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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.
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support polygon

suspension mode

standing mode
B7 3l R W P B

4.1.3 FT ENEEAARAL 7] et

B 3D FTEIHAR I A, 3D 1 B SAAE AT
HOFE R, BB, 55 G B Ak e 1) e A
b, 3D FTEI™ S A AR, H RTE
BRI ARAR T AR BT R R Otlem® . B4R,
3D FTEIRAEZ SMEOEL . BRI, aifT s A
AT ED AR O ) A4 N, JE I LA AR ke gk />
FTEAPRIERE, AT RRARSTE A, oG 2L,

HTEATEIM L, 2@ TR M 22 458 (1)
JA K, Wang SE[39]4& th I — PP T+« 5% - 4L
(Skin-Frame) (1) 51 45 #4) KA A BHE AL in) 78
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ik 8 Fs, XHLKIZE (Frame) EA AL BT
ITEDRARLAS , FAEST BV A A2 T B K IK ) B i
B RNBGENE. BT KT ED . X LEENISE
SR I SR ANFT A L — 2 A A, TR
VKA ISR F UM, IR R s
HOLIIMIZE (Truss) TP, D RTH ATHFZ
AR BN, I [ E R . KRS KL
REBAPIA: — 5Retklr, AR 32805
JIiE s BRAL RS2 ) B ek A 0 R A0 AT TR A 6 23 R
TR o R, IR R R e A AT 41
J I RMR TR ANK, ARG kD> T 25 A S )
S PTER AL

J \J

8 Midgity () 5 “SEp-RIg” BpEhty (4 B9

WU EFEIE, EEIERE: XTaEr—
A=Y, AT PR R RE B MR 1 5 B A
LA TREINIZR G, AR RIE A M AR AR (R
PRAERIAT EDRRED S5, i HAEAR 4T D A RS
WAL PSR BSRE, Sz ket AP &
HFTENPESEEOR

SC[3911K H AR s BB AN 25— A H A Al
TR VRR SR, RIS B ARAR L MR SR PR AR AR
AR /N o T 5 B I TR R AR 0 2 AR AR A o 44
B, DR BATTHS 52 B 10 5 P2 [ 5 D die /ISl T BNV RS
JZ, AMERIA AR . BRI, AR AR R A
FERIZRES Y h AT R P4 T R A AT
S5 A H bR AR A5 I 2R 5 A ) A0 A AR ST
B R B, ZH bR T A Z BRI
FF AT R

AL, PEF L, e As A
BRI Hbr e . RE MR — NI
ai i CaTBERL™ 42D, 2L T LU R R
AT R)EAR, BERZ RIS, DARAR
AT AL E, AR AR RN

X Le T ESR AE Y 3D HTENSRM, S
SRAFREEH], e e REsh BV SR AR, A
9 o, IXMPECHEET R LA AL, fERE
FEATENE RE R RIS RE T . IRESF W, 5

B I SCEE SRR D> T SRR B
It HARH A 2 RBx -
4.2 GRS

3D FTENEIAeE 17 dh AL E T ) L2
#E), AR ANET LABETE 3D JULATRE, iy
A O™ S BT, AT h iz — it S
TR, 2 REOL RO A R % 3D ATENA 247
FE—LeEf ), R ) RO PR R RS . o

JEA LT REAE 3D BEBUAEST BN,z a1 A ]
RERE B2 BIMIR,  huResE P e AU 2 2 3D AR
TOVE IR BCE Be S L H A I D) RE .

[l 9 3D $TEN HLER AL

X i) EBAT TR Ay 546 43 A T 8, ) 2
155 2 R 3D AR A7 A P i P RS 1k R 4
s G S AR T E . C[40-43]1E T 3D
FIED &5 JL S A B i), SCI38]MHE T 4hikia
S PE ) 8
4.2.1 SRS NLH

EEXT BRI L, SC[40)45 H T — > H sh R i 5
16 1E S5 6 R B ) A 1) R 487 48, SR — N8 1 3D
R, IS SR AT B R R AT REAHT (R AM ., [F)
INEREE Ry AL RSE (2N R g S L RN N
A R JEE i) R0 3 ek A R 1) 5 ) 0 BT R B R
THR VU o B, A ARSI L ()5 E ), S
g tH =R R T I . NS R
RN S nsCHE, i 10 fros.

a) W fzilR

b) w8 J

o)z H#
10 SRR o) {1 54 11y 700

SC[A0] /K 7 A A8 s die v 1 R R ) 4
HE, JRE G T S g DRy . (HR 20T 510
IRKJRBRAE T ARG R SRR , ARG E AT
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BRI AT GEARSZ (W AN A 2 L, R o AR 1
LM Fi7 e — P LA 4 345 far 28R B AT 45 1)
SRIETHA . R, [T % FE AR (R 5 ) 2
AR, SR Z BRI, IR 0 A 2T AN BEAR
L by Sz WSS TR () S S Amr 800 AT, DR L 54 o B &5
TR B SEE 5 T SR R A BEAR G ORAIE T
4.2.2 AR

EEXE BT ), SC[40A T ANE LY
%o T EATTIN SR PRSI 25 K4 SR BE ()N, 5
b I AR i A AR AR PR A 2815 D0 7 VAN R )
e, BEFERFEARE GO (Worst-Case),
FEH DR U AR | g S B 2 A Bl K AR TR IX
5, WK 11 fiR.

LA

<) 5 DR

QBRI KA ) SIS

Kl 11 Worst-Case P47 54544

%7 R L T RS 2 B ( Modal
Analysis) . FESE R TSI, 4— MR CIA
[FSRPRBNIT, X PR T B A — L 55 35
PEP= A i N ST BR AR T o AR S0 AT 3t A2 FH R PN 45
FITEIRBIPIRAS N o] e R AL I IR BAR JE 1) — Bl 48
77

P OER S S

D TR AR S TR

2) AR BTREES, TEELERIGE AN
S DI

3> ARE— AN XA, SR — R AL
A ie) @, T R LA S (1) e AN A 280 AT

4) WA RICTE R AL BiRfT 8 i fE M
AT 7, I A 3 5 Xk P e Y T 43
At Ol s

LG UL B — M LA T B I AR A 48 53
A S KN oAt o, i g ai R .

4.3 MRIFREYREH

baaE it 3D FTEIM RIS 2, A4
REFT BN SR R GARFIE B 7 5 R 1Y)
Wik, IX—FskfEE T 3D FTEI R —SEEH MR
TR ) R QAT o tH— AN S (A B}
M, AL R AL — AN 8 R T AP SR 8 TE
DIREEESR o 1K — In) R ] B A A4 ) 2 THT R0 7 i) ) 8

(Specification to Fabrication Translation, Spec2Fab)
[44].

Ak, AR 2 2280 ) T — SR AN
5T, HTAERBAEZN] 408 =28 1 IR INEU
L I (Subsurface Scattering), % Hasan %%:[45].
Dong 25[46]H1 Papas Z£[47)25HT 5T T ik X ) 2 1
B B it 4 Aii 8 (Bidirectional Surface Scattering
Reflectance Distribution Function, f## BSSRDF)
K SEZHRAT ERAP MR THUR R s 2) 1324k
S8R (Spatially varying reflectance ), U1[48]. [49]-
[50]- [51]. [52]. [53]% it i XU [n) J2 5 43 AT ki £

(Bidirectional Reflectance Distribution Function, EfI
BRDF) >ksEHL: 3) &I M e MR i, i Bickel
SE[SATRIE G T 45 58 4T EVAPRHS TR R 1) S U7 %
§b0 2 BORHT BN, Vidimee 25 [B5]IZ5 HH T A
OpenFab 1] g FEU /K Ze KM e 22 B0 RLT BN & i)
L, e 12 B

12 OpenFab 3T El 3 JUAS [l 4L R 2 5451

Chen ZE[4410I%F FIRREFTEE RIAGH 45, fih
— AR A AL Spec2Fab. T AT
Horp HACGR M () CAE A — Lo R ms /41
4.3.1 R A e #i (Subsurface Scattering)

O TAE 3D TN R BA R E IR T HIUH 2
. Hasan ZF[45)25 H T — N1 5e#iifs, Wil 13
JioR. HRRE A ur .

1) W2 45 E BEAPE R O I AR
SR X 16 3% T B8 S 3% 23 A o6 80 ( Bidirectional
Surface Scattering Reflectance Distribution Function,

fAj K BSSRDF) SKAAR EATIIBURRRE 2k, &
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14 (2, (b Fir;

2) RIAMSCR T AR IR IEAR R
RO e, IS AN EARE, A EE R &
JE IR MU R 2, Wik 14 (o), (d) Pr
7No ATHEFLRR A IE [0 ] @ (Forward problem);

3) 5 HARMESMARCR VLR T 5 g5 —
AR SHEE U M2k, Ffilim i 8t Byt
LRI E & SR R L, feIdahR
AR T 2B B HAROR, sl 14 Ced Py
INo IEANAIFRHA S In] 1) (Inverse problem). H:
Hh DA S I A B A SRS B R AN )
R, LSO R EAR R ] BR 2 S 1]

Bl 13 YR KEA (L) Rl Bunny (F) B

4 FIRTHE S R R B 3D BERLR A%
A, T U A B AR AR SR T A [ R R ) 5 A
Bl SRSEHLHPRZOR, wilE 14 (F) Pror.

5) FIH 3D FT EIH LA H P 1 e 44 BLSEUR,
mEl 14 (@ Fiwe.

BT IR AR () R TR 17 7, Dong 45:[46]
W2 T — BRI R . %7 R 2 I
BHR R MU R ZER N, o] DUA o 8 T
EVAR B BE M By LR B . JLrh, s e
FARHX R THHUR 2SR 1 )2 i BSSRDF R HUOK I .

[ I, 3 75 255 i — SO bR o A 29 R 4% A
(Layout Constraints): ¥ Efill 55 £24d FH — e (47
EIRPEVRISE, BRIA RIS e — AN e MRS R
GBI RL ARG OK S, A 4 5 204 B
B 5 A, BB Z A AR 2 .

Dong 4% [46]4%J:J‘$I‘Eﬂ%ﬁ7f/\ﬁﬁ*4@%% i)
(Material Mapplng), RI25 8 — A IEAB KL B o AT
LR, tHE AR S I BSSRDF f54
Frés ihe sk, HizomfEwmE 15 fron. BR

Dong %5[46] 55 Hasan %5[45]#46 /& % 1] BSSRDF i %{
SRt e MORHI IR I HUR RV, (RRM T & Bk
A AR A T, NSRRI
Hasan[45]% H 3 k48 R X 7 ok I B — A & 18
()53 S22 A5 R 45 3L, 1 Dong 25 [46] K HH 3 T 20 #6100 )y
ok EAA AR IR, A AR R,
Hasan 45 [45] %) 4 — AN 85 28 3¢ [ o 56 % i 45 1)
BSSRDF 73 fif 4y JRi S SO £k, P08 R Af 5 4 e
53 24 )55 1 Dong 25 [46] WA FH J= 3 HUR i 2k k4]
oy AR, B T — ML LA i
AT SR, RITBIT4: BSSRDF H51E

TR

(@) FPEHEUR R PRI A

N

white support  black

(b) BSSRDF4{E: il 2

LA
nd NN U
L

(d) BF— £
BSSRDFA51: il 2k

(o) NG 5
BSSRDFZ 4

(e) I SEAFIE I

GRRRFARIA () e

MERAGI0E  REpRar (@ BEHTEEDL
fRALiR ik wR

B 14 Y U AOR s A

(a) ¥ R LSk (b) REEHE MM (o) FISOLI T EE
IR TR BHYZEAT R R RUMPRLR IR

€ 15 BRI R £

Papas “K[A7IHFI T L A 00 5 3 A It

B AR S BRI ORI
R
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4.3.2 (AR S BOR E I (Spatially varying
reflectance )

LS SRR T R A REAN ], I T & A
FRERIRIMACR, WOt BRHEN . 68 Uk
5. TR, ZHAEOCT, B R S U E
o AL 22 R 7 I A2 AT A2 4k . BT EAHLIEE 2
1, 5 H BRDF BRI ESCR s X Bl 2% (A1 AR A SR RUOR
X, 15 3D FTEI s & W4T ED i HA 45
2[R AR S R

T R ) R T AL S R Weyrich
F[A9)45 H T — N E eI (Microfacet) HR (1)
RGTTE . %7 EMRE — A4 E k&1 BRDF
I3An s RGN DAATLER HURE 73 A7 1) — A ] R 46
B PRSI AR RORITE RN, IF AR ok
IR YRR, ARG IE AR K OT V040
T T TRMBURZE S S LM B eR B, 49 31 i 5 3R 1T
S E Ay, SEIT SR B ) FR T SO O -

Microfacet PIRIEAMR AL, KMl HIR 214
ST (microfacet) A1Ak, IXLEHCP AR AN, TGidk
A 25 IR BEAS microfacet #5264 IR 1
A microfacet 48— A U7 W] ' s S 1) Fp o )
— NS, X E T microfacet FIVE R m. 24
114 BRDF [N, 67 ) | FRLEE DT ) v #R15
YRIE . IXTEIRAELER T _EI A microfacet H, 3
AW 1 SR v (550 %) BRDF H k. &
16, A0 LAE 2IX 2 2L microfacet 3R
[V 1) m RS LR v PR a], a2 A K & h.

K| 16 Microfacet 576Uy |, MM v, FfMKE h

7 FiR R, Weyrich S5177 S B — W)
AR 2 THI 1) 5 26 IS0 28R e g 3 1 R e 1 2 AR
BRDF $ 15 W AR KT ) e L 37 0 A T e » J
Yok s —dR A, HANEIEIEWIE DL 3R
oA, BRBICT R BUR A AE 65 2N, 3X
AT LA et 1 8] ) AR 5 S S Ol [
I, A T ) )3 PR R AT REIESE, kil 5
VNIRRT

fE ERBUE T, PRI B4R ¥ BRDF il & {F:
J B — BB R T BRDF FRLCIR A& b, o
MoVl BRDF Bl G- 1 AV ) AN [ 1M 22

o FAI R EKR BRDF R Al B AL kA
BRDF (11 73 & 55— ANMACE ik ) (1 BR 51
[656]. HARSEELRRLAT

L WS E s AR B AR 5%,
%% Colbert[571 /7L 1 E 7k, Wk EUW H AR e 5
[k e AR B m o RUR ARk R 34y BRDF
FErEe MR, AT DLE B E S A R A g . B
Bl ATEFEESRAF AN G SEA BRDF f5 . HLR,
RUFTIR, 364X BRDF (MR & & Nl & 1E G RUsH .
KtE, AT LAEHLA BRDF ML B, ST s
TEARBAT R BRI H, 198 R GG FHCTE I 2
i, WK 17 fios.

N
£)
i
G)
&

&)
:&/-& A I \___/ ;

17 Ji: BB mse R A7 OERRE CE T 20 A (4
4y R3E A BRDF, tEIEFZ) B

2) WMCrF B s B A IR B
— PPBCT 1 A3AT RT DOR A RO = B AT . R
TSP, SOOI i R BT LR 55 20
B, WO AR, K FL A A [R5 1) ()
TOT T OB OECHE A . X H L, R W& R R
(Low-discrepancy sampling) 772 FLBEHLRAE 7%
BA LRI 5 AR e

&/_\», r/“‘_\’ B »é ,

«

S

B 18 25 HERBOTT A5 e BOWLTREE 400 45 #7: 16
{2 R B A1)

Fok, AR R E R Rer i B R S R, B
DI ) R AR R, mT ST X HLURH il R
e, AR AR E ST IR, S
XA I A DGR K A SR R S = A
R A R MR SE

fJa, MR EIRACEE R, a2l
B AP I AE LA R BEELE, 19 B &1

h

-
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JES oA o X R AT DL R A — AN B R RA Iy
FEARAE o oL 2R () 485 AT LA 21— NIl T CO a4k
MRCT I oy A4, Wl 19 Piok.
4.3.3 IR E

TR G HCE S S i S 2 (Rl e, I
H— AN Pkl K SRR R AR R e T 2 AR )
gE B T T AN M A B AR T
A TR B JERE, T E S A AN Rt
fia] LRI ) SR I

Bl 19 e IR (B 18) 1) kT T B4 41 )

() ¥l (bo) A IR (D) EMA, (c)mFEf

&; (d.e) MEANILAREETT: (A EMAL, () Ziife

B ANE WINE RIS Z Rk
S b, ANFEREHL A BB T BT R] AT Bl gt i —
MOEHTEN A AL 5 AR, AL BRATTRE S i3 5 &= 2
ik, FLEREAEIXLEZ SO R 0 ORI B
(ITIREATRE, TR I Slie L A JBOR iy i B 1 BE (10 44
Bl BRI A R RIS W RCR AR A o
AR PEREZT N EUR L 7] RE2 T ALk )
SERAPRLZTR], TR A A5 R TR BRSO R 2
HAE -, ATRIRSAT R AR AR,
SSUEW A TE U l, RS FPR PRI T
HEMEHT

Bickel “F[5418ATFT 1 EiRX—1RA7 5 A
MR RN S Wl AE RO R (R 3D
TR b, HRARIERA R 2P Re . 4TEN
R E T2 PERERISE AR R S8 WP 20 P
)RR SE TS s 42 K — IEAR R L) 2k e
Lk, WHPREEAM ERE S, DMEAR 2I9RE T2k
REMZ LR EGMEL. R 21 P,

Kl 20 Z MR T Ens i)

h TR BRI, Bickel %5 [541R %27

ORIBEAFEAEL, FFTIN— M Rk 1S 31
PAL e MR BE IR A 45 . Be)ia, SO TR
JEiL—% Object Connex 500 Z 44 KT ENHLFTED T
— LRI AT IO o

Zi L B AR B 7575, Chen Z8[441 K31 I
IR AL B R A A — LE B SRR 5 A [ £ 4k 2 B
TG, eI TR i S U S AR SR N RS
BT P45 0 A BRRFIE I RE T o DRI, b —
AN B A 1 0 AR AL B B ), i HESR
BABYA. Al e, e oo S8 )L
I TERPE MRS S, IR T — 2 hilgUR, Wil 22
PR NESEEAT 4 Mk, Wl 23 fow.

Input Goal-driven Design Fabrication
¥y
*ee > |/
Base materials g’ Material Library
= o
i Y £
= Bl e g
2 . &
: E Search-& Volumetric Qutput
2 Simulation  Model =
o
Target %
object =

Target material

Validation

P 20 BT S R

o

Goal specification

7

Caustic + ]’extuye

Goal specification

) t
)
= ¥
o. o /

/

22 AR R R
T, ZAPEE 3D FTEIHLAEST BN SR i
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SEXS RN ER I RE—MAE, RS B e e
S HABZRIN, AR R AR R 2%, ARAESR
o PAUE, X AR AT ZO0 R — e I AR

N

f[ Reducer Node ] [ Simulator ]\
\[ Optimizer J [ Metric JJ
h 3 pa

Error

State
nding

<] 23 Spec2Fab 4 45 (1 5E A FEME 4l

7, WEIE 23 W5 1 AMEH“Reducer Node”[K)fF
%o N T SEBX— HAx, Chen 55K fij 1k #
(Reducer tree) J5 . iX—J7 NAEME & HA LE25
Maya " 5 4% (Shader Network), HANIEIX
LR — 2350w R 5 PR S R S AR
(AT BURAE,  SEIAM RN E S Rl S 5k . A
I, SO AR A R i), e AR
AU T 05 JUT T A SR A, il 24 Fros.
JURT ST FRIR. ARZE . B RESANEZ Y AT
&, W e AR SE BN ST R 31X

Facet caustics Subsurface scattering/texture

/iN BE
-8 X

| A

= -
= N =D

o]
[V ] «—
(]~
[od ] «—

]~
[Vod ] «—

O Geometry node |:] Material node

Bl 24 PIANTACHSIG]. o FBRERCERI R (ko)

FERDAEARNT s FREPP I R SRR D A K

R UM O E IRL AR COMA T i 2710 o, PR AIRTY
RS RET D B

PERFT S R 45 43 IX 5 0 % 2% [ 48 E Tl
T8 SXIRPRE, DRI — M A J LT 5 U 15 R
PR s BARSEIL v 432 2745 £ (Layered Node)
L2375 i3 (Void Node) P8, J2797 s il FH R4 B Xt

GOy A R — SR MR ME s A s TR e
X G A% ) HE PR I BHE 7

23 (1) 4 MBS PR FRR— NS
TR SRR AR RS R AR, ik
U RO AR T A Al 25 5 R % HArAH L
By AR LU T WA A AT . X —
R SC AR LR O I 28 (Tuners), & EEA DL
TR S RS, DUARI KRG T0E ) HAr.
AR T A — LI Y A0 (Tuner node), R—
AN AT NI E L, IS
1615 i (Reducer node) AHEEHZ. [RINY, IXLLIfIR
W EE B, DT R — A T 1 2%
(Tuner Network), 1 25 flizs. T8, PSS
SR e I AR A 26 5 1 3 I 4% ok A AL LA DG TG
P sS4, SCILR G ML H A%

Tuner-reducer node connections | Tuner-tuner node connections

: Spline "'.

[REPne

f/\i
B

Kl 25 /oo BRI AR LRSS A SO T
() — b i i pog 251441

h TV RGEFTENRCR E ey, SO s
Gy T LI R BRI SE I, G Hasan S%[45]
) 2 THT T R (& 26D, Papas 25 [AT] A BB,
Bickel Z¢[54]1H1R TR %%

ATENSE
Bl 26 2T BN 2808 & I H

4.4 Mgt

3D JTENACAT LU 28R, R, JERE
K LLAE BEBEHEAR A 1 4 S BRI LA S it 17 S
by . D, S PTER AU BB TTBeR
B o XTI AT 2 PR — I
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4.4.1 BN
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Schwartzburg 1 Pauly 158 f5 27 HLHLI4[60] -
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Ao 30 B SRS — R I SR AL B — A%
gk, Kl 27 Fos. SRR AR 5
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o1 RaeP < v R L <O Rt T A PR e o (W2 e
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DRITAT B0 AT450, XA “Bif 7. F—
MNEYEBHTIF VR A S, R ZER e AT A 2k ke )
B 7 i) SR R T R AR TR

a) FMEEPLSNE

b) & HFH R A 50 fift e 2
K 27 @yrace

i Eprd, ARG EIEBHRIE O FheR, Bl
HERPIR, B ATAREBON B R AEE BBR
FHIEIEBL, O SRR il X W 51 g 5k
FEIE, (HOX— LAY e R e Ve S kit . [
NG YRS BAR AT 6 AN B, (R 25 8
Z[E] IR B 9% AR R ARAUE B TR BEELARBIE o Xin 4
[S8IFLAT I T IXAE AT R ) W TR A
Z3E M) 3D MR F B ek A oA B 15 B 4
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N TAET A, 18— DA 6 MBIF&E
PEREEA SR, FRATT R (knot), WK 27 (b) it
o FEMLEERN E, AFEE MG ER) 3D B N AR
AT SRR YA, A R B 2T AR PR
gk, NI SE S AR R ITES )l

TG, HREERAT SR, T R E SRR
TR E VB, SO e AR UER) B US4
(Kl 28 () Fis) WE T4 3D HANE,
Wi 28 (b) Prons #TFK, ¥4I 6 M E %
H BTAET- 1 5l ) S 42 3D BEAYIA S, #f 3D A
RUPTAEAE AR 3 8 ANk, Wil 28 (o) Fim:
5 JE % RS T (1) 8 AN DX i), anfE 28 (d)
FT7R o

@o

a) ANGPIAL o) HEBi N E C)IEAH

- &\

)RR

Bl 28 P S EHERAE R A i R

Horpr, 8 AN AT EA 20, A
Ji ) 2 S R A PR B B b A A T
TRRIAT . ST gn s 7 =Moo vk Xm, 20,
MFRITE o BT 2K 8 AN X &8 2 4
KW F, BHAE 6 ASFAE A ARG ) 2 ASEBA Erfn,
Al FI A6, A2 F1 A3 T A4 Fil A5, i 29 2f 1
TRz A 8 AN v AE I, AN AT
{ERFAEAHAR B = AN BEATAE b, KR I7E A 2
73 38 =FhoRFRIT:, Wik 29 HEg 2 47w,
TSR TN 23 A SEIS AR

29 S PPN A A RS e WA B
SRR

2271 S U0 T CASE B AR VR SRR b, JE
RN T kAR, Wk 30 FiR.
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ST R IRI g S RAT R (R RE, T T e
T ARG X el B4 HAT PRkt Song 2%[59]
HUIESE T IXAE AT ) Wl — AN e )
3D BRI — A G e, AEHREAR K
RBBAAC 3K o
() <

Bl 30 % G PR H A i R

(2)3D BEMY; (D)5 A4 s ()M 1Y R BB (d) A e T
SRR ()W 19 xisl Iy (F) & HEBA SR 20 1y A2 hR

SCHE SRS NP R 3 NI
BIARSRI R Z MR BAE e, A4
BIRBRATLARZ S, 18 T 3L SRS AN BE LA 7> 1
PRI B 31 s Bl — A2 4t Coffin ICBIUR

K 31 PUbk Coffin BEal R A

M i e X, — N BRI B (1) IR 4R
VESE X SR RT BEMR AT AT, BB R IR
SREPR], AR M T R R 5T R ECOK .
DAtk Song ZER FE BRI T BRI XK (1) J5 3, 2
H TR I — 4T %, IFfRbsEl b, 45
T AR RS PR T, RGeS T
A28 715 (R 55 28 WA ]

ZITER AL B R T R B8 32 Pros. 2R
LT T8 IR Z5 4, 1207 DMA TR R
AR AL BERT S, WA So IR S & 38 A4l
BB BRI il — AN FARIT S Py,
Py, ..o Py IS RIS AR Ry

S—[P1,R1] —[P1, P2,R:] —...—...[Py, ...,PnRi]

IR I PR SR AR AR kg — AN YA TR 3 A A

Ri —[ Pi+1,Riza]

U RRE oM ARREDRAE AT — M RUR R
APFREBGEMA 18 1 R FB 20 A RE TLAT Bt
U] i LA P S VAIR JHR Py BN ARBER o

FLRIX s, SOh G R R 2 g
A (D RIS (2) 3K KR I
e aiBIAs . BRI k0] 2 WS

32 Bunny KB U /) fif it 29

@R FIEARB; (D) P HURIAR AR B s () $RICT M Bt
Bre; (d,e)is I ORI A ke

AT 3 SR F2 B fi 281 IR A 1
HANACHEE S AE RIS 5, WilEl 33 B
SRR AR . IR R B T
PR AR VR ok, DRI, ISR A
(Rt Gt REF 2 Dt i E S ARk . 734k, P
P PRA AT 2 By A R RGT S [RE, ek
FSEBR A GAAR T (A S o PTEL, 3R el i
FrARAE A AL s A D ARAE F 3 AR R AR 32 A
AR, eIz AR B . KA B ST
gikyE b

s -i mesh

/
cutouts —

33 AT B

L o] (5 4R 8 T 2R X R b P T ROIR A AR AT
BTG CIN R 5, 3Kt — AN A — s M 1)
] | . Schwartzburg F1 Pauly 75 32 [60] 7 %) b 5] 5 1
TR, g T R OT S IN AL et Ty
Pio SCHPONITERCE, EiRHE T — RS, M
KBTI ORI, FERGIER |, 45T
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PEV TR R0 P FOR A A A7 )
Tlf 435 55 ] AT LA
4.4.2 FFRILAN

HATH) 3D FTEREIAR, FTEARIRA O 1

PRI o WSRATEPROBER AT LBl ok, AR A
BT o XTI AT A 2 AT MU AL et [61]

HUBE A (0 B [62) AP BN B+ [63] 45

X SRR T Be A vk, Heh Zhu
SERE T BCENUE B, Wl 34(a) iR Stelian
SR T WM ENEZEE), WE 34 (b)) Fir;
il Duygu SRS T 3 TR A A UL A
wit, WK 34 (¢) Fir.

(a)IJcﬂffM’J ()L A €1 (OLIRIIN

K 34 BLALEH e

HEZIEMRARREAAL, nTLURLs R
g —ANEghriN, LS —dlghE ihgk, tdnf
DUE— B0, FR G045 TR SRR e rh ok
WA GBI R LA A, ARG UL IX S 1) 2
£, AP RE S S e s s AR —
5, WKl 35 iR

JHPHN P itk

K 35 BLANUM BT REE

T SRR AR AR BESE LT THER AT
IR 3 SCEEREAT T AT LA

L PN e LLELE A (i fe e
B3, AR EscE A UEE, S55iR
AR, Wk 36 (&) B iwau#
AN TN 0, IR e S T —
g he A, WK 36 (b) Jix; Iﬁﬂm%
NIy A S % X (o 9 2 i AU 51, i
36 (¢) fITzr.

2) FBLEEE: B 37 (@) FrasBl A SC[61] /1t

J,  JE Ik IR A (R 21 A e A LA T T I L
PARGIRNE ) SC[62] A AT 2L LI e AT
i, HA5T7E 2, mE37w)%% X
(6315 A e b A PURRER AL, 23 A VEA LAY
WS PRI AHE AT RS, &l 37 () Pis.

N J\ FANC T RN
@DLA L (O)BLIk A (OLILLUN

K 36 Al A0} 6]

| 24
.111.
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(OLIIN
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3) fLfbibsE. S TR BARM BRIz )
ROR, 3C[61]4 T i btk ek A
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Hodt, Co(x) FRIZaLEE, R LA iESS 5L i
AMEEEQ,Qwﬁ?mWﬁEAE,%EﬁE

THEAIT, CO)VF IR A, (L
erT AL
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1 , ,

R I CCES R OGRS

% b SR SRR AL 32 3052 7 1 22 55 9
YOEEN N2 A AR . 30k, x(p, s)RIR &
Rt B R A SR I R 2
.

SC[63]MPEAL F bR HLRIZ 3R T e 15 4
ARG EIMIL, MRt L, Bl AR
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Ay (1)-4, ()

E‘Di = ZZ(SIH f)z

S, | R | BRI
Ay, () AN FTURN TR A2, A, ()

FETR L BRALAR oA N IR AR B2

IR 3 4R SCE S IS B B Y AEAS [F] )
Wrge b, T FIRRA IR Z B T . L,
AR R RN . EATERR A TIRZ A
B, XL AP ERER T RS 5 LA S5 A 1)
HEARNE s TEAT S5 F AR 5 52 — R YR — %
PR LA 506, FITLATE 3D 4T I 2253 73 47 B
XKLL, ARG AL G 2, TR R
AT 3D 4T BN A4 AL IR Ao
4.4.3 KB

R R IC10 2&AE RS IE & AR AR P AR e —
BN &R B S W — ANk, ST
8 EWEZEITE. MEghEY], WM EZEEA
. R 3D FTENHREAK I HA B oK
T, KRR S RSN TAE. B
HEREAT AT BN AR B AR A AN [R) 2248, AT A
15 AHER, EREH B B RE . KT S H
flBA P RATEahSE RS, B e MR .

Jacques “5[64] 1 Moritz Z:[65] 51 Il 4> 5l
TS, WK 38 (). (b) i, M
I FERE, PINIITTERARAIAL,  mT fif 2 S 46
T HAE, FPra B b B BSR A E A AN [F] 2H
ors ARG, KeorEE R Al ) O P
Xk, W 39 Pros.

TEA KT b, PR SRS AN, 1aH
U R

1) 43T Jacques Z5E[64]1X B AL i A A
A Maya H, i 4545 8 A8 S I #EOR 5G TS R
K SE R B s, W 40 () Prass T
Moritz Z:[65] I i BT 45 i N\ 5% 52 BUF R $2 5¢
2R, B IR AR A o B AN [FB A, ikl 40 (b)
Fs, JE SRR R ARSI AT NEER R, 4
Gl e, DA T A B A A R

2) ATALFE. Jacques ZE[64] 4 T 4Ll
AT, WK 41 PR, XSRS RS OCTT 4%
BRAZE. BEEED). TR/ BEERREZE, B
ARSI FEMIERE b, FEIER A 4 A8 DT
Bt , W AR AT R UL, 15 35 2 00T

R Moritz ZF[65] I SCTT LT PRI B
FEASGTY (Hinge) MIBRIRIGTY (Ball-and-Socket),
i 42 Fros. WA RE JLAEE, A
CSG JEMBICT IERL, J1 5 M P, ms

(EEEIPTE 3P Rith

(b) Moritz 5511 45 R

Bl 38 KA (L &

g £

i ig - —> ..
N \"‘ 3 é ©
< ®
(a) AL (b) F7Y 43 (ORYIPSH (d) %t
Bl 39 AT L EL IR
e N N
Input
s "~
iy AR S | _ ™
\! J‘n -
(a) Geometry (d) Mesh
Components

&

(f) Piecewise Rigid
Segmentation

Lo

(b) Articulation

. J

(a) Jacques? 1) J i (b) MoritzZ5 1) J5 12

Bl 40 47 Ly les o

Jacques Z5[64] 1 Moritz Z5:[65]3% P ki S & 14 5
EIXHA ST M R0 G, ARSI AN T s %
S, HASEILT M AL I A G d
(Non-Assembly), 1R &5 HifAIL T 3D FTEN— 44 pi i
e SR, BRIk, B AR L 0 Y FH A 5% o
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4.4.4 AN

FEGHIMBETT I, A HUBRP LA R UG, — M
LD SR . e, BN AN
BRI R, PR T T4 2SRk K . 3D
FTEMESL T, X—REREnT LA L35 00, A 8adl
£ YIRS

Balt-and-Socket

Bl 42 8 (A0 SRR ()

G AN L i 72 T AF i vE B BORE AL LAY
A AR, KA IRTEE R RNE T, %Rk
JRER 2 TP NI [1] e KPR A AR B 15
TSI EET, FERINE X b, XS A AE
PR AR T WA BETH A B B, DO X FE BT
Toiti % e T A RS ), [R] It e SR T — 4k
PURIBE R BB RE ST, W DUACHURR S — Ak e 46 i
v BB BIER Bt R SRR RBR NI RO .

Bl 43 el

FED M A, AR AT I TR ST i

S, i Chen A1 Chen [67], Su %%[66]. Su %%[66]
I FIE B PEWOLRUL T E 9T T S 231 &
WA RN, 23, EEHE T gl et 2L
TR ANE . R R ERT RO (& 43) K&
FIPESTEN R S I (B 44) 550 AR, 45T

—USTEISERG AR IR, WK 45 FoR.
45 BXESEWEIT

B B T A A W =, R SRR 1 15
THE R ORI AT A o2, @SRk T
SRR W R K S RN g b, K AL
T LA STV T () 7 2R SEBLX — H .

45 J7 [T Ep sz pee)

B 3D 4T ENHEIAR I e, 3D T ENfIAE
RIS IRG 56, RRRCR A, RN RE 1t
FEILSCRBR S, Bk, e S a iR 2
T THET . Tk, M 3D FTEIk Bk
e Rt (ah @ L AR N IS S A S E £2.7 (74
THE I ALK .

451 | S st

K () A ARt - A A 4544 (Masonry
Structures), XFhHEA LRI LD R HEIL. A
PSR RIHERI S, BT S5, SRS ks
Mo EIETRZEIIAZR M ER, [FR TG
T BN S, AR FEP AT . X RS TFRZ A
ERRE 57 SN pr e P e v S R S )
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b 25 7 TG 18 A A Ty S A T S AR DA R A A
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46 Hpr [ ER AR AR

T AT 7 A T S S B b e o H R E Ak
TERIREHE SR, AT —ANBE R A B AT —
JEMEREIAESS o DA TR 2 2 T M 2% 43 #
7715 (Thrust Network Analysis, TNA) [69]kAbEE
o EXPIET LA WIER g kvt aniEal, 5
KEMHNTRUHE TAE. AXFERERT, IF
KA LEBF T TF BRI ] R F v SRk Ak 2
iR, 40 Daneile %5[68], Fernando %%[70], Liu
4£[71], Vouga Z5[72].

IR BN g AN, ande]
A8 [ h P AE A Bl — A S FOAH [R] 5O 3T 1) B S8
ghfyimm, HESMEEATTR A =ML, W
47 Ji7R

47 T SRS R

IR )R T RS S AZ OIS TNA T
%, FEEXNAE T ) U P 78 5 A Ak B A
[, Daneile 25[68]7F TNA J7iERIEEAE E2r4T T
i A B 55 4y A A 1 T 2 e ) PR Bl R A D) B/
R8T LA SEE L Liu S [7104E TNA K3t
51\ Regular =ffift. (Triangulation) J5ik, 4
TWHEZEMECR, iaFH Regular =Mk Jiik
KB BT L) A S T, X R ] 4R
P — o (5 5 1) 2 0k Uy OR AL T A A B R 1 S
PR, Wik 48 Fin; Vouga SE[72]H 85 TNA 45
BT ANERO S, SLE A R vk S i T
Ak AERaET . MR LS T a1 F

TR E, SCP IR I8 T PQ Mesh 287, 4
K| 49 fir7; Fernando %5[70]11 75745 Vouga %5[72]
Ffeh, AR H A o 2 2 e TN . LI
JCAREE W) @ AR AL B, W&l 50 s .

K 48 Regular = ffAk ) [ 4% i i 45 gt

Gt

50 7 LI (1 1 43 i 1 4 4y )

452 RF 45ifyiil

H S P4, 154 —2% RF (Reciprocal Frame
Structures) Z5RJHIRA M. XF&iMH—L RF
HOCHARBEM R, R RF HocH JLAHAR T
FHE S, AN ERITEINEIZ B AR
i R SCHE T AR E OE, W 51 s

RF £ NERZATET, & LA S AT
5 RF HIGCHEEARRIT, AR — R
WK A ke o IX BN 10 2% (B PO/ 54, T LA R
—ANECRAE W [FIR, eI v DR R,
DU -5 A [F] b i B R R el . DR, AT L
) RE SRR 15 G F T DO RS g I B 4R
—8ei sy, HRRARIG. IERChntk, BaECER
M, RF 25t O I RPEAE

RIGHEAZ M RFE Gt BAZE— 45
4, HIE & PLF TR e . Wk RF 45k %
KK, HooBumid £, X ) 4 M 2E 2L,
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NERALH, BOPERRO R, T T80k
HMERAS T o Al R TSN LI 5 ok 58 2% RF
gitgueit, MAHRATLE T, Song SE[73]ix Ik
P (R % /N A

e = e
3 ,/‘!(“ B g
52 g e

51 RF 4yl

BEXPR R EE SR 2411 RF S5 M Bt ) @, Song 4%
R H i w2, BISGLE 2D ERMEIEA RF HioT
(LA oA, Frdd—> 3D SHUIKR LT 2] 3D
28], IFAEREFF LIATANE & AE N XFH A7 B A
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Y
P >
oty 07 . <
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—KQ X [> L = q> [ E‘>
W\ { |
7 . S 9
& Funits L
2T I
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€152 RF 4t i ipe

4.6 NEBLEHIRIT

4.6.1 G filt i NBOR

S f A R N B BT DLAE P i AR e il B e 2
Pk 225 S BN — MR, Xy
L S BRI .

FAAIE AR TS AR E AR RFID (Radio
Frequency Identification) Fl14cIEMY (—4Emlk —4F),
#HIZ T E R AR SRR N E, SF IR A=
PR Rl I 2 T &N TR N . SR, XKLL
BORTEHL I —M B . B, RFID HR
BUAMP R BUHR [FIRE, STB R R
WEARKRZERAL o S4h, e RE BB 8 U e
JE A0 JEOF HEiE ik, A seib A7 A B i) 45 )5 R
il

Wilson 1 Willis ZEAbA TR [74] gt T —
T{E 3D T BN dEfs RN BRI A . 1X T
HARFR Ay InfraStructs, ‘& 2K A2 (THZ)FA 4 i A
2| 3D 4TEI, 7E 3D 0 LA FE bl b g5 S

Bk, Bl i AR A AT AR A5 IR o

InfraStructs 51 A T A7 2% 3% 55 Ak 2% 31 4 ik
Bo KFR2ZWEAN TS a4 28, IR
0.1THz 21| 10THz Ju [B /¥ LRG3, 3K RKMEAE 30um
FJ 3000um [l . e M L 2E 70 AR S I, B
ERM 4. KL X S, v 2E
VI8 WIGPPRL, Wk, 4Rk Akl a5, A,
XL X WA RHE 4.

ARG RGFEAR LA Bl 53 iR,
RO KM 2EDE, EAEPEAFIPPRER H ™ 2F
9B, mETHERGIL.

4}/\ Emitted Signal

(X}
(x|
i ) .
ﬂm» - ~v—!'—-—— Received Signal
THz Imaging ] ] Layered
Device Object

53 k2L G R g ALY

TE LA |, InfraStructs A1 3D FTENF Ak
BRI SIS, AR AT Pl kR 2%
AR B ARSI, ARG WE 54 iR,
AIRIA QTR : (@) dufid: Kebricfs B a4
GERIR RIS A it 3] 3D B, (b)) FTENHE
¥ ARc s B 3D AT E; (o) Kiff%%
ARG . R — SRR L BUE R G T bsid
G R AT BV R A (D MRS W BTAREIR
T 22 G AT AL B, £3 B ILh g & b ic A
5

& 54 InfraStructs R Z: el

ARG R W it 7414 T
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o
Kl 55 —4ibric s Bl
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LT F T 1 EURR 2 TR A 3518 J8 A5 5 A A SR HH R
2R, X MR MRS M, BRI AT RE 23 6
InfraStructs AR FIHE N BEH 52 .
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Kb AR — U S I NE H I T 20, B
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KA BLEFTHER, AR B H bRt &2t
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Background

3D printing has been one of the hottest topics in
the field of science and technology, which finds many
applications in every aspects of our life, including
architecture,  construction,  industrial  design,
automotive, aerospace, military, engineering, civil
engineering, dental and medical industries,
biotech(human tissue replacement), fashion, footwear,
jewelry, eyewear, education, geographic information
systems, food, and etc. 3D printing is a process of
making a three-dimensional solid object of virtually
any shape from a digital model. It is achieved using 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 Manufacturing and so on. It is
expected that the development of 3D printing
technology will lead the third industrial revolution
which will counter globalization, as end users will do
much of their own manufacturing rather than engage
in trade to buy products from other people and
corporations.

There are many efforts which have been devoted
to this area and gain a number of achievements in the
world. We expect to summarize these research efforts
and achievements in order to help researchers
understand the key technologies and keep up with the
main trends in these research areas.
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projects aim to provide better methods of geometry
processing in 3D printing. Our group has been
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