B, SRR

14128

11128

(a) ALIMTH

)

¥Yi2g = rifg)

"I {E Loop 4R 73S E il 0 = M TR H P Z
(] Ay IR ORI, 4% B — B 4l 0 KL HEA 7))
A 43 . Hy I AT DARE ) R B S Y 2 Bk
2, TR P 3 WA B AT 2 2 O B N TS R Y
5B, P Loop 414 5%t HoAAN 43 1% 8
MMz, OTRSEME AL, K. TERIBOHE
KRR 25, RAAME DU B w3
W= AR TR A, B2 = AR TR 20N
1k FRZ AR — AL AR A — 22 51 (i A% 2 2L By
PEPIAS . AR SCRRAE AT BT 3 32 R o A
{H Loop #7382 e v 23 J2 A il s A R TUAR AR
SIEATMER, B2 R TR, BRI S A
(ELRDNS PO TIUR R RMES . SRR DR P R AR R R
PRFFIER RIS, S5 RRRFIL G S, T Ee e geast
W BRI BRI BUS D, e R ERA KR
REAG, AESCPRRY AR A 2.

1 Rt ) & 4w AD AL

1.1 4&{E Loop 45 FNiFiLH 53

HHTRT4H 53 3 2253 @ I B oy R (R LA 4
TEAL IR = A AR A 35800 b, BT A oy RS
N Loop iy, fEZLAN 7y HL AU Butterfly 2
o3 GRS FEE I AR L= A A% . 4l Loop
AR, TERRAR AN TS R A
JE R ) IO AR 12 300 R R R T S . e
TH%5E Loop A5 2188440 53, FEar S msb 7™
A . AR ZR R, S A (AN o)

Butterfly BOBOH 5 AL v, o Jilid
Loop A14-HYREAR(E 1), S<BLA SR S0 0o
AMEE.

(b) A5
B 1 4 Loop 4l 5Btk

(c) HF A5



04 i CAD&CG GDC 2018 Hhk

2019 4F

PR SCIE Y Butterfly 20 73X 77 5 s AL BTy
K, BUUESE Loop 470 AL RT3 s MU, ff Bkl
MR P A

REBT A B S SON AT AL Odd, JRU T
ATV J5 Al o SO A Even ., it i T47 5 AU R
AEPRAFFII A, L SO AL

ELAHE R Bven fE R HI TR P, 75 210dd 11

55 k+1 Fl k WHEAE Loop 414> 2 J& AV B 101 543 1
RO (PEYFION(PF) . 85 Even TEE G405 k
WHERZ GRS EN(P), TS AELSE Loop
443 i k GRS B RS SR DY (P b ap)
KA 0dd A E OF(P)) H1EA E W%
DMy a5y, B
Ap* =0f(P*)-D(P*) (1)
2 Even S 1E W TR ISP (B2 R 6 B THLR), 16
{H Loop #4371 25 Odd (5 Ay
o' (pr)=0t(Pt)+ AP} = 20" PF)-D*(PF) )

O(Pf)=2(plspf)e(Pivr) )

1

Dk{P.k)=g(W"(Pak}+ wH(p)t))+

s (eew(el) @

WH(PY)=(1-np) PL+ 58S P}

] N ®)
_1ls (31 om)
p _;‘_8 _‘k 8 +40057,JJ
{8 5 Even TS5 i, AR 00 A T00 5 A
Hh
[ V. =l[l +cosz—m +lcos4—mJ Jg=5
nid n 2 n
{ VO=§, V,=V,=0, V2=——18, i=4  (6)
Vo= ¥V, =V,==_L, i=3
| 12 12
Hodr i TS E R, S s a0 4 i 77 5 s
ALFRTT AL
I ATA 5> HridifE Loop 243 T0 s A= U
PR AL B TS s i T, AR e E

Loop 4l 73 I A ORFE AL, BUARFAL nl e 41 73 1L
RE N R DUSUORAE oL TTAF a2 4 0 1 A v

AR, R 2R O A TR RS

A E RS, W] DA U T AE 4
Loop il 433t 72 i B .
1.2 ZERAMEs A

551 Loop 404y SR 0 = f A& H#E1T 1-4
R, B SRECE A R I AR LT
K, it T LIRS Ja FERT = AS A T 40 40P
AbSHCRE 2% 7 ISR R A T S = i AR, AT
Za Pt M B Eh L. BN ARE T
¥, WET GPU MYFFIE A& Mgy syEl e,
1 GPU LizfT, isiTEreazhie ST TSl R Ay
AEUVEE, SR S I T R e fp
PR, AHAE S FAL G Loop 4147,
XHFAE Loop 440 AR BEATEHE, WRIRFAAEI 4 )
L ORRPUZ ISR, AR SCHRE BT I A A AR
WU, T T SO AS A DR R AR A 1 [/ B S A -3
AEHERR I = AP

A = ER B W R FRERE, B
BEMTS, WL, SRR
BLOREA ). TP 20 WAEA B A 53 40 BIaK
J 35 B DX IS = A R TE TG FE PR AT 1-4 43
A, TR GBS R, A SCR S AT
62 Fy 40 T Uk Sl 240 A RO B A0 TR -

$HB 1. 4% 2 ~%54E Fsmooth F11 Fsteep, H:
H4E & Fsmooth 77 = f MAS R i a, £86
Fsteep f7-fif i I T .

F$B 2. IWWHEIE ZAE A ERE N (=
L, n R = A PAE I N5,

FB 3. HHE AR R e, Hop
BN 394 3 A 3L R AT bR LR R )
Fefm iR a, B, y, FIEHE—ICHABIER 6.

HBE 4. A =T R A 3 A
KA a, B, y TEMEOWFRNXR, WRNT
ZIBE, WREAE T 7 FEAEE A Fsmooth Hr, 751
TEANSES Fsteep. TR /4043 HL AR DR BU(E ) R
INRIE

HB 5. EREELIER 4, HB A =M
I FIEr R

HIB 6. XA Fsmooth £ YT 5 A T4
IIALER, XAEG Fsteep SEHEATAN /1AL HL,

1.3 Bt W& £ i R I8

TE= MR, — TR R -5 T
FHIEHGA RN RN SRR 6 BTHAT, ARIE

B R AR R 6 BT TE IR i X



51 SR SR BT AVOE(E Loop 4043 WAL B 95
HFE RIS IEN 5, ZR=AMERAAR R A —E MO E. I m fARES S

JRA s R TR I, AP A AR I
=AM E SO IR R RS iR N ol 2
T TG SIS {E Loop 04 AR, HORH &%
Aoy EEMYE, N R = A AR ) A

BIRF AR PR
ARG 7> BN, R A B = A RS IR

R A% B IR U A%, BRS04y T, Hab
DU 2
Distance| E',E/ |=2", k=1,2,3, (7)

Joft, B ESR = AR ER 2 B Even
Distance (E', E/) R 2 AN B AHZE B A5G
k=1 2 W] AT 3 40 43 B B . R AT R (TR
AR R T A SR [14-1615 %5068 R0 A% 14T 3
VOSLIN

AR GEA 2R 531 D) A S TR R 40 Ay TE ) A,
T AR % —THI f3 Loop 443 T A= BCHEN,  RIHIAE R
— J2 T AR B S AR AT BB AR — R AR IR
AR, fniE 2 B,

"

(a) ¥IHEMIAE

.
H.n“ ;amt}
- al
z}@-._\\ III| = *// !

4 \

= if :L

(b) T A AL £ 73
2 YA A AR I I

FEAR EaR R, 2% R 3 0 A ML A0 e
PR R AR [ G bR 5 G 7, (AT 0L P 35

{H Loop 215> SKEURS M 4 ELA — 22 1 Lk
A — AN A% 208 3 A 4 4 TR 2
J&i, FRIEATAEH Loop 4H4, ZRATIRS A% BE PR Er
TR R R B, R ERCR O A B T
5 2 7 R A 20 Ao 0 A B T A

2 ERM R EE
HRAF IOV R A LS, /A RS 50 A T

BT EAL . HAT S S R AP TR0 T

FR 1. FHEETUES R,

R BRI AL i = A M, =
R 1.3 R, AR 1.1 A5 A T e AT
A TRTE — 0 2 40 50 1 T PR = A%
A DL 3 s, SL0 T BCR R, R
HAT AL

N A e [ C
/ b |
B 3 A ETU G O

%B!ZMM% 5%E %ﬂﬁ'ﬁﬁ 0; (0<J'<n) ,ﬁ\qﬂ

T%)f—i% Ejs Hﬂ?%ﬁ% 0, E%ﬁiﬁkﬂ’]ﬁrﬁ, H%T’L
ARUUR . ARG I, A 7 X LR AT N AT
BRI WU, HRI e AR, AT 1A 77,

WV RKT VROFRI UL 77, VIl o 218
MR B, RUCGERRI Sy, BB BT S A o)
Blwr mide O B KSR B

FLRI 7y SRR

Bool setEven (V){

WRVeE; , &Il true;
WRVeO;, A false;
B VIHIE R AR E s
i A5 VARSI TS V'
W VAR A = E;

1R [A] false;
VIR N O
HE ¥ XT VAR T SV



96 . CAD&CG GDC 2018 HE#k

2019 4F

8 setEven (V");
}
1R[] true;

}

S 2. TUAHI, T

Hy B o T 25 43 B W £ 4 1 7 o 3
BRI, LEMRITAR TS0 (i = 123,-.1)
2, 3 1L AR AR AR A
AR A SRR O, I 2 505

W37 AL E ORI RS — iR EEE ¢, B

¢ =0 -0/ (®)
SR} 3. HH MR,
A A SR T A 58, A IR B T s

HTEFIMER A TORTIR, ZERCHRT RN, 3 R
8 A 8 P S e ST ) R A T B — 2
PERA% M7

ALk 3 AR, IS8 MRS 1 = A A%
M "I A S R = A R M, R A
kS MR (T A L. TSRS 2 AR AT
H— RIS IR 2 & SRR M O 1%
ZREER, AZ PR iR, BT
A% M OFIRZEME IR M ', DA, W
HERA% M RIRZE e P E AR M " B,
S8 T

3 KWERSHH

AR CH328L, RMMAE LSS CPU:
ES53.5GHz; Wff: 16 G, HAFFRE A Loop
YA R TS0 FO R S8 Linux F8E R 4o i, W
AL iy =1 A% A RE P AE Windows I &
T H Visual Studio 2013 }% CGAL JE5E .

T el I A4S {E Loop 4l 4 A IRIYI A
FE MRS Tl 4 FrR, 10T IS A A R 200,
S PR AE A L A0 43 B IR, T AR ST S 43 )
AT AR A IO Kt i A .. AR A
Loop A4 FEAERS 8] FABIROLE, R A
BN AT E RS BT T RTIAL R, N T ER Y
BHTTE.

Kl 4 BIRTP1 T4 Dragon B = Ff (A& 2H 43 AL B
IR ] 4(a) X RIE BT 5 RAEE Loop 4

AR, () KRR HERT S K R ( Loop,

5721 20
I

level 1 level2  leveld  leveld  level 5

. FOrArAara
X2 . DA

level 1 level 2 level 3 leveld  level 5

4 Dragon(1 000 T ") = ff W& K iE gL o )2 K

4532 U s B 4(e)AI(d) 35310 B B 4(a) Al (b)Y
REGER . miE AT AR, 258 S22 A, W
HTE AR A EAATE .

1 1 AT, J{E Loop 2073 3328 i) I
BCRIREGUE K, FEAR A AR AR BCR AR B
K. MEEE ARG Z, T f4E{E Loop 417>
SRR PR B BE R pl b T AR T8I £ 4
{EL Loop 2073 S ARG RS A W2 A kG 20 gt
TCATALEE

% 1 Dragon RAEH S EXIEITREXTEE

AHSP ISLP
SR fEams)— HREL  BE (ms)
1 3968 6.434 4000 4.042
2 13 614 17.409 16 000 6.995
3 35 694 79.428 64 000 37.930
4 67 622 282.618 256 000 363.575
5 99 956 332.902 1024 000 1125.190

TEARHCHT I S ks A A i R v, SR
THT #1148 {EL Loop 2 73 KLU J5 $-2E 4 748 {5 Loop 2 733K
IR W A% -5 ORI 4 fELL oop 4l 73 LI ZRIBUAY I 4%,
A A R ZE AL B Metro (v4.07)X iR Z210E
Fri Izt BT, s S Brs.

(a) Ellipsoid ] 45 P 4%

(b) #fH Loop 415 (c) i ffiffi{E Loop 415>

B S | HIRMREGRRR



%1 8

o, S BT A IE(E Loop 42 LML A T ik 97

22 v B0 >k Ellipsoid ¥4 M %, E1 A& 5 (b)
A LIRS B R, B2 I 5(c) A4 B HRE % A% . B
AR 1) 5 B R 22 A0 L3R 2.
% 2 Ellipsoid Mi&IRZE ST R AT iE 3T EE

[ HE Hausdorff s} [] (ms)
E0->E1 0.007 3 12279
E0->E2 0.007 4 409

1E Hausdorff BEEIRZEN /N OL T, 2 R
FH TR A9 {E Loop 4053 P41 748 (A Loop 4143, X
W B o U R, (R YRR R S I R A AR A

() DRILS 2 ¥k
DR A AR BN

(d) DRILS 1 %

HRAE R 6 2243 PR 2E AR A 1 e s A 26 3 1)
Hausdorff &2 7317, Wi 40 4 533 5 1l A 046
{H Loop 41433155 1 Wik te i S BE .

3 Bear R hvia i [E] Xt i
FEH IR (s) Hausdorff
=R/
IR 2R TR 2K
RBS 11.746 50 3.378 00 0.005 82 0.009 46
DRILS 6.709 00 0.544 00 0.005 14 0.008 91
DM 4.555 00 0.415 00

MF 3 N E]_EF, RBS SR 1Ed it (%4
AR ARG, PRI 2E . T DM SA

(b)RBS 1 &

(f)DM 1 &

B HFWT EsEm it L. mACR @A Loop 4
SYEEAUHAE R S ], 7EA0 53 IS G 2ok
ERMES 8, Todk st MU 4 o ge .
WL AR b, IR DM, AN

/¥ (reverse butterflysubdivision, RBS)-5 [l ff 1 1
{H Loop #l43(dihedral reverse interpolation Loop
subdivision, DRILS)FELEIZT T ) S Wik 1% i w]
vk Bt e, i 6 fras, DM BiEfEL 4L
WA Z )G, =AM IR RTEMATER, HIG
ERIBFABRGLAR, IR IR A% g e T
1, WICIETE AL M R .

(c)RBS 2 Ik

WG R B = £ A% T 4 T0 v e b S 7R S5 A )
M AT R B ENGS M, TOIES P R 2 4 R
N

4 & R IE

AR SCHRE iR ] T A4 (E Loop 404 HL0
5G4 SRS A B AR AL B RS . R T
200 43 Y D DA 308 3o T 02 432 L 0 i A R 3 Y
¥ 3 AR HEAL S S, FEWT (% i AR
FA G4 SRR B i S G i S R A I SR
Fe, R ) T A4 {H Loop 4143 FLI-5 #{E Loop 4
IMRATEIE, MMAEE A gm0

RAEA AN TE] A2 0SS, (EARDEIE 6 (232472, A HEN . X IARAE 2 20 B R BT LA A A



08 i CAD&CG GDC 2018 Hhk

2019 4F

FRL. JRTEBRFIE R R AYRS S, AP TRBOT IR,
[ RN IR ES YR I

(1) AEBRIPORS W A% A b R I A # fE Loop
PRI, HFEBRRRR R, R A HE(E Loop 4120 HAAE
Wt A RS 20K . RS TGN 7 ST AR
R AL EDISPNIECS

(2) PR TR 32 MR A0 0 A 00 i %
HLOHURTAR 3 A BROGHAT i % FOA 2 A
AT LA f, e SR TR R AN S 8 T
05 S AL R RAME R TR, Bk A A%
AR

(3)R HI LATEE. Loop Al /0 ik M, BAL4t
B Loop 47 S0k sk R M B i, R
R AR SRR

W KRR SRR AT RRMN, RAET i
f{E Loop 417 Wit Sk AR . Rt ]
2, B By b PR S B MR AR R
HZHEIUR, HWOMERIRE SR ki, HA—
SERI LY HHME.

2 % X Wk

[1] HOPPE H. Progressive meshes [C]//Proceedings of the
23rd Annual Conference on Computer Graphics and
Interactive Techniques. New York: ACM Press, 1996:

99-108.
[2] GARLAND M, HECKBERT P S. Surface simplification

using quadric error metrics [C]//Proceedings of the 24th

Annual Conference on Computer Graphics and
Interactive Techniques. New York: ACM Press, 1997:
209-216.

[3] HASSAN M F,DODGSON N A. Reverse subdivision [M]//
Advances in Multiresolution for Geometric Modelling.
Berlin: Springer-Verlag, 2005: 271-283.

[4] LUO X N, ZHENG G F. Progressive meshes
transmission over a wired-to-wireless network [J].
Wireless Networks, 2008, 14(1): 47-53.

[5] MAJP, LUO X N, CHEN B, etal. Triangle mesh
compression based on reverse subdivision for mobile

terminals [J]. Journal of Software, 2009, 20(9):

[10]

[11]

—
—
\S}

—_—

[14]

2607-2615.
LOOP C. Smooth subdivision surfaces based on

triangles [D]. Salt Lake City: University of Utah, 1987.
SHIZ, AN Y, XU 8§, et al. Mesh simplification method
based on reverse interpolation Loop subdivision [C]//
Proceedings of the 8th International Conference on
Computer Modeling and Simulation. New York: ACM
Press, 2017: 141-145.

SHI Z, LIN S J, LUO X N, etal. Interpolatory and
mixed Loop schemes [J]. Computer Graphics Forum,
2008, 27(7): 1829-1835.

LIU Y J, XU C X, FAN D, et al. Efficient construction
and simplification of Delaunay meshes [J]. ACM
Transactions on Graphics (TOG), 2015, 34(6): 174.
NIEBNER M, LOOP C, MEYER M, et al
Feature-adaptive GPU rendering of Catmull-Clark
subdivision surfaces [J]. ACM Transactions on Graphics
(TOG), 2012, 31(1): 6.

HUANG Y C, FENG J Q, NIEBNER M, et al.
Feature-adaptive rendering of Loop subdivision surfaces
on modern GPUs [J]. Journal of Computer Science and
Technology, 2014, 29(6): 1014-1025.

SO, XIEZE, FIRIR. TH [0 = A 1) B & B 40
A1 HENL TR, 2006, 32(12): 14-16.

AMRESH A, FARIN G, RAZDAN A. Adaptive
subdivision schemes for triangular meshes [C]/
Hierarchical and Geometrical Methods in Scientific
Visualization. Berlin: Springer-Verlag, 2003: 319-327.
PASCUCCI V, BAJAJ C L, ZHUANG G. Single
resolution compression of arbitrary triangular meshes
with properties [C]//Proceeding of the Conference on
Data Compression. Washington, DC: IEEE Computer
Society Press, 1999: 247.

MONGKOLNAM P, RAZDAN A, FARIN G. Lossy 3D
mesh compression using Loop scheme [C]//Proceedings
of the 6th IASTED International Conference on
Computer Graphics and Imaging. Anaheim: ACTA Press,
2003: 64.

LEE AW F, SWELDENS W, SCHRODER P, etal.
MAPS: Multiresolution adaptive parameterization of
[C]//Proceedings of the 25th Annual
Conference on Computer Graphics and Interactive
Techniques. New York: ACM Press, 1998: 95-104.

surfaces



