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(57) Abstract: An improved method for generating
halftone projection and a model for 3D printing, the
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tion image by using a project simulation method ac-
cording to a given three-dimensional model, a projec-
tion receiving surface and basic parameters of a light
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illuminance diagram; corresponding points in the illu-
minance diagram to the reference projection image;
normalizing to obtain a density graph by means of cal-
culation; using a Voronoi division method having ca-
pacity constraints to provide an optimal circle per-
mutation according to the density graph; and accord-
ing to the type of a hole as determined by the optimal
circular permutation, determining the corresponding
size and position of the hole as well as the direction
and angle of the light source, and generating a physical
model for 3D printing. By means of the present meth-
od, the light source transmits through the hole on the
model to form a continuous grayscale image which is
closest to the given grayscale image, and no obviously
visible discrete spot is present.

(57) THE:



WO 2017/156815 A1 WK 00T 000 T

84 BEHE GBHREHEY, EREG -Fal 400X CF, CG, CL CM, GA, GN, GQ, GW, KM, ML, MR, NE,
R 47): ARIPO (BW, GH, GM, KE, LR, LS, MW, MZ, SN, TD, TG).
NA, RW, SD, SL, ST, SZ, TZ, UG, ZM, ZW), KK V. AERAT
o S .
(AM, AZ, BY, KG, KZ, RU, TJ, TM), KKl (AL, AT, 0 Al R A5 21 3.

BE, BG, CH, CY, CZ, DE, DK, EE, ES, FL, FR, GB, GR, —
HR, HU, IE, IS, IT, LT, LU, LV, MC, MK, MT, NL, NO,
PL, PT, RO, RS, SE, SI, SK, SM, TR), OAPI (BF, BJ,

— G BT[] 3D T B GO B SRR A iR, IRAE AT R O = 4B BOR I LA AOE TR AR
24, FBREAINE, WHBEESHEE, kel R ERBEETRIE, FREN, SRERKES
oA RGN B, AT IH GBS, ITEAE R K, R AR L) R Voronoi XI5, AREE
WL AT IRAL R RS s ARGE AL R HEFU A o B FLIR SRR, e AR B2 AL B K/ o BRTAR XS S R 5 17 4
&, AR, AT 3D FTEL. AR AT, MOCREE AR B LIRS I BB TE S 4R e
KIZ B AT DES KR, TS B O A .



WO 2017/156815 PCT/CN2016/079176

A ek AR T 1R 3D AT B G R RO SRR AR A 1 T i

BRI

AR S P T 1) 3D T B (8 s SR AR i 7
BREAR

3D 4TE1 (3D Printing), MFrIMA#i& (Additive Manufacturing, AM), B JF i1
(Rapid Prototyping) %%, & FiltT B - HERUSE, RAMENEZ RN Gl L g E
TFHIHAR . 3D HTENTR A S8 e s, MRS Z bkl BB DL T2 S i N
AT R E RIARI = 4Eseth, &R T A e fL i .

A G R REG L, fFAEEGE. RESEREEE T ERGaRE, K
AR A 2 DA T AR AR ST RIURE [ % BEAG ¥, G CRT oo i R I 2 ik
TR HZARIFE OB, XM BB, RIS D — 2, G5 R A
MR/ IL BRI, R AN S, e SRR RHT BNl FH ek i ]
BASCECIRER T, FIRZ R O R RREOR, BE R,

PEER AR TS 2 N TS 040 E A S SR 0. o0/ T (R B,
BEMRRE, S RER S PR INR S W, Sl JLHFERRR R, HIL TR Z L0
AT DMRERIEIE B IAE R A B, B AR A AR tH T IR 2 A RL 6
PAHA

2, AT R U BB A S BOR, BT ) (92 B0 1 BB AR B3 4 52 IR )
2 2 1k

HIiE 59 CN201410420912.4 LRI, $&H-—FIT R 3D 4T EIH - (8 £S5 1 AR g
Jiik, iR LA E, RN, SRR BRI, JEEIN T RHEE M
I 2 o3 AR N AL, B 2 T E Rl T AT A R H2, HBSURBUR I BRAFAEA
B, BB

AR5 A R T 58 A AN TR B AR AT A A AR Bt B, I HLBR A 31 BE S S Y R B 5
KR, TR WATEBOCK R, RERAREEL T L] CN201410420912 4.

REFIF ORI A 3D FTEIUR, DG B F5E IR i G BEAE 4Lt ¢ 1
BB IR AR BT, A = 4 8] rh 050 AT BB E A P A I R B R R o sk T AT s



WO 2017/156815 PCT/CN2016/079176

PRAL VR AR ) TUATT S5 K45 30 45 A R DG RS BOR BAH SRR . I ADGZ AT 3 245 5 (h ¢
A SHE s N 7 T bz )
RANE

KRR T e LR R, SR E 3D T AR A A R S A AR Ty
e ARTTVENRE A s AT AR T AR = g SR A, R AT A S AR R R
AR RN, Ao AR R U EA ) A 5 LI, 23 A P A DR 2R LR R s 2 LR 5 5 R
IR JE AR B 8 s PEAN AR SR B (0 X I, A6 i i S LI AE B2 S BB R — R 5 45

KPS BB A I B K B AR

N T SEB ER B, ARRIERHT AR T %

— PRSI ] 3D 4T B R B SO A T, AR DB

(1) WIELSERN =R, B Ralim LUOCIR AR SH, MBI,
HiezE R /IG,

(2) K EMREEGHTRIE, SRR, 1R RN A SRS 5 B B,
BATIH— ARG, AR 30

(3)  FIHFEEFLIRN Voronoi RIITE, M R AT SR RHES;

(4)  ARIEEMIE T AR A, 1 A RLALIR B K/ Ar B AR R 6 U5 7] A
JZ, RIS, BET 3D £TE.

Pk BER (1) o, BEUERIUINER BAR T VA E:

(1-1) RGBT A mOGTE;

(1-2)  FEFEZHCI R X O R A e N BB i

(1-3)  ZEZSUEMAERER T, RS A s R S A8 5 1,

(1-4) SRR ISR S I HATIRIE, 13 BIF AR G K A

— 2, PR (1-4) PRIETENEE Gamma KIE.

Pk (1 o, RS E ERN BT e

(1-a) FE=4EREAY b % HEDIH 2 P 4T BNV SR A2 A d /N (R LR

(1-b) HHRFAENTTE, LB E BTN AREN T, ERRESEERL.

Bk DIR (1-a) h, 32 AT EIVE SRR I 2 =R 1 LR A AN /N T R BRI 4T
EREEAR t BERE FT BRI LR IR e /N 42, RIS, AL TR R B B AN /N Tz AT B AR AT 4T BN AL
{17 18] ) e /RS



WO 2017/156815 PCT/CN2016/079176

Pk BB (20 b, MTRARE - KEEE, HEERE, BRI PR

(2-D B g RZEE, iR 15 2 K,

(2-2) WT R AR — md, RS AR S IR e ) B ) = 4R R AR, MR
FPH SO B B AR A

(2-3) 5 JERZ 1A ot LR B bR (] AR S A RO AR, AT IH— LA 3R, 1535
&l

Frid B8 (3) b, R EERALIE S BAR A AR LU T A IR:

(3-1) MRIL%E IR RIS #2222 BB RIEA B0 2% R AE, &I Bir
RS

(3-2) M4 A B AR il = R A RIS R LR IEF 2 1 B B LR
Voronoi %I/ 4.

Pk b (4> b, BAKT A

(4-1) RIEASBN A 5 PL IEFZR (K Voronoi [X ISR Hxf B [BIHER, K Hxf B 1) 25 5 1K) [X.
s 22 B0 bR B B FLIR S AL 1% Voronoi XIS EE B AL 252

(4-2) MY5AT R Voronoi X IR HYFLIASEAL, 78 = AR 0f By B A irH B2 AL
o

Frid B8 (4-1) b, JHEERIALIFE AL 554 R R AL A AR AL AL o

B, Bt D (4-2) v, 35K Voronoi Xt B I FLIRIZE AU A K RIFLIR, ARk
JiiEN: fEi% Voronoi X I K W DTENRE — i/ h— D i E AT, #izW DR
ML O R BT SR AE = eSS R AR AT N R, 700 T P S ORI, 8
PN B G54 3% 42 A A0 3 T ROV 12 82 B azd R B LAR

B, Bt D (4-2) v, 35K Voronoi Xt B FLIFIZE A A MA L FLIR, A2k
Jii54: 4E1% Voronoi X KNI RIIRE — D4/ — D2 RN IE, /£ZAIEA
Mo —NFEHLIT R TBCE PN A0 2 AT AT B RO B/ MEID MTD, 73 144 Dy A1Dp 5 55
(77 BAE = 4R VAR R B N R T AT, 7 )8 RO A A M ], A — AN B
5 R N A0 2 AR (63 T Bz A 2R L o

AR A 7 R



WO 2017/156815 PCT/CN2016/079176

(1) ARRIFR - i SRR AR f v, 5 R EAR AP A B EH 0 B 3K
HES™ BB 62k

(2)  ARRUERIEER, FOLIREDEA EMFLIF B R 5 4 K
JE BRI IS K B R, o R 2 B OB Al L

(3) AR EH EHLI M) 3D 4T A s 2 3D FTENL R ERAR AL, STREA AN Ak e 1l
TR MR IMER B bRy B

(4> PSR, BT ZRER, ITRERSEZMIE.
b B e B

1 AR R R

] 2 R T T

K3 (ad ol 2 T 1 B A o B R A1 (K AL 4 Hk AT O 2R 71 B

K3 (b) NI BSARMINE RSB 2% K

K3 (o) Ahf RLASE bRamiiss 2 HE KA

Kl 4 J9d R AL FLIRAI TR A FLIRSEE ' 2 i A I

] 5 AR B 3 H s 1

] 6 Jydr R AL AL A AR Y AL A= R A b 1
RARSEH TR

T 45 A B I St o AR e AR B U

i 1 FrR, — R i 3D 4T BRI R R S AR A A T, AR DL T AP R

COOH P8 =4, B i SO (A7 B O/ B 240 i B il 72,
ARG S % K148,

(2) W TN —KERGE, HE5RESHEIEB,, THE—E%EEM,

(3) WREHEEM, RHHERELRN Voronoi %14 (CCVT) MI7iEHH &AL IRIHET;

(4) WA BT, A AR AL AR AL

P B8 (1), B TE, BARERELT PR,

(1-1) H 68 BN oMY IR L B A SR, » B SORIRL M il 8 e, =2,

(1-2) FEFFCHNCE W #5 X B BOR AT RN BUR BRI A, il 2 T i i



WO 2017/156815 PCT/CN2016/079176

(1-3) Wl 2, fEZFLEA (Jampshade) FBERIER T, THEREEZR S aiE -
KE,(p) 7

E,(p) = %= zcos(H)COS(B V(P L)

PR R p M R S BBEE, (p) AT AT 0GR B 12 sl B %R 5 BERE Bl . quniel 2 v, oAy
MpBDGIERL I BRRER RS, 6,716, Jitedk sip M, (1 ELEAN sip L ALEZRN, FIN, IR A1 V(p, 1)
Mp ML R R, BUAA 0 ARERAATI, BUEHN 1 ARA N,

(1-4) BEE RIS SRS R E, (p), i) Gamma 12 1E 43 B s 5 2 5 (.

I°(p) = g(E,(p)) = (E,(p)"", Hhg( )R Gamma KIEIEFE, JHF Gamma b 7y HX
HR 2.2,

Fid 28 (1, HERESEEE, AREREUN PR

(1-1) 7E=4ERE A B S HED 2 T 4T RS A /ML, i 3 (@) 7RIk
AL FT BV SR AT FR I e = 4R B LR B R AN T i FLIRAZ T EEBS AN T dyig o
Horft, rpin AR FTENBOARTIHT BVLIE 5 NI dopyg AT EDEE AR AT BN LR 1) (1)
B/ NERE o 90T AT B SR A e S HE B K AL A — AL AR 1 B FLIR 2 B R B d iy (4 B2
SR T RS, i 3 (@) ks

(1-2) B TNEE SRS FEE By, WK 3 (b). Kl 3 (c) AR SRR
AR R G . AR REFTINLIREM T, B3 HEIEB AT KASLIFR 2
BB ARAK AR o SN BT e XA 2 B AT By, HREHEF T KAALIA: 28T
NG s X IR 2 AR T By, W75 SEHE DR 22 AL o

Pk B8 (2>, W THRANRAE— KRB, HREEEM, AN PR

(2-1) KA R ERG, Wit Gamma £ IEFS R 6T K B B — 2

pCe MK (p(x,y)), $ESHBEE,(p) = g7t (I'(p)), Hrbg ()N Gamma £ IFiL 2.

(2-2) W THEEINEE— Splx,y), HXREFRGTIEENE, (p). NIEFIFESTEE, (p),
£ p (o, y)0F L= HERE AR BN K, ATE, (p) = KE) (p(x, ¥)) o HoH, ED (x, y) A sip(x, y)
FERA A = 4R AR S 0 T LS R R EY (x, y) = Zl 2 5 cos(6;)cos(6,)e KER M
p(x, y) X B = HERE AL LD R I3, K = Area(unoccluded) /Area(Cell) . Tl ¥ KRR Arif]



WO 2017/156815 PCT/CN2016/079176

pREOE R W 4, rNIERTE N ERR NI, 1 AT ELI R BN dipin N
AT ENPR-FL ) B e /N R
1 (p(x, ) = Bo(p(x, ), TEHIT KEALF, A
(r — 0.5d;n )?
2+/3r2 '
1 (p(%, ) < Bo(p(x,y)), T BHFIMIRALIF, £

K(r) =

2 —1{_d \_ 2 _ g2
Yiin €OS (r - ) d frpm, —d
min

V3r?
A, W THEE L Sp(x,y), NIARIE,(p), EE KATIRET A Ar. ri

YRR [ A R K N PTIRIB AR, AR R BRI 0 L [B ) 42 A, A s U

ARRAT B 24, B Sip (o, ) X N = A b B B8 1 AR 5 242 R B 15 ) T AR A

.
£y

K(r) = ,,ﬁ\:':':‘d =Y —Tmin — O-Sdmin-

(2-3) MW THEE Ehp(x,y), HAMAMNPBERERE EEYE A, & X ap(x, y)ab%
Ep, (x,v) = 152, &idH—k, HR%EEM.

Prid b (30 b, iHEEREES, BRGNP

(3-1) THHEAEARBENUN = pNo/pos FoHp, I FEEIM I BN A, po By
FUNEIEME, NoNBEANEL

(3-2) g B MR B AR, JERLIE AT de Goes fJ7VATHE. CCVT. fE45 R CCVT
[R) 44~ Voronoi X H i 5 H e ok W VT IRIA3 21— AR HEF o X T-HEA4> Voronoi Xk,  Howk
B LM —RIXH, 2 X i st LA A, BB E % XIS TR R K/ H A
SEZIX A R A DT B 2 A ik B HHEE R R /e BAEARBEIAN BNy 5, s R AR
RN AR ERAZ A CCVT. W&l 5, 5(a) WA KIEEEIG, 5(b) X R EEM, 5%
de Goes [T HAF RN CCVT, 5(d) Al HEAR B AR E HER .

Bk 598 (4) v, e A0 RLALIR B K0S, Ar BATAE R IR 1) £ B, BARELEE DL AP IR

(4-1) HBIR 3 A[fFIA R IERAZE A CCVT e Hont B2 RIS . 5 1 M AT — 0 5%
S BB AR py, (x, y) BRI FLIR SR, KRB AL B R A L o T2
Voronoi X Ik, Hotf 7 ity 25 152 ] ) J e [X g, 412 X3 22 2 s 2R i R LR S8 AL D% Voronoi
X 30T S LI R S8



WO 2017/156815 PCT/CN2016/079176

(4-2) Wkl 6 Frx, #%E Voronoi XS0 2 HFLIRSE AL Jd KA LIk, 1% Voronoi [X 2k
(M KNI D, D PRI AN/ PR EIID, %48 N0.5d pn, - H5D HL
ORI T7 B AE = e AR R AP R AT A R0, 43 0l T P AR A O ], A — A
VG| T/ 25 ALy e P 0 3 T AR BT e izd KB AL
(4-3) I 6 fiaR, #i34k Voronoi XAt B2 FLIFZE AU AMANELFLIE, 7ED 1% — A FEHL
77 AN BUCE PN A2 2 P T BN (9 e/ EIDy FTD, , 43 7iPH% Dy RID d i v o P 1 7 U s
FE=YESORIE R N R AN R, 0 P ASRIMR B A — A R TR 4 A i 4
G T ROV I T2 1 i s 2 LTI
A AR S, AT IEOZAB B3 4T 3D T EN. 4T B 3 A n] U5 %E
TEAEAY b B FLIR AE RS B BT R -5 ™ 45 8 K B2 MR Bt R 82 IR P AR
bR IR A B DR AR A B B B St g aUBEAT 1A, B AR AR RSP VS R
i, PRSI AR N R RZ A, AR G b, ARSI ARN AT EZ AT
t B3 1k 5 3 R AT A % A D B AR T AT 7E A A BH B R 4P Y R LAY



WO 2017/156815 S 4 PCT/CN2016/079176
BRI EER S

v T APEHERE ) 3D FTENRYE I R SR A R, RS B DU AP ER:

(1) HRESER=Z4EEM, BeRlOE ORI EA S, PSRRI %, it
RIS KR,

(2) B4 ERREZERGHATRIE, SR EE, B REEN S5 8RES % BB R
BEATIH— AL SRS, A B

(3)  FHHEFELWRN Voronoi M7 77k, 4% E BT BALRHR

(4)  HRAE SR IR 8 5 RO AL 22, 1 8 AH S AL R DR /0N o S B AR A DY s 1) A4
B, AERAHERA, #EAT 3D $TH.

2. WIBCRIER 1 TR I — R Odh (R =) 3D FTERIK - (i e S AR A A R 7 vk, HORRAE

se: R (D b, BOSERINER BAR T AR
(1-1)  ROLEBE B T ROGIR;
(1-2)  FESREEARSCI B B0 X 0 BOR B 4 A RO Y
(1-3)  AEZAUERAEEIER T, tH SRR SO B S SRS IR
(1-4)  WHEECHRUCRS RS I TR, 13 BB R K R AE .

3+ WIBURIZER 2 Frk i — R gt i T ) 3D 4T B (i e S AR R A pl 7 v, HURRAE
ie: FTABER (1-4) PR IEENIER Gamma £ E.

4 WIBURIEER 1 TR —Riec 3k (T 7] 3D $T BN i B SR A 757k, HLARFAIE
e R PR (D b, HEBRESHRGREARTNEASE.

(1-a) fE=YEARAY b L% HEDWE 2 P 4T ENPESAT A2 /N B AL
(1-b) fEHBEEEM %, LIS R B P RARSEM T, ElfESERE.

5. WIBURFIZER 1 AR i — R ot i ) 3D 4T B i e SRR A 7k, HURRAE
se: PR ER (1-a) b, W2 rHT EIVES AR IO & =408 ERGSLIR RSB A N T PR EI4T
BN AR 8RS T EN AL B B N4, A, FLIRLZ TR A ER B AN AN Tz A T ERE R AT 4T BN AL
I ) ) e /N RS

6+ WIBCRIER 1 iR 6 — R Odh (R T =) 3D FTERIK - (i e SR B A R 7 vk, HRRAE
e AR (2 b, W TRARE KRR, HEEEE, BRGNP

(2-D B g RZEE, iR 15 2 K,
(2-2) X THEFE I AGEE— a0, AR LR S 2 B0 e 0 B ) = ZE R A A 2, IR
FPH SO B B AR A



WO 2017/156815 PCT/CN2016/079176

(2-3) R HE R R o6 RER B AR B AR WU A RLEE AR, BEAT A — AL TR, 153305 5
K.

7 GIBCRIEER 1 B 09— Fi gt FO T 7] 3D 4T BN e A e S A AR B v, HORRAE
se: JABER (3 b, AR IR R BARTE RS LT AP IR

(3-1) WR4E% R BN LEAE . #5225 BGRMRAZOm R E, R E R
[

(3-2) M2 B A B AR A2, it — 8 R AR IR B AL B IE R R A B AW
Voronoi %43

8. MIBUFIZIR 1 B i Fh sk (0 T 0 3D 4T B - i BER S R AR i, HLRRAE
fe: FridAIR (4 H, BARTTIAAEE.

(4-1) WIS B AL IE B2 1K Voronoi [XIBRN ot B2 [BIHER, 4 Hox 2 (1 35 1 1 (X
s 22 MR I RO FLIF R R 2% Voronoi [X 48 2R A FLIAI Y

(4-2) HRIE R Voronoi X IHHHEE (FLIRSE AL, 78 H =GR 0] BT B A= A B
1.

9. WIBUAIER 8 BTk i) —Fhis sk T 10 3D FT BP0 (R H i SR A e vk, JLAFAIE
se: PrkABIR (4-2) v, 35 HE Voronoi XSO S HFLIRISE A Ay KA LI, A5 fE
% Voronoi XIB [ K WU BB — DN — D2 R RN IR, iz A YD BE R 0 4
ST BGEAE Z e R 4 R TR N R, 43 5T e A A A RORRIRL, A — AN R
TR 45 A6 32 e A A 3 1 AR LT i KB AL

10 WIBCFIZER 8 Frid (i — Ak (T 21 3D 4T BV W 2 (i B SRR A il g vk, HoAs
ik Pk DER (4-2) f, 2 Voronoi DX B2 K LR 282 Sy R 24 AL, A 7 V200

f£i% Voronoi XIF i K N DB & — D Aa/ b — DML s N IR, Az A TR R

LT 1 BB TN 2 P95 2 ATHT ED 4 PF B 35/ NEID, FID, 43 54D AID T e 0 B 17 42
BAAE =R (0 N RSN R, 4 U T A FOMR L, 88 1A B R T M e
P A T £ O P 7L«



WO 2017/156815 PCT/CN2016/079176

AL H

b m—

i TARN T ARIERRIT o i) 2 M.

\4
T A7 I HE %)
v
i s FLSTE B
v
SR £
K1
EZiR: bt _

Tt

K2

1/3
BT (ZHN%265%)



PCT/CN2016/079176

WO 2017/156815

SOOEOABMMANGE S
T XN R R NN W Y N
POOPRPFnaNNS LY
R X X N W W W W W WY
F Al ol ol BT T S N W W W
E A Akl NI N W W Y
T o A T ala B T T Y W W W
C OO S SNy ana

e £ £ ¢ O

£ L £ F
-~ 5 4 v ,Wﬁ.

LA ]

TH

S8 rp A Y
L X i PRI

LT L.
& g . L

3 (a)

&

3 (o)

K3 (b)) K

2/3

BT (ZHN%265%)



WO 2017/156815 PCT/CN2016/079176

4,'?"1“‘!!\

P
ﬂ"'dmm

S
/

Ty e T

'~
Nm,

f4 s
EZ{RLRY I
l b 2
""" e RERE
A
{ Al‘] ‘} [ S 2R% o
o
-
\ o
. RERR

I% 6

3/3

BT (ZHN%265%)



International application No.

INTERNATIONAL SEARCH REPORT PCT/CN2016/079176

A. CLASSIFICATION OF SUBJECT MATTER

GO6T 17/30 (2006.01) i
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO6T

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNPAT, CNKI, WPI, EPODOC, google scholar: shandong university, 1v lin, zhao haisen, chen baoquan, voronoi, 3D print+, half w ton+,

grayscale, continu+, hole?, circle, pore, tube?, project+

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X [ZHAO, Haisen et al., “Printed Perforated Lampshades for Continuous Projective Images” 1,4,5
arXiv e-prints Abstract Service, 31 October 2015 (31.05.2015), the abstract

A CN 105023296 A (SHANDONG UNIVERSITY) 04 November 2015 (04.11.2015) the whole 1-10
document

A CN 103978690 A (SHANDONG UNIVERSITY) 13 August 2014 (13.08.2014) the whole 1-10
document

A US 2011075944 AL (YUAN, XIAORU et al.) 31 March 2011 (31.03.2011) the whole 1-10
document

A ILIANG, Guanghui et al. “Poisson disk sampling through disk packing” Computational Visual 1-10
IMedia, volume 1, number 1, 31 March 2015 (31.03.2015) the whole document

X Further documents are listed in the continuation of Box C.

X See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not

considered to be of particular relevance

“E” earlier application or patent but published on or after the
international filing date

“L”  document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or

other means

“P” document published prior to the international filing date
but later than the priority date claimed

“T” later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

“X” document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to involve
an inventive step when the document is taken alone

“Y” document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such
documents, such combination being obvious to a person

skilled in the art

“&”document member of the same patent family

Date of the actual completion of the international search

10 November 2016

Date of mailing of the international search report

24 November 2016

IName and mailing address of the ISA
State Intellectual Property Office of the P. R. China
No. 6, Xitucheng Road, Jimengiao
Haidian District, Beijing 100088, China

[Facsimile No. (86-10) 62019451

Authorized officer

ZHANG, Ranxi
Telephone No. (86-10) 62413555

Form PCT/ISA /210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

PCT/CN2016/079176
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A LU, Lin et al., “Build-to-Last:Strength to Weight 3D printed Objects” ACM Transaction on 1-10

Graphics, volume 33, number 4, 31 July 2014 (31.07.2014) the whole document

Form PCT/ISA /210 (continuation of second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CN2016/079176

Patent Documents referred

in the Report Publication Date Patent Family Publication Date
CN 105023296 A 04 November 2015 None
CN 103978690 A 13 August 2014 CN 103978690 B 11 May 2016
US 2011075944 Al 31 March 2011 US 2013223746 Al 29 August 2013
US 8687908 B2 01 April 2014
US 8433150 B2 30 April 2013

Form PCT/ISA /210 (patent family annex) (July 2009)




[ P i & [ H 5
PCT/CN2016/079176

A. FR 2R
GO6T 17/30(2006. 01) i

FEIR EFR %R 7328 (TPC) B [ I 42 i [ 28 79 SR RN TPC P f 732

B. o ZR AT

B3R R AR PR B SCRR (BRI 2 R ARG 355)
GO6T

AL RS Z AT (93 Fo 1 PR SCHR A A O B SRR

e[ Pk R I & 10 7 S e e s AR, eIk aa CnfE D )

CNPAT; CNKI; WPI; EPODOC; google scholar: iK%, BEHk, B, FREAL, 3DITEN, PEIHE, Kby, &4,
&, FLWE, voronoi, %, 3D print+, half w ton+, grayscale, continu+, hole?, circle, pore?, tube?,

projectt.
C. AHIE A
¥ Ry SIHCE, WER, FEHMECRE eI
X ZHAO, Haisen et al. ”Printed Perforated Lampshades for Continuous 1, 4-5
Projective Images”
arXiv e—prints Abstract Service, 20154F 107 31H (2015 - 10 - 31),
_____________________ e
A CN 105023296 A (ILZEK%) 20154F 11H 4H (2015 - 11 - 04) 1-10
2L
A CN 103978690 A (ILZFEK%) 20144 8H 13H (2014 - 08 - 13) 1-10
2L
A US 2011075944 A1 (YUAN, XIAORUZE) 20114 3H 31H (2011 - 03 - 31) 1-10
2L
A LIANG, Guanghui et al. “Poisson disk sampling through disk packing” 1-10
Computational Visual Media, 251%%, ZB1H, 20154 3H 31H (2015 - 03 - 31),
2L
/]34 sereck o sest b, ISR
*  gIFSCHE RS, “17 EREHEERHZ B AT, SHEAAHM, (B4 T g
O . _ . . . KR B s R T 5 SO
“A7 WHARERRAERHIFR R T LA B AR — R &R S0 s . s g
“x” FERAESSH SO, B ERESCHE, WEER R REAE
“g” fEEFFHIEH B S RE B AT FEE T : BN B B Q) IE S 8 ’ *
“1» A RERTAR KA R I SOE, B E 5 — v “y” RERIAEREI SO, MBS S REE 2R BRI G
: %%%%%%%%E%gﬁéégﬁg%?%%iﬁ?%ﬁﬁ %gﬁggggﬁ%@&*Aﬁw&m;mw?ﬁxﬁﬁaﬁ
il : A =y

“0” WRAKATE AL RREEAIT A TR “&” [FRRERBSCH
“pr AT H ST E xR E BEIE T AT SR S H RS0

= Fris: 2 SEFroe s 3 #A = P 2 5 1E 25 H A
20164F 1145 10H 20164F 1173 24H
TSA/CNF) 42 Fr 0 25 Hu bk ZHE R
HrAE A RILFAE E 5K 50iR = AUR (ISA/CN) e ok 4
R AL T e XA 1A A L 3k 65 100088
fEESE (86-10) 62019451 HiE 515 (86-10) 62413555

% PCT/ISA/210 (Z5271) (2009%7H)



B Ry RS
PCT/CN2016/079176
C. FHFRSCAF
¥ Ry SIHSC, LER, feMHERRE eI
A LU, Lin et al. ”“Build-to-Last:Strength to Weight 3D printed Objects” 1-10
ACM Transaction on Graphics, 35333, 848§, 20144 7H 31H (2014 - 07 - 31),
2L

% PCT/ISA/210 (Z5271) (2009%7H)




P R [ 1 3 5
KT AR EFIIE B

PCT/CN2016/079176
K2 3 B & SO Pl Rl 7l Pl
CN 105023296 A 20154 11H 4H T
----- CN 103978690 A 2014f|58ﬁ 13H CN 103978690 B 2016£|55H 11H
----- us ""-5(-)11075944 Al 2011£|53H 31H US 2013223746 Al 2013f|58ﬁ 29H
us 8687908 B2 20144 4H 1H
us 8433150 B2 20134 47 30H

3R PCT/TSA/210 (RIGEERIFHE) (200947 H)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - wo-search-report
	Page 16 - wo-search-report
	Page 17 - wo-search-report
	Page 18 - wo-search-report
	Page 19 - wo-search-report
	Page 20 - wo-search-report

