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Abstract 3D printing technology has changed the traditional subtractive manufacturing model,
brought about changes in manufacturing processes and production patterns. It has been a strong
impetus to the development of 3D digital technologies and research. From the social and theoretical
background of 3D printing, this paper introduces a classification of 3D printing technology,
principles and processes. Based on this, we have surveyed the geometric computing researches in
3D printing. The researches are classified into six categories according to the characteristics of the
problems: geometry optimization, structural analysis, surface material effect customization,
mechanism design, self-supporting structural design, and interior structural design. Each category
is introduced in detail. Finally a few future directions of geometric computing problems in 3D

printing are presented.
Keywords 3D printing; geometric computing; structure optimization; SLLS; SLA; FDM
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UMY A RRAE B, LAy BE Al 75 op BE £ 5 08 YRR AE
PR AHG SRR T o fige DAy /0T ) B9 AR A . X R
3R 5 0 T PR R Y R T B A R A R A 5 S
PRI 32277 ik 3 R FEL A R

LT

(b) HRIRITH (o) H2)Z WA
B4 JE il 43

BEXF bR 43 ) 1] 8, Chen 2 N5 45 1 T —
NIERFRIR TG — A 3D BB AL Sy R 2
BIE T FE R R FE G 3D AT EN R — A2 e
TR » 5 Je B 33X 6 TR F 2 Bl — 5 3D A B A
R PVERY/ PO SO U TP N S - L (N A
A (D) K Pr 3D KR 3 3o 2 1 o3 ) L AR T8 Oy Tk B
R —A~ i1 b i 2 I 2R RAK 5 (2) K BT 453 3
14 RO 53 A D V- TT R B8 215 AR CF T R 22 1 Y
Sk R DA A i

(a) FFHEF
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Bl 5 ZHB R 5 E R A 5

4.1.2  FEOE Ak n)

AN T AT R R E RS Y
YR Z 2 WA~ 50 A LA /R R &4 0 A
HEAH o (59 A A X B kRS, FE 3D i LR B
3D BERL AT DT B AR B S A TR
i CE ) SR Y 1 R PR R AR UL A B, 3D A AR
JC 5 WA LS S g B AL EE, Qi 2R 4R 3D
BT FT B AT Ay 552 4 B 3k BsF ) 3R R R A
AT AR EAE S T2 ST R RE AR R AR IR
AL 08 FAS BEAR Ly iy 42 i 3] T 7 RS

R BL T AR AT RE A T S AR R RS AR E Y
L b O B AT SO AG e, LA {45 L BE S AR 4
b3 T ) T S A 3 o I A L RR A, B
J7 & Prévost 8 NP g5 W g FO ARy i BV
b JUAR] Jy 32 SR e AR ASE 8 178 0o o7 5 i HL A 4 o S 4
A EP AR A 6 BTR.

"‘-‘d
b oL ¢
(a) Ly (b) KbP eI () T-RexAB RS HR K 548
FTAERE TGS
BEL A
6 ufar g
A6 SO 2 R AR AR S AR S — A
1] b 0 57 B SRR HEAE — A A 2 b (R R A Y 5
FEARE S Xl 37 AR L AR Y 55 M T A 1) T A M o
A B — A S22 0 T o Bl A Y L 5 S A 06 45
HE DB IETE X Z DI B R R 5T
77 ) O B A 0 HL 0 3 2 N 48 5 0 R R 5% Y I 4%
WAL 7 R,

support polygon
standing mode

T3 R PR

suspension mode

FEMGEE Al B AF K 3D fig AR — A~ 52
PRRERY |3 [m] 5 T 2 Ak oAy ik — s Oy oK ek 2R X
A ARSI ) FC (5K B 3 T AR S SO 4
H T R O 1 T 2 (1) s AR P X
S, A 7 A R AR T 5 (2) A R AT RE £ 9 0 A1
TEARFFAE (9 55 15 R B A0 3R 1 A2 B

2t DL B AL B S ALY, 3D FTED RS2
J&i s TO T AN 1) SR BRI A (A5 R L BE AR 7 b O A 3l
SEAEREL, R 6(b) | (o) TR,

4.1.3  FTERSAS P Ak 0]

Bl A 3D FTEREL A 1Y & J& . 3D 4T B B AS 76 A Wi
HOAE R B B G ok, 55 0% 4 I 3 T AR Y P A
Fb o 3D FT B 7™ i 1 AR A5 AH X 45 0 H i I8 &R
AL AR BT 5 BRI 2 HI R 7R (T /em®). 4K, 3D
FTER A B 45 5 MR BLIE Ee. BRI, G {] i 76 A 4 ik
FTED P 1A I 9 A 4 T G e R T A5 AR R U /b 4T E
RHEAE X T BEAR T BN A R 33, 22 G 2L,

KR AT ENRORL 32 S AR AT AR A5 A 1Y
Jii & s Wang 88 N5 4 0 0 — B JE 1 52 2RI 4R
(Skin-Frame) {4 4% [t 25 ¥4 2k it v A4 RHOE AL 5] .
8 7% 3% HL 4 W 42 (Frame) RE AT 45 Hb B A% 7 6D
MOREBUAS I 5T B R 15 2 BT 2 5K 1 ) B 32 L 32
JIRGEME L B OV B R AT B GX S NI B A A 2
— A S A — 2 Y SR 3 I T A TR — A
P25 g 5 U B A 3k ol 4 4 5 28 570 v o AL 1 AT 2
(Truss) A Fr A ] o PR & B R4 2Z 1007 2 s
(18 o T s [ 2 2 11 3K o 55 ) 11 00 o 2 B2 T A
(D) Jy 2z Rty 55 82 240 Ty B A 1952 T
RE 3 20 AH AT 1 20 AT 0L A% K 4 HIOH k5 (2) i %
i, b 45 b I P R I A 20 4 PR R R R R
K ARG b vk /D T G546 A By 1) F 1 B BT 1 6 R

(b) “ZEp-WIZE” ke ity
P8 ARG H 1 5 B - AR A o 4 A

T U ESE MEENEERE M THEN 1
YRR FR AR AR Y 3R 0K R — AR W A 52 B A e
VAP0 ) X S5 A o8 1 382 32K O 1) 0 sy A R R o e
FIBIIT ERAAARE die /I T HLAE A5 4T BN R B 46 3 A2 B
SOR MY PR BE 32 IR P L A P 1 S nT 3T B



1250 it =3

Hl

it 2015 4F

2

SCRRE35 A H bn RECELIE A 50 1A H s
A5 1A 14 (A AR /s + BV 552 B AR R % I R 45 g 1
PR Fdge /). 1h T 5% B I J5 B2 1) 3% o 2= AR PR 3% o 4
P DR I TR 1K 52 Bz 1 J52 32 I8 7 Ay e /N T 4T EIORS JEE
AR A A i DIk R 20 A 1 728 i AL A I 2
LA P AT AR T RN O L A 2 N H
B A (A 191 240 5 g e ) 0 R S0 B e RO R
A% H AR T AR A 2 BT A AR B R

O e 1 2 I AR R A 4 H — s A A 1Y
T RAACHIAS H AR bR B HZE AT B — 4 I e
LAk CRTBEAIL™ A2 ) » i Bk W] LA BE 3t 0 1
HAT (AR L BR 2 R AT BN 3 DL AR i
07 5 o fol A AR B /.

Xt — ﬁb*%ﬁi%‘“ HA Y 3D ATEPR AL, 3O
LR T B REUS T RE ML BT SCHEAN A A AT 9
PI 7 o XS4 A 02 iy — SR AT 2 RE S AE T
B A R B S AR AL AIRA 5 B Wk ot
14 S HE LA R R S el /D T S B RE IR 9% L O HLAR
WA SRR

B9 3D T EDHy S # 2H f AL

4.2 ZHHSH
3D ITEPEOAR SR T 7 dh AR AL E il 1 3 K5
T AR A AR AT LB 3D JU A L. B H

O BT A Tz — it 2 Rm 50
SRR 2 BOLBOH S R Bk 3D ATE R 2 A7 18
— BEZE A [ L, Q0158 J3E ) AL, A P TR A A% i B A
AR RES A 3D BB AEIT BN iz iy s H R 6 A
S B T A RE 1 ] U 2 3 30 3D AR C ¥k
TEH b B R e G (T T fiE

X o 1] U AVT AR L S 45 4 23 7 () 2 i
{55 2R 3D A5 7Y vh A7 7 1) o 5 sl R P R B
I i 4 G B R b 7 2. SCRRE36-39 198 T
3D FT EV45 S 19 5 B 70 A 7] AL, SCRR L34 [0 98 T 46
Fay A 5 M ] 7.
4.2.1 SRBEINIE

Bt X g B2 1] AL, SCHR (36 145 th T — A4~ B gl 46l

I8 IE 45 Hy 5t 1 0] B AY 2R 805 58 R B — AT Y
3D LY L 5 A R Y R AT BE A A (9 SME
[Fi s 72 i L 4 4 58 )& 'ﬁéﬁi‘@ (2 LR St

ey 5%, JEE [72) LT 3o — A A 0 14 45 4 0 A i B R
RV F e *E?EE?*"(LJEHE’J?%Y“IEHE_,XC#JZE‘
H = b 7 9 R SRR BEATAE TE « R L SR v i 5

5im s # L wE 10 iR,

AR =
B 3

(b) JR#B & (o) =4

(a) PRI
B 10 45458 B ) JLAS 48 0E ik Y

SCHRL36 T H Y J 48 A7 R i B 5 T A TR %) &4 A 4
Al I T o B T DX B (R R
R Jry BRAE T« 7 25 #4558 ARG B, 2R 95 T 2 G T 1A A
TR B8 7R 32 14 1 E A 8 100+ I 8 ab % A8 Y I = b
Fi 28— L 412 2 AP0 A 2R R AT 45 # 5 BE T
SR TR B I T 2 AR R ) T ) A 2. AR XHR
22T SR i, o 30K ol T80 5 114 £ 2 I AN BB AR 4 b sz Bl AL
TR f1 LS i 280 A o TR I T 55 4 43 BT 45 SR 1 S
L5 AL A Mt N RE AR A b ORIE T
4.2.2  FAFIfTE

BEE b ) B, SCHRC37 48 T — AR Y
J5 %& . 2T S8 AE TN SRS I ASE Y 2 4y i B n) R, 5
AR W 4 A B A R A A 2N OO 7 1A O TR Y
JE B R TR AR 2 O (Worst-Case) ,
it AR HEASE RS | e B A IR 22 A B e KR T X

e 11 fros.

(b) 7@%’“57\1‘5 (o) 55X

%‘i

(d) BAFIGTHS A K AL (e) 59 X I o3 A
& 11 Worst-Case 18 5z 557

(a) *iiﬁ)\
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T BB T RS 53T (Modal Analysis).
TE S5 A8 43 BT I 58 450380 > — A P Ak DLAS [m) 05 2% 4ig 3y
B X IR 2 25 5 0P MR 1 — S i 55 58 07 77 AR R
FVBRAZTE . 538 3 A gl 2 P Ok 000 235 4y 7 I Bl AR
AN AR R A I IR B TR 1) — & M)y

PESDES -T2 3 I

(1) T35 AR & B RS

(2) X A5 R0 1) A — B B 25, B30 2 B o A iz 1Y
55 DX

(3) R 4 — > 3 55 DX 3 3 i R il —
A T 8, TG R AR I 1) S5 A ) i 28 49 A 5

(D A RIT I A R e T
RREARY 8 10 7 DT A 380 2 36 55 DX 38810 e DR 0 g 43 A1
1E L.

L35 DA R — B RS T B AL 18 S5 A A A 28 40 AT
55 I RN I3 53 A1 1 O W 5 S 4 45
4.3 HRIREMRREH

Bl AT AL 3D FTERR RIS T 3% 2 AT 2 g
FTED HY B A2 2% AW 36 T G 27 R R S ) e M i
TR X — TR AEAE T 3D T B o — 2 T SH i AR AR 4
i R P 0] RBE < ] 8 5 EE — > O A X G 1 A 2L A
il LB 2 — A~ 25 28 10 2 11 A L3R 5l AR T 1) fig 2L
SR 33X — ] AT Bk A A Rk 2 T A8OR A il [ # ( Specifi-

[40]

E A ROE

cation to Fabrication Translation,Spec2Fab)
HoA 3 Ak AR 2223 X I [0 R T — SEER AF
I HTAE R FZE R4y 3 28 (1) ISR I HUN RCR
%€ ) (Subsurface Scattering), #l Hasan % AMY
Dong % A\ fl Papas % AN S8R5 13220 WL 1] 2 T
I B335 0 A1 R
Reflectance Distribution Function, BSSRDF) 3 52 B
FTERABBHR 3 10 BT 248 5 (2) 25 8] 28 4k B 3 380 2R
(Spatlally varying reflectance) , il 3 ik [ 44-49 ] 4
38 7 W Ja) [ 5T 47 A 2R %X (Bidirectional Reflectance
Distribution Function, BRDF) 3 52 85 (3) 45 £ M
HoAd R 52 ) U Bickel 28 AV WFSE T 45 2 T EDAE
B TE %R B S B 7 B EF KT 2 6 BEHST B A] 8
Vidimee % AFY 45 H T — > OpenFab A 4 #2 3
TKE K fi e Z2 AR T B 5 A0 TR) L, B I&] 12 .

% (Bidirectional Surface Scattering

Pl 12 OpenFab §TE) 3 H A [ AR R 4 92 5

Chen 28 AN WX 1 BF 7 45 5 03 98 8 45, 2
th— A~ AT fa A B R AR A il R AL Spec2Fab. i
Xof G v HAR R 1) A A — SE AT I A 2.

4.3.1  RFEHE SRR 2 ] (Subsurface Scattering)

T AEE 3D FTENSE R ELAT 45 1 1Y U3 T HIUH 2L
B, Hasan 55 NS T — A BRI 4 1
I AR R A AT B SRR an ] 13 B H U A
Al AR

(a) KEA

(b) Bunny
P13 YR T O AR

(1) P — 41 24 78 B6 2 B4R 0 vk 35 Tm B ST 4%
P SR FH UL 1) 2% 181 HCS R 43T 0 A bR %K (Bidirectional

Surface Scattering Reflectance Distribution Function,

BSSRDF) et i T AT U HE R 42 A 14 (a)

(b) FIr 7R

-_..
R
white support  black

Ca) FHRHEURRE DI

(b) BSSRDF#31 i 25

LA

D__E_

(c) NFEMELAE G (d 43: ,.t E’JBSSRDF
BSSRDFZR R h

- mE

(D) MRMERE R (o) BT EN A th 5
% JrJrTH ZRPRAL A T
)

goii

P14 T O AR E R




1252 it =2

Hl

Ee i 2015 4

(2) FTH AN WAL TUAL . AR 4 1 34 JE A A4 L 1
FRORHRR PR 2 PSS R R AN (]S B 4 0
4 YR 2% THT HBC ek i 2, An ] 14 (o) L (D . FRATD
B EORR M IE [A] 5] 8 (Forward problem) ;

(3) 5 HARM b WA (9 UL i+ 5. 458 —
AN RE I S0 B Sl £ AT A AR 2 v S Wi 1k
FEVE R 1A R MR R LR R e 1A A R
AT BB T 23R B H AR O Al 14 (o) IR, X
AR FRH A B2 1) [A] i (Inverse problem). Hidr, fiifk
ERFSURURY/E EOR 1 N e S S E e 2 =
R AE R LA R A RE AL G 25 ]

(D ¥ FR AL RN S 3] 3D #17 R
5 a0 3 R R 2 R RS R SR T AN [ R BE Y A 2 M
B ORSEBE HARBOR L A& 14D PR 5

(5) FIHT 3D FTEN ML At 4 1) e ¢ LSRR
mE 14 () i,

b5 b 3R [ R 14 Y% 3 1T O 1] 88, Dong 85 A
W [m i 25t T — A 7 B % BAEG E M
R 2 TE B R R R AT LA RO T 5 BT AT
EN AR 0 B 2 ARE S0 A B R RE . b il 45 38 1 1
HUR 2 18 U 2R )2 B BSSRDF bR ECEH R

[FIE s SF E2% SR — e bR 53 A7 2 R 55 (Layout
Constraints) : 7T B[ 55 255 F — 2 09 4T BN AL L Fif
2 IR B RN 20— [ 8 I3 G 5 O S B R A
A3 AT R A0 K B[R] oy 1 2 3T BN ] 5 AR B
RIMRHZE B AR 2.

Dong % A\M*04G 1 i ] 350 FR S b4 e} e S5 ) 2t
(Material Mapping) , Bl 25 & — 41 J& A< b B} )2 59 #f
LY A T P R b R AL A BSSRDF £F &
T 45 W 2R BEoR , oD AR WA 15 Fizs. 8% Dong
N1 5 Hasan % AW #J2k Fl BSSRDF bR 0k
1 7 B4R O T B A 1 B P 7 3 B 2
A —SRm Z Ak 5, X 5] 2 RN O s Hasan 4§
NER e R A8 2R 5 1k B B — SR A 5 1 4y
JEA R 25 H i Dong % AR HI 5L+ 43 5% 19 O &
KAt B B A Ry s HU L 6 S 35 51 )2 )R AE L, Hasan
S NHR g — AR 3 T A S K BT 45 1) BSSRDEF

Layer 2

Layer 3

(a) PO NS (D) REUHEHBIME (o) FSEHE K4TED
FERR TR IR R BB R R I CR

15 RPN B

G382 Jry ISR 2 P40 O R 1 o A L 43 2 A R
i Dong % A IS Ja) 35 i ith 420k w0 6 Ak 43 12
A Jy s HoJg gt 1 — AR AR SA 1 T DA S A S A
JR 25 5 R AT AT 45 BSSRDF 4.

Papas % \MWF5E 130 a2 S 6] 1) SRS SEA TR
AR £ ok 55 B 45 58 AORHR 38 0 RO i AN
R,
4.3.2  #E AR AL I g AR € il (Spatially varying
reflectance)

NSRS |17 RN TN S B S N 1 P <
A R HTROCR a6 Y L SRR | 4 R TR Y
G [FE 28N BT A — Tl 3 180 B 80 I 2 Bl
A 25 8] 7 1] AR AR T AR k. FE TR AL E R 24, 5 H
BRDF bR £k 3R 3 Ffr 2 (0] 22 4k S 2008 H 4R AE
3D FTEN Hp L 25 2% B AN AT 4T BN Sy HL AT 45 5 =5 [A] 22 4k
SRR

ST R ) 2 T AR RO . Weyrich
N T — A3 T CF 1T (Microfacet) S Y
RO TT R %I R — A48 € WPk % 11 BRDF
A3 A s TR AT B R SR TR} 43 A — > ] BE 4l
S P U A A SR B RCIR O SR AR L TR DA BCF T R
BATTR A Y R R AR G s TSR KO kAR
AT T T 0 AR 3 82 1 B L I B TR S B S 19
FET w2 E 43 AT - 52 BB B3k B 1 2 i S AR

Microfacet #lg 3 Al % /&, 1 & 1R 2
- 17 (microfacet) 21 il » 3% 6 f3f S T AB AR /)N, JC 1k 5
M B 5 IR BB microfacet #0627 - 1.
A~ microfacet $8—4~ A5 1] (9 516 52 5 3] o i) —
A7 1] X B T microfacet B W) m. 415
BRDF [ s, S5 Ty 1] ¢ AR R ) v &R A5 25 2.
XA R T F A TA microfacet v, H A W4
2 G E] v WARER 4 xF BRDF A 51 k. 76 &l 16
o FRATT AT DL B 5K S AL microfacet [ 3R TH I )
m IESFAE L R o By a) o a2 2 A R i k.

16 Microfacet 5365 7 1] L, ML IT 10 o, - iR i h
1E FRR BT » Weyrich 48 N #Y J5 58 2 ABE —
A0y A 3 1T 1) e 2% 5 0CRE v A IS A L ) R AR
BRDF A 5 ¥y 14 32 180 1) 155 B2 37 43 A e e . o,
YA by B — A 8 HLAS 2% 37 WY AR 00 5 %o 35 1HT 5
JE 55313 s R G5O T80 R 7E 6574 L 3 A TT LA Z,
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W T T T ) E AR S P4 5 B S I 0 ] B AT 1 )
(R 300 S i 42 0 R AT BB 34 252 el /D 300 A B AT v

1E Bk BE N Wik 3% 1 S A 9 BRDF o] & 1R
&l — S HEAR [ 37 i BRDF JoCiR & & i, Hoh
B — O BRDF B2 157 135 1) AS (7] 1 22 k.
AR R BRDE 2R AT & 7E & B 3 A BRDF
(0 2F £ o3 ek 55 B — S BOT TS A BROE S B B
R T .

(1) e T 45 1 e 5 TR AR B0 BT 18T 40 A 16 %8 %2
Colbert™™ Jy ik 1 g 7~ » 8 22 B A 88 19 38 T A 1 ok
2 KRS 1 R R AR AR M RL ) R A BRDF
PE. 9K A AT DL HE I A 45 A bR 43 8 LUK A
BHEE KA AR (19 B A8 BRDE ¢ k. U, i fr ik
HA BRDF iR & & ] BAE 2 & B 5, F .,
A LAAB LA BRDF W00 45 FRA% %t i 465 1 52 T8 Rk

~
4 é @‘ /\75 \@

o
S /_\7 A
é? 5N
S ¥ o
- I=)
E %
K/ N 3
N N % \_/ §
P
A ~ e

(a) M EsEeIk (b) RGBS BT 4340 (Fe A

JyFEABRDE, 1 HI 58
K17 O T AR Ay

(2) BT T 43 A 2 5 B2 40 A 3G B, —
TR TG 43 A T LUK R A TC R R & BE S o A A T
SR A, SCH R O R R T — e 5 G R
56 X T T8 A SRR e A 4 S A ] B o )
TS WA . X L, Il 22 >R A (Low-discrepancy
sampling) J5 ¥ L6 B AL R A J7 12: B AT S0 4F A OR 1L 8
5 AR AR A TE] 18 FrR.

/Q

TR EF B 152 I BTG B ROE 40 A6 . an i 17
IS
2

iV
@/\ 6N
20
a Y
\/b &

(a) HARUV 23

(b) BHHLRFEA00 1

(o) A& ZERAE IR R 2R

Bl 18 SRABEDT IR L

LU A Ao 2 R BT R AR 4 S Bt
ST ) R JEE L3 AR B 7 & AT Sk HLAUARE A IR B R A
i HL 93 A1 RE TR B — > AR X i 2516 1 0 - DL SC P X
A e i e AR ABL IR DA T R T = R R A
o 5 /N R 52 B

fxe e s MU R AL 25 2R 1 3 i B 7 1 A% 3l 43
— AT 5 HE o) AT R AT RE T S L A B d 280 R
oA X — e Al DL R O — A B ORI AL T AR
KR BRI LR AR — A IE T CU S
P 18 23 A7 A& 19 FrR.

(a) Yo

() B EARALCHEDILA T
19 BRI R (L 18) ST o e )

(b) FLEMAEA IR

(o) mEPRALCBEA AR EESD

(e) B EEMRALGit i LA IS
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4.3.3  IBHORE K

Xt F R A BT A g A 2 ) 22 B H
RN 7 0P 0 R A A e S e D
R TCEA T BORE R R A B BT AT
TS o B ORI E S A A I G kR
A Ty S ).

fiff P b 3 (6] R ) — A IR SR A 2 R
B F S ORI AR A A T D RT AT bR L 52
BB BHTEN AN 5 R R 8 3R AT A8 42 1 3 8 in
S22 AR, B R K 2 2 T A RHE AL O B 241
B D REAL R G ] B e EL A5 BRI R O E 1 R 0 A
B ol [R] B HLR R  Z2 0 a I AR 1 b R AR 4
B BRI 1 B 25 N EWLERBE T BB S A T AL R S Atk
A AR Z R] s JHE A S8 1 R 5T A R 20 b R A A T
— L AT RE AR 2 A5 B — A 2 B B B S5 S B
AR, R EH G MR RO T4 5
AR O

Bickel 8 A" 58 T ik sk — R4 55 F
{E BB EHE A TR] 8 A0 o] 78 GO S 9 RUBE (B 3D 47
EPAY RUBE) | AL Lk 4 ) A ) 2 MR L 4T BN 4
T S FPERE R SE B A R AL AR AN 20 fT . Ja)
R 5 T2 « 265 0 1 — AL AR AL B 3L T A R BRI 4R
WADRE SEA R RHR G MBS 2148 & 1 # e £
TCIR A MR R AR WE 21 fiR.

20 ZIohRHAL AT ED S

Input Goal-driven Design Fabrication

o0 - |/

Base materials ,;  Material Library
) )
=y
5 Bl £l
& Search'e. Volumetric §> Output
) Simulation  Model

R o <
Target\' %
object >

Target material
Validation
21 AR AR R g R o R

N T Uk bk ] B, Bickel % AT R )2 Oy
HORIE A AR I 51—k i 72 ok 1% 21 i

He IR 46 € MORHERE TR A 45 3. B, Sy ikl
i —f Object Connex 500 Z #f BHTENHLITEN T —
A A Y R AT 5 IE

LA LA L € ) 4k 38 7 % Chen 58 AN R B
AR AR BT R AT AE — BB AL AL AR 5 A ] A Ak B A
TG WVE AT TR T 7 25 72 JLAT 5 B REESR TR R 5
UL 25 % R ) B AR O RE 0. G SR AR H — A
LA T 11 R ) AE 2RO A B b R [ A S R
AREHRAL AT A T BN B R R S R LA G
RAERRE AL 40 T — 25 I ROR L AN 22 Foi.
HEZRELAT 4 DREH A 23 R,

4 B
G De formation +texture
=
.S
=1
.9
&
3]
(9]
=% ‘
12
=
o
O
N\ =4
4 = . =)
Caustic+Texture
=
.2
=
.2
&
R3]
[
o,
1
i i
|©)
N\ J

Pl 22 R[] 5 2SR A ROR

Material

/7 Y
[Reducer Node] [ Simulator ])

[ Optimizer J [ Metric ]
A 4 pa
N ——

Error

Pl 23 Spec2Fab S45 A E il i FEAE L

T Z 048 3D AT ENHLAE ST BN XS 5 I 75 # 4
FEXT RN IR B — DR R IAGE T 2 — E 1Y T Be
A BRI B 7 TR 3R A0 AR AR LA 2% AR MK A
PR 3 — A S0 SR ) — & Y TR AR 2R i B
K 23 155 1 P “Reducer Node” iE5%5. /T 52
X — H A . Chen 48 AR FH ] b # (Reducer tree)
T X — O AEME & B A S Maya H i f it
™ 4% (Shader Network) , RN g 3% B — $6 il 22 X

State
Output




6 39 SRR . 3D 37 B Hp g JUAR) 31 55 BF 5 ot g 1255

AT AR 55 4B 8 20 0 G2 T A 23 (8] 4T & BRI {E
SRR AR 25 18] 1) 2 50fk. IRIE L SO 45— AR
PR AR R S5 A B A PR S R B 4 e LAY
SRR R I 24 Frs.

Facet caustics Subsurface scattering /texture

=TT
= JIN =[O
m/\§

-~
-«
d| -

\ =
==a(fld 5 8

O Geometry node D Material node

(a) FEEGICROE R CH AR (b) IR TN R e il e
NAERY A, FRRPP I AL S (IR IR )R T R MR
SERPENT D RS MET R

Bl 24 WA TR AR 92 a1

JUAAT 45 s AP T AR AR VB AR S T2
FUAE BT 2 A R 58 N G BT AE A5 TA) R 43 X
oA L a5 3 R 45 0 X5 6 5 2 TRl 48 E W LAY
FARE s PR E — R Ry JUAR TS 719 R AR A
ELRSZEE 0] 43 o0 275 15 (Layered Node) 5245745 4
(Void Node) W 3. J2 15 g 1] JH 2K 48 & X &4y K =5
(i) H A — 22 R R 5 25 5 00 T T 4 2 X 4 2 ]
B P XA M RHE 7.

Kl 23 /Y 4 MBS BR | ROR — AR itk
DL AR < X A TR AR AR 2 s i S AL FDLSOCR, , R R T
BB RCR BB P 45 5 3 B 25 R 5 R 58 HARAH B
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W 25 Frzs. Tk 838 Y s8R B R i &
55 VR 0 2 SR I Ak G A DG BB 1Y T A6 T A S 8 S B
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h T VEAL RGBT EDROCR E W RE ) e iR e
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%ﬁ” W H e H 6 MRS — A A AR AL — A S AR T

SER W 27 BT 7R 6 R B Y A% AR AH 5 4 E —
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W E TR A% G0 1 & IERTR 1 B SR . B
IR L BRI R AR B — . AR A A B AR A S
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BALE L BRI 6 A EB A H T 275 I8 A 2 1Rl Y
FA O 2 AR E 38 14 18] 68 A Bl g . Xin 28 A0Vl
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3D LRI B ST AE UM L ) BRI 25 44

h T TR AT -EE 6 NS
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FEBLEERE I AR NS5 5 1Y 3D R N A il — A4~
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CRUNPE ST

(2) X b P, Cali %8 AU 25 0 T — 2638 56
TR AN E AL B, 3X SRR TE B R OC T SR IR A
22 RS RA RN VEE SRR ZE B AR
k. TE R R b 7 3% ER A A A8 G T REAR L X
AR i H 5 ] 1 DU HE L 45 30 A 2K 6 A AR Y 5 Bécher
EYNARS'S T OP S e S SR B B g W S ]
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SCHRL60 T SCHR 61 T3 W e SC 3 3 S 4 X A 5%
T A TR G2, AR SEE AN T W 25 5 (HLAR S
BT A ST LA Y S 24 & %2 %€ (Non-Assembly) ,
RGP HARBL T 3D T BN — {4 B AU (14 45 R0 35
I, HA AR G 1 1 H I 5.
40404 AL

e GEAUAR BT X HLBRBILAA A U — A s 2L
P20 58 RS R 3. 1 S B ML 1) i — A 2L A

S LR TR BT 1 2 A B T B2 . 3D FT B
BUTF X — b B AT LA K5 2 45 A B e 4L L.

G 20 B LG S 46 72 F AR BT B BORE 41 LG 11
BTN HBAT RIG — IR PE B . e ke ek
Y12 T M AILA . 3 HILA AS AN 2 AL A 15 1Ak
B RHT A R T S L X R R A B A AE AR K
T MU BT Bl B o X T W
R IiE 7 3 R E 2 [ () B5f A B 4R T — 2 LA A
UG RE 1 5 A AR LA B — R Ak B 5 8 1 QB Al
72 WL 25 45 1 B ek H A AN A R0

PR R T R e AR RS 3 T T AR 5 e
SCanscrRL62 1A SCHR63 ], SCHR 62 Bk T e £k
WOLRL T2 T e 4l R WA B A G 0] . T
SO PEE IR T 4l HLAY T BT I SN i
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(d) a=90°, it F AR E 7

() a=120°, S R B IR
B A4 FTED S P25 e gt

) (b)‘d:0.15 mm
B 45 AE/NE B d T T T B S gt

4.5 BXEHMARIT

Bt 5 ] 9k T A K 1 AN B 4R e S SRR R ) 3
T BB AT E . 1 25 Iy T3
U B BT B R S R A . R Z A T
T S SRR ) Ty AR S B X — H .

B 3D FTENECA (12 # il . 3D 3T BN 4 i
(152 TR BTN 5  JR /s S8R B A [ I e A A o
PEHACRBAR & L B et 2 2 i B & w9 F
THE T 2. A 3D T ED R B T 56 F 5 K
LM BT DRI BOR B 2 L [ SCEE A B R
Ho AR,

4.5.1 B ARG T st
DR AR T S S e ™ R O 4 £ 45 44 (Masonry

Structures) , X FHE AT 254 SR 208 th ik B A
SR HE R T B . HL A S5 AL R B L AR AR 36 1 R L
BB T HZ A ZH 1 85 KR & TR B 7 2
AR S A AT R A X FRES A T AR 2 O B S
S AL . TE PR Dy 3k e L XM B SCPE S G HE S5 T
VSR TE i M A S A AR S AR A R K i
A U HOR A R R A s AR, An 81 46 iR,

46 HhfrE S gt

el 7 50 tE R S LS i B R0 S 4R 0 AN E
Mgt A — PR R A EEME AR —
MERE AT 55 A J5 16 R 2 2 2k THE J) W 28 43 17 O
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SRS A8 T b AR D ] A T ALK Ab B E AR TR
i, 41 Panozzo 25 A9 De Goes 25 A\ Liu 2 A7
% Vouga % N\,
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Panozzo % NV 76 TNA J5 3k i 3k b 40 87 1 G fa
At 5 Sy FV A il T S5 e a] i 3l EE 5 ) o
JE T oy B B S B0 s Lin 28 AW £ TNA [y 3L ik
5] A Regular = ff 1k ( Triangulation) J5 ¥, 45
TP Z AR, 5 F A Regular = 14k 5
RSB U T S0 B S T X Ry R T 4R
Pt —Fp 5 5 1 S 801k Kok ag Bl g i B S
il i, A& 48 FFR s Vouga 8 AUV AR TNA 45 H
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T—A AR B LA o R A A i T
7 28 A 8 AE B T AR e LA 5 S A% 1 R A T
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B 50 At fLI B S i A A o
4.5.2 RF 45t5i& 1t
B XL, 18 —2% RF(Reciprocal Frame
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JCH AR 75— RF Hio0 5 HAR 46 L0
B B AR S TE SN L 52 B P BRI BOR A
1 S HE TR E UE » W& 51 .
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= . SR
~ }' s ie o if:
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K 51 RF 45t
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el RE G EEA T, FIRE RS h — N 22 1)
D 5 235 ). 3P 45 44 253 () R TG 7 SCHE L AT AT R —
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FAHE AT LT T3t 58 i a2k RF 2544 RO R
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KRB Bt MEEE ROR B & T T3 AR ME R A
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FEXE KON BE 5 24 B RF 4544 %31 8] 8 , Song %
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2 A iR A B AR AT DUAE 7 it A 7 i R R 2 R
w6 2 25 A AR A A B — DR PR 5 8 7
5% B 5 AR

AL H AR 1 T 2 S AR 3 R RFID (Radio
Frequency Identification) fl & T 18 (—4E B — 4) ,
XECHARER )z T A He A w S AR R b B L
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TRAE 3D AT B i 4045 2 ik A 21 40 1 v i B R 3 0
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B X A B O ARFE L4

I 22 F 1 IR R Ge B A R B 53 FoR » &
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(a) (b)
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InfraStructs I R FF A2 B T #% A 5 3£ BL 3D
FTER Py 1A 9 AT TR 28 I B R i — >k, 3D T Ep
PR AN AT 0 A R B A LRI L B
FERP AT A L. AR TR AR a2 X B
T T BORR 25 1 PN TR AR B R S R K 2% 4L
A X P E AR M AR K, AT E 2 X InfraStructs
BB HET™ 1 FH B A 52 0.

4.6.2 ZEBAILHY
K i A e — S TR H O L2 R



6 39 SRR . 3D 37 B Hp g JUAR) 31 55 BF 5 ot g 1263

TETK &t B3 45 52 W B RE 1A JfE 220 T B = 4E 57 44 [
LT REZ] 2D/3D AR N4 T IED VMR A A1
AR AR T IE 56 F7R. Forb . PBERR 23 X 2k H
A BRI S AT SR RT L A5 B BRSO B AL
0 1R 3 3 T RE - 30k 28 PR 3R A 1A e 1] A 2 B o S A
I8 H OERAF HBROR B AT E i AE RS AR
T A AL dh B2 A R K R

P 56 Kk A RE CIE R R IR T RE T R
RETS 3D 9T B R AR A0 b 3 K & P E £ 358 R
Wg? Holroyd 58 N 32 18] 57 FE /R A S B3 & » %
X — [ AR T —Se W5 BSR4 R NIA 58 F.

(a) Carol Cohen (b) Dustin Yellin
& 57 ZARMEHAE N Carol Cohen #1 Dustin Yellint™

() FLHMR (b) ZRHUTEIS R
B 58 HLSIAR 5 L AR T E 4 B

FERE 57 rh 22 TR — )2 )2 i e B S
FE— . X RAE L 2 2 45 H6 B R R PR 4T B
Az AR AR I A TR O ) T LR AR R - 4
—A> 3D BERL, Q] 5 X B Y 43 2 A A DL AR
Wiz oy R R FT B A5 2 5 BT 25 155 70 A [W) s AH AL Sh
WL A5 R 7

X BT AR UL IR B AR B — 2N
PN IVA - % (B SN BN O S R oy e g
R ERE R — 2 B — S SOE W R 2R

SRS AR IR 2 AT A SE o A 2 1 D 7k Y R A
R Sigh R 5 T 2R A R IR 2 AR ks T 3O
3 390 %k X PR DA T A 4

5 BESRE

H R, 23K AR 248 B — e B 1k B RE ALl i
TR Y A 000 4 LK A R AL A0 i A =R
L N TR (S R R/ i A O el (U R (R R AW 53
AR——3D JTER, BT H I8 38 T 507t A 5 St A
Z 8] HYBK 25 o o RE 001 207 B RE AL R 5 KSR T
A il BB R A — .

R 1 Al 250 B N el 5 1 B =l Rl S ES K S [ i
3 E BN L 3D AT BN R ) LALE A Y B U
LR 7 it ] 3 20 A SR b fig ik ke L S
LT AR B 0 8 Iy A3, R B AP AR )
it (Mind to Product) By “ B 48 Bl AIr 457 4= B 24 & B
. T R TEE A1 & AT AR K Y BT A Bl
3D T B AR B & J o R K 9 He 45l 0 S 3 b
WA IS 3D FTED R HF A A AR 50T &
J&& YR AL 3D FTE o iy JLAR 353 [

A SCH A 3D AT B A iy JU A T 53 ] A0 A A
Hoo3 R LRI Ak 25 4 23 A 14 ek 35 T RCR 7€ i L BL
BTt B SCHESE A BT N BB A5 A BT SR S K
I —2RAE T 43224, HET. 3D 4T B3 JLAT 1
BHFFAIIAL T A & B B A7 TE K B R Al D 1 0] 7L
2 R O 3 T THT A W 5 s AT R BE R R ST 1), R
TT 3 29 1) WA A 4
5.1 BRERERIDEERLE

W T, 3D LAY 3D ATENAY X R 5 N 4.
B 3D FTEN AR Bk IR 1A 2. 3D FTE At AL 1
TeIR Z K A Z AR, Bt % 3D 4T B R U . 4 fif 8
b 38 P P R AL B b R AR T i B 3D R
B R — A O R AT 5

Hl, 3D B8 Y A= Ji J7 % 32 22 0] 29 o A
(1) 3 1 b @3 B4 F i SolidWorks® | Maya, 3ds
Max #1 SketchUp 4§; (2) il i = 4E H ¥ 2%, i
DA A5 A T RS S 05 Ak B AR L
S5 1 b ] R A A S K
FE MO FRE IR S5 S A A TSR 2 Fhy
T2 ) B — S L A S A B B A A e i

@ SolidWorks[ EB/OL]. http://www. solidworks. com. cn/.
2013.12.16



1264 it = Ml 2 Eird 2015 4
JIt e 7K AZ 1. b R R Y o B AT 1 3R bR, S5 AL G 1E B R A L

PRI S SR i oy 3mSR — A S A
B RS T, 0 KK HES 3D FTEP A% K 5 %
FH. X7 1 B A — 6 35 T 5 ] i 28 ) 9 R ik 1
AH AT BRI AN A0 3 A K 27 T D 8 80 R i 4
FR2E A N D d 3 s —Fh 44 8 “3-Sweep”
A F AR AT LS B Bk 2D BE A 4% A B 3D
B, ik 3D #4815 4% 7E Photoshop® Hr & 37 i
X, Zh 5 [ 4% — BF 17 5. 95 [ R v 2 ) @b IE 7 ik
3D AR 4 AR A A5 ke R 5 L A O 4Bk Ak R = 4k
BTt TR B0 AR i 40 2 IE AR A S R
2 ANV GE A B0 R R B R TR
— YA BB BT B IR, R 31X 3 3D T B
B AR
5.2 #HmIMEK

5T 3D FTEIA M B & & o & 1T R &
BRI XA A BE AR UE A R P B R PR UE
FTEN AR . (H A 1F J2& X A 19 D I8 3 30 % A B —
e /NHE A L R B A 5 LR BT 3D T EAE
MWt EEAT.

T A T R RE . R 4R 9 3D 4T ER Y
W & T WA MBI IR, — N R EEN
I7 W M R 48 Es 7 BN JEAT B A SE R R,
I A2 AT ED — A~ HUHL A 2 5 B Ak S 1 35 m e
FTED (9 9 4% (0 BB 135, A7 22 3D T ED AR 1F 2 1 sl 7
JZ2 PSR T — BRI 1 X CHR 25 4 L G e g A5 4

RS AT 19 3D T B AR X A~ Th RE AR+ 4
AR ANHE A 55 8 25 ) 1 ) T )2 RS B DL R H) e
JiT 3 T 0 AR 6 A 1 % R, X S AR TR R P Lk
TTHEE. AR B E NG, EASTE R A
FE 6 2 1 SR (L i A B2 AN 65 10 o %) B L] oK
CHean sl St AR s ZE At 24l F T 4T EN AL R

ey 38 1o JLAT AR Oy 2 R Ak 3D B A B 3
gyl HBERE AN B b 2 T 2 R A 25 A T e L
B —DRGE 0 P RE. XA BE AT DL A 4T EDFE AT
i AR AT BN B[] [ B O D TR A LR 3R
Bl —2 =150 B RCR.

R, R TEAWHIMUMAT A 2R XE. W
Wang & N7 K Allaire 2 A7 {H A fa] 4 5% 2
WS iz F 2 3D T AR BE45 & 3D 4T Ep S
b oK ok % 1 JL v R A7 AR AR 22 ) 1 i i it o
5.3 REFTED

Wil 5 FE 23 2B ™ 7 Bk R A o BOR B Ay B
A5 5 E AT T 27 5 28 AT 4 B[] 3% — B i) 4, 2

3D T B A e i 36 ik ) Ay 9 2.

{HRPAE XAE L 3D 4T Bl — A>3 K/ N P A7 5
B AR, H— B sh Bt 2 L/ UL+
L 40 5E G FDM T 20 % AT % 3 6 B2 4T B —
40em X 30em X 80 em R/PMK AL BRI 2555 12 h, 4l
R T g B L B ) R 2 KL X TR IR X T A
I S Al B[] B A A 28 g G SR X A ol R
2 KR AN 55 40l 1 7 it 5 5 7.

PR 8 6 3D T B B¢ IR TR] o 552 307 o X 4 i) P
TEFT BN Y [n) A0, % 75 A R 24 8K, TR AE KR EE b 4
FTEIVIRF [] o 20 25028 AR 4 3 2525 18 U8 AT BN T 28
i ARACTT BRI 72 A BE A5 B B RO H 23X Fif
T AT BB T S A s ARt R

73— PP AT BE B9 1E & AT DANEL R 1 &, i 0 L
faf 153 0y v O S B PR GE AT ED. T X T 3D 4T EIOK
U, FT BN [] 55 3T B B2 0T L, RO AT EDORS B2 8
JI s AT B TR AL PRI, G SR AR 4 S AT I ]
— PRI AT 7 R A b SN A A A
G EE T R A R R R X A B T 4 AT B IS
(6] » AN B T 52 i 455 Y A WLAI 58 2800 & 3% T T 1 A7
TEAR Z [0 A AR AR BESE.

=

Z x W

[1] Wu Huai-Yu. 3D Printing: 3D Creation Via Intelligent Digi-
tization. Beijing: Publishing House of Electronics Industry.,
2014 (in Chinese)

(RWF. 3DITH: =R R R bl Jbar. ¥ Tl
Ak, 2014)

[2] Jeremy R. Zhang Ti-Wei, Sun Yu-Ning Translator. The
Third Industrial Revolution. Beijing: China Citic Press, 2012
(in Chinese)

(GO RREFH. WEM, HBETE HZR T FEa.
A fE AL, 2012)

Chris A. Qiao Jiang-Tao Translator. The Long Tail. Beijing:
China Citic Press, 2006 (in Chinese)

(CGOLZERE. FILFHERE KEM®. duat. 50 st
2006)

Hod Lipson, Melba Kurman. CCID Research Group Trans-

(3]

[4]
lator. Fabricated: The New World of 3D Printing. Beijing:
China Citic Press, 2013(in Chinese)

CCGOWh - FIE AR MRS - 2. JEMBTS B & KA.
SDATEL: WREREBIES. deat: P& d ik, 2013)

@ Adobe Photoshop CS6 [ EB/OL]. http://www. adobe.
com/cn/products/photoshop. html. 2013.12. 16

@ Autodesk Company [ EB/OL]. http://www. autodesk.
com. cn/. 2013.12.16



XFRISE 3D 4T BN o B JLAT T3 0F 72 i g

1265

(6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Chinese Society of Mechanical Engineers. 3D Printing, Printing
Future. Beijing: China Science and Technology Press, 2013
(in Chinese)

ChE LR LR 2
HOAR AL, 2013)
Pandey P M, Reddy N V, Dhande S G. Slicing procedures in

SDATED: TEPARSK. dbnt. lE A2

layered manufacturing: A review. Rapid Prototyping Journal,
2003, 9(5): 274-288

Dolenc A, Mikela 1. Slicing procedures for layered manufac-
turing techniques. Computer-Aided Design, 1994, 26 (2):
119-126

Sabourin E, Houser S A, Bphn ] H. Adaptive slicing using
stepwise uniform refinement. Rapid Prototyping Journal,
1996, 2(4): 20-26

Tyberg J. Bohn J H. Local adaptive slicing. Rapid Prototy-
ping Journal, 1998, 4(3); 118-127

Sabourin E, Houser S A, Bohn J] H. Accurate exterior, fast
interior layered manufacturing. Rapid Prototyping Journal,
1997, 3(2): 44-52

Tata K, Fadel G, Bagchi A, Aziz N. Efficient slicing for
layered manufacturing. Rapid Prototyping Journal, 1998,
4(4) . 151-167

Cormier D, Unnanon K., Sanii E. Specifying non-uniform
cusp heights as a potential aid for adaptive slicing. Rapid
Prototyping Journal, 2000, 6(3): 204-212

Pandey P M, Reddy N V, Dhande S G. Real time adaptive
slicing for fused deposition modelling. International Journal
of Machine Tools and Manufacture, 2003, 43(1): 61-71
Jamieson R, Hacker H. Direct slicing of CAD models for
rapid prototyping. Rapid Prototyping Journal, 1995, 1(2).
4-12

Zhao Zhiwen, Laperriere Luc. Adaptive direct slicing of the
solid model for rapid prototyping. International Journal of
Production Research, 2000, 38(1): 69-83

Kulkarni P, Dutta D. An accurate slicing procedure for layered
manufacturing. Computer-Aided Design, 1996, 28(9). 683-
697

Hope R L, Jacobs P A, Roth R N. Rapid prototyping with
sloping surfaces. Rapid Prototyping Journal, 1997, 3(1).
12-19

Hope R L, Roth R N, Jacobs P A. Adaptive slicing with
sloping layer surfaces. Rapid Prototyping Journal, 1997,
3(3): 89-98

Mani K, Kulkarni P, Dutta D. Region-based adaptive
slicing. Computer-Aided Design, 1999, 31(5).: 317-333

Ma Weiyin, He Peiren. An adaptive slicing and selective
hatching strategy for layered manufacturing. Journal of
Materials Processing Technology, 1999, 89(3): 191-197
Lee K H, Choi K. Generating optimal slice data for layered

manufacturing. The of Advanced

Manufacturing Technology, 2000, 16(4) . 277-284

International Journal

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Rajan V' T, Srinivasan V, Tarabanis K A. The optimal
zigzag direction for filling a two-dimensional region. Rapid
Prototyping Journal, 2001, 7(5). 231-241

Asiabanpour B, Khoshnevis B. Machine path generation for
the SIS process. Robotics and Computer-Integrated Manufac-
turing, 2004, 20(3): 167-175

Tarabanis K A. Path planning in the proteus rapid prototy-
ping system. Rapid Prototyping Journal, 2001, 7(5): 241-
252

Yang Y, Loh HT, Fuh]J Y H, Wang Y G. Equidistant path
generation for improving scanning efficiency in layered
manufacturing. Rapid Prototyping Journal, 2002, 8(1): 30-37
Yang Jia. Bin H, Zhang X, Liu Z. Fractal scanning path
generation and control system for selective laser sintering (SLS).
International Journal of Machine Tools and Manufacture,
2003, 43(3): 293-300

Chiu W K, Yeung Y C, Yu K M. Toolpath generation for
layer manufacturing of fractal objects. Rapid Prototyping
Journal, 2006, 12(4).: 214-221

Onuh S O, Hon K K B. Application of the Taguchi method
and new hatch styles for quality improvement in stereolithog-
raphy. Journal of Engineering Manufacture, 1998, 212(6) .
461-472

Kim Deok-Soo. Polygon offsetting using a Voronoi diagram
and two stacks. Computer-Aided Design, 1998, 30 (14).
1069-1076

Chen Jian-Hong, Ma Peng-Ju, Tian Jie-Mo, et al. Scanning
path algorithm for rapid protyping based on Voronoi
diagrams. Mechanical Science and Technology, 2003, 22(5)
728-731(in Chinese)

(BREVET, TS, MRS, JET Voronoi [ (1 PR B2 41
AR TR BT F. HUBRR 22 5 HoR . 2003, 22(5) . 728-
731)

Luo Linjie, Baran I, Rusinkiewicz S, Matusik W. Chopper:
Partitioning models into 3D-printable parts. ACM Transac-
tions on Graphics, 2012, 31(6): 129:1-129:10

Hao Jingbin, Fang Liang, Williams R E. An efficient curvature-
based partitioning of large-scale STL models. Rapid Prototy-
ping Journal, 2011, 17(2). 116-127

Chen D, Sitthi-amorn P, Lan J T, Matusik W. Computing
and fabricating multiplanar models. Computer Graphics
Forum, 2013, 32(2pt3): 305-315

Prévost R, Whiting E, Lefebvre S, Sorkine- Hornung O.
Make it stand: Balancing shapes for 3D fabrication. ACM
Transactions on Graphics, 2013, 32(4); 81:1-81:10

Wang Weiming, Wang Tuanfeng Y, Yang Zhouwang, et al.
Cost-effective printing of 3D objects with skin-frame struc-
tures. ACM Transactions on Graphics, 2013, 32(6): 177:1-
177.10

Stava O, Vanek J, Benes B, et al. Stress relief; Improving

structural strength of 3D printable objects. ACM Transactions
on Graphics, 2012, 31(4); 48:1-48:11



1266 it =2

£l 2015 4F

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[51]

[52]

[53]

Zhou Qingnan, Panetta J, Zorin D. Worst-case structural
analysis. ACM Transactions on Graphics, 2013, 32 (4):
137.1-137:12

Telea A, Jalba A. Voxel-based assessment of printability of
3D shapes//Proceedings of the 10th International Conference
on Mathematical Morphology and Its Applications to Image
and Signal Processing. Verbania-Intra, Italy, 2011 393-404
Umetani N, Schmidt R. Cross-sectional structural analysis
for 3D printing optimization//Proceedings of the SIGGRAPH
Asia Technical Briefs. New York, USA, 2013: 5:1-5:4
Chen D, Levin DI W, Didyk P, et al. Spec2Fab: A reducer-
tuner model for translating specifications to 3D prints. ACM
Transactions on Graphics, 2013, 32(4); 135:1-135:10
Hasan M, Fuchs M, Matusik W, et al. Physical reproduction
of materials with specified subsurface scattering. ACM
Transactions on Graphics, 2010, 29(4): 61:1-61:10

Dong Yue, Lin S, Guo Baining. Fabricating spatially-varying
subsurface scattering. ACM
2010, 29(4): 153:1-153:10
Papas M, Regg C, Jarosz W, et al. Fabricating translucent

Transactions on Graphics,

materials using continuous pigment mixtures. ACM Transac-
tions on Graphics, 2013, 32(4);: 146.:1-146:12

Matusik W, Ajdin B, Gu Jinwei, et al. Printing spatially-
varying reflectance. ACM Transactions on Graphics, 2009,
28(5): 128:1-128:10

Weyrich T, Peers P, Matusik W, Rusinkiewicz S. Fabricating
microgeometry for custom surface reflectance. ACM Trans-
actions on Graphics, 2009, 28(3): 32:1-32:6

Dong Yue, Tong Xin, Pellacini F, Guo Baining. Printing
spatially-varying reflectance for reproducing HDR images.
ACM Transactions on Graphics, 2012, 31(4): 40:1-40:8
Malzbender T, Samadani R, Scher S, et al. Printing reflec-
tance functions. ACM Transactions on Graphics, 2012, 31(3):
20:1-20:11

Lan Yanxiang., Dong Yue, Pellacini F, Tong Xin. Bi-scale
appearance fabrication. ACM Transactions on Graphics,
2013, 32(4): 145:1-145.12

Levin A, Glasner D, Xiong Ying, et al. Fabricating BRDFs
at high spatial resolution using wave optics. ACM Transactions
on Graphics, 2013, 32(4): 144.:1-144:13

Bickel B, Biacher M, Otaduy M A, et al. Design and fabrication
of materials with desired deformation behavior. ACM
Transactions on Graphics, 2010, 29(4);: 63:1-63:10
Vidim¢e K, Wang Szu-Po, Ragan-Kelley ], Matusik W.
OpenFab: A programmable
fabrication. ACM Transactions on Graphics, 2013, 32(4):
136:1-136:11

pipeline for multi-material

Han C, Sun Bo, Ramamoorthi R, Grinspun E. Frequency
domain normal map filtering. ACM Transactions on Graphics,
2007, 26(3): 28:1-28:12

Colbert M, Pattanaik S, Krivanek J. BRDF-Shop: Creating
physically correct bidirectional reflectance distribution
functions. Computer Graphics and Applications, 2006, 26(1):

30-36

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

Xin Shiging, Lai Chifu, Fu Chiwing, et al. Making burr

puzzles from 3D models. ACM Transactions on Graphics,
2011, 30(4): 97:1-97.8

Song Peng, Fu Chiwing, Cohen-Or D. Recursive interlocking
puzzles. ACM Transactions on Graphics, 2012, 31(6); 128;
1-128:10

Schwartzburg Y, Pauly M. Fabrication-aware design with
intersecting planar pieces. Computer Graphics Forum, 2013,
32(2pt3) . 317-326

Zhu Lifeng, Xu Weiwei, Snyder J, et al. Motion-guided
mechanical toy modeling. ACM Transactions on Graphics,
2012, 31(6) . 127.1-127.10

Coros S, Thomaszewski B, Noris G, et al. Computational
design of mechanical characters. ACM Transactions on
Graphics, 2013, 32(4).: 83:1-83:12

Ceylan D, Li W, Mitra N J, et al. Designing and fabricating
mechanical automata from mocap sequences. ACM Transactions
on Graphics, 2013, 32(6); 186.:1-186:11

Cali J, Calian D A, Amati C, et al. 3D-printing of non-
assembly, articulated models. ACM Transactions on Graphics,
2012, 31(6): 130:1-130:8

Bacher M, Bickel B, James D L, Pfister H. Fabricating
articulated characters from skinned meshes. ACM Transactions
on Graphics, 2012, 31(4): 47:1-47.9

Su Xubin, Yang Yongqgiang, Wang Di, Chen Yonghua.
Digital assembly and direct fabrication of mechanism based on
selective laser melting. Rapid Prototyping Journal, 2013,
19(3): 166-172
Chen Yonghua, Chen Zhezheng. Joint analysis in rapid
fabrication of non-assembly mechanisms. Rapid Prototyping
Journal, 2011, 17(6): 408-417

Panozzo D, Block P, Sorkine-Hornung O. Designing unrein-
forced masonry models. ACM Transactions on Graphics,
2013, 32(4): 91:1-91.12
Block P, Ochsendorf J. Thrust network analysis: A new
methodology for three-dimensional equilibrium. Journal of
the International Association for Shell and Spatial Structures,
2007, 155(3): 167-174
De Goes F, Alliez P, Owhadi H, Desbrun M. On the
equilibrium of simplicial masonry structures. ACM Transactions
on Graphics, 2013, 32(4): 93:1-93:10

Liu Yang, Pan Hao, Snyder J, et al. Computing self-
supporting surfaces by regular triangulation. ACM Transactions
on Graphics, 2013, 32(4): 92:1-92.:10

Vouga E, Hobinger M, Wallner J, Pottmann H. Design of
self-supporting surfaces. ACM Transactions on Graphics,
2012, 31(4). 87.:1-87.11

Song Peng, Fu Chiwing, Goswami P, et al. Reciprocal frame
structures made easy. ACM Transactions on Graphics,
2013, 32(4): 94:1-94.10

Willis K D D, Wilson A D. InfraStructs: Fabricating infor-
mation inside physical objects for imaging in the terahertz
region. ACM Transactions on Graphics, 2013, 32(4): 138:1-
138:10



6 1 SRR . 3D 37 B Hp g JUAR) 31 55 BF 5 ot g 1267

[71] Holroyd M. Baran I, Lawrence J, Matusik W. Computing
and fabricating multilayer models. ACM Transactions on
Graphics, 2011, 30(6). 187:1-187.8

[72] Chris A. Xiao Xiao Translator. Makers: The New Industrial
Eevolution. Beijing: China Citic Press, 2012(in Chinese)
(GG BE T « 28R, GHINE. B1% . B Ll ¥dar. doat.
TfE A, 2012)

[73] Chen Tao, Zhu Zhe, Shamir A, et al. 3-sweep: Extracting
editable objects from a single photo. ACM Transactions on
Graphics, 2013, 32(6): 195:1-195:10

[74] Wang Michael Yu, Wang Xiaoming, Guo Dongming. A level

set method for structural topology optimization. Computer
Methods in Applied Mechanics and Engineering, 2003, 192(1) :
227-246

LIU Li-Gang. born in 1975, Ph. D. ,
professor. His main research interests
include computer graphics, geometry

processing, and image processing, etc.

Background
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civil engineering, dental and medical industries, biotech
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sional solid object of virtually any shape from a digital model.
It is achieved by an additive process, where successive layers
of material are laid down in different shapes. 3D printing is
also considered distinct from traditional machining techniques,
which mostly rely on the removal of material by methods
such as cutting or drilling (subtractive processes).

From the beginning of the 1980s, it has been gradually
developed during also known as Rapid Prototyping, Layered
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area and gain a number of achievements in the world. We
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