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Abstract: To improve the printing efficiency of three-dimensional model of 3D printing technology and
reduce the cost of printing materials and shorten printing time, a kind of global optimal model seg-
mentation and packaging algorithm was proposed. Firstly, the model given was segmented into sever-
al blocks with the shape of pyramid. Then, the advantages of a kind of improved taboo search algo-
rithm was taken to search for the optimal packaging scheme, and the volume of backing materials were
reduced as far as possible. According to the volume of blocks, the initial solution which is beneficial to
global optimization was provided, and by controlling neighborhood generative rule and candidate solu-
tion, the search was more efficient and the speed of optimization searching was sharply improved. Fi-
nally, various components formed by printing were compounded into the entirety. The experimental
results indicate that for generated packaging scheme, the printing time with 14% — 38% is saved,
while the printing materials with 21% —46% are also saved. From the model segmentation by this
method, there is few number of blocks caused, efficient and reasonable packages, which not only a-

vailably improves printing efficiency but also reduces printing time and backing materials consump-
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Fig.1 Flowchart of proposed algorithm
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Fig. 2 Definition of pyramidal shape

SCRRCT TR 53k B ST e 2 P R 8 o -+ 4

AN A A BRI T 1 U R A R R ) 3 B
K X s o3 Bk — 20 G IR IE o TRt 4 IR AR
B i e 30 A A RR B A S IR RSB S A X B O i
J7 58 XAk 1 G B BT AE

L4 7 85 J IR A g ] R4k B ) BE AR H2 AR ] LA
BB T DR O 2 IR RS 2 P Y X — ekl
A A TR AT G 7 AR, IR
Az B o BB b L T L AR AT L 2 R S AR IR
AR, A&l 3 frzis o it oh 4 735 IR A DLIE
J7 13T BRI AN 5 2 5243 L 3 — e A 2 el /D T

Mﬂ’“ﬂrﬁ%
k-

() 4 e TR (b) 7 AFHIEAR
(a) Four pyramidal shapes (b) Seven box shapes
B3 WRRAS [RTROIR A W4T 6 0 %8
Fig. 3  Packing solutions formed by two kinds of
different shapes

3.2 SBITEARER

Zend R RR TR BB A R A T B A
AT AME TRy 4y e, Tk AT, Bk, R
TAE 4 R4 F 2 ) B HA R AE T A3 e AT A, AR S
B R BB, SRIG . A BV IR 4T 4
JEA 4 FAE i R i . e . 8 R etk 1Y
AR R A S AT )T A AT R R
RS/ NISEAR TN T

Mo RE-MT LA BREL. EN—
ASVIUE AT AT R R AR AR AT I R R
R ORI R RELERES . 2E1EE
SR R, LRI A AT A — AR
AR R BRI A0 4 F A ) i S TR 0



1442 e KE TR

5 24 &

b DI i — ol e S5 Jy 4 2R B ) 19 42 kAR
PRFEE: . AT DL R i e 45 DL AR TR . X T N
A =GR SEAR SR Y, 51 2 BT A HE AT 56 R R T BE
8 A SORE 0 BRAT A0 AR g R O R 5 Fe A
FERACATAF 1,

AL AR T8 2% 70 B % M AT (1 —
i o AT 20 B4 AR 2 55 4T B[] [ I {75 24>
SyHen] LR — R g AT ED Y . g B AT AR
A CATERAME AT, X T O AT 5 308 i)
FIAL D75 SO IR Z g HE” . AR SCE AT T %
(4 Jay HAR T A AT AL 00 B RO 7E T 45 SCHER R
FE B a5 /N HOME A B G R BUAR B S AT ED L TAE 25
R, B AT A AR 7 R

f(P)=argminV,,
s. L Sie=<S,, (D
Hyi. << Hp.

SR A AR BN Ry R HE, b VR
I8 AT BV 5 1 S 45 25 4 1A BR AR SR AR 2R A A
BB DK Ve, SucS S, AR dESRE B 7 n] 05
T AR LA S AT ENALAE £ 9 AR, Hye 5 Hp BEHERY
o B DL R AT BRI AR 255 [ i e B

TR L T
X Bl

A BBk AHE

AR SR FHRERITEIF I M S B, %
HE U B0 4 0 % 43 e 38 4 % 42 I R DL 3. 2.
1) R FEMN 2 ALl T e 2 07 i xk . B B AE T
T s A AL B 4k B A S B ) B A R OO A
fifi 45 4 o3 P ) 2 1 10 B2 B S /) o X BT A 43
P AT X B2 AT A HE S5 L oK S S R AR AR,
DL WA [/ 4T 6 57 90 4 45 76 4% e L )7
G IR B A5 3 T BAR AT %
3.2.1  xFEma

3 Ao AR 0 AT AL A S5 e 5 A R
L WK 4 PR, B BT A o AT A e . X
DR R T #8343 Je i 5 A % 2l e % 77 =X T
55O AT A A T G b B R 4

X T AP 1 o3 BB A $i BT X 54
ST X K X T RS A P Y 2
SrHeny 6 A LB LA KOsk B AN AT 5 A T )
(22 A7 BT R B I . 78 X 42 ot A2
rh R BE T 3% 75 43 B RN M o 0 2 00 125 46 oy D
TC [ia) 700 A AT A R, X A 2 Y S X A R 3 A Ak 3
49 D R A D X 0 4 A 2 R B ek vy, AN R T )
R fi TR

SRR S A

HETHIA

B4 drdeoxd 3m iR &2 &
Fig. 4 Sketch map of docking test

3.2.2 kAT &I

F T AR R RS — A 0 Bl A7 X A T 3T
s A I 73 ORI 3T P 0 e 2% B9 9T 41 7 98 5%
MAAR A o AR SCHR ) — b Bt ) 55 4 R B30 1 X i
23 () CHT A P SR ) BEAT PR 2 3 2 5 s (D)
¥ P 31 o o 24 4 2 A5 BRI AE 9% 20 AT B I J f)
ITHIr%.

TEAS R R e b, 7 A — B P41
AR AR B PP 9 T A A 3 B Y e AL 1AL
B WY ) R g B B RS DU 3 A RS B
ITA A B A FEAT — 22 50 9 0 F 003, X6 2 0 387
AR BT 5 CF 5% A ST 4R 5] — 4~

IrYATALAME S | HE ) SCHE S5 M R B B /N 1 7% 8
JrEE . HbE ST O R (2) KB A By i
%),
nCmove) =arg min(V (P~ part)), (2)

X move RIRFE S 7 % P R AT WIE K
MIHE, part J SHTRFFTAL 53 B, V(P4 parD £
ARG HUMAME TS HE 1Y SRR W 2 R
R PR EIWE SR LN 2o R
3.3 ISEZFERBMATMRL

XFF A Bk UG, BT AT R D 51
RHAEFIER LS LA n! FHESIAHE.
S TR AR F 2 O R (D) [ 4y B T A AR



56 3 B[ 42, 25 3D FTEN A A9 A7 73 1 5 4T 40 1443
SRR MR A R R AL AR RAL SMNAR, EEA RSB0 MREORT .

(Tabu Search Algorithm, TS)™, i1 6 B T2 bt
Bt Fred Glover (4% T 1986 4E £ i, & /& —F
WS & A R AL AT DLk b AR R L R
BEXT 4 SR Ak 1) - 23 A5 5

AR AR AR N — D WIR T IR X
T Y AR SR AT 98 R T G L B B AR = 3R (Tabu
lisOFF i C 8 R o 1y Jmy & e O i TE IS 248 R

TR b 3R T (IR 28 %60 4% 1) A5 s R BT AL Y
R R E A BIFES R B rp A R AR R R P ik
fifE o DU ) O B B8 S 9 O T e A 45 > A .
b B A BRI Caspiration criterion, R $E A1
YEND 24 i S ik OO0 T e 0 i AELIZ A A S e
A A D S o A

3 ok S B N v B 08 43 B B 0 46 i X
VR PR RE 2 el AR K, 28 B AR S 4 2R 05 1 il i LA
— D BEBL ) LR VS T 06 2 BE ALY 0 46 A 4
2, W45 By [ A48 R [R] TCHC X T — 22 57 TR i 2
HACAL ), £E 23R R B B il . W T = 4R A
AR F T T i ok 156 8 2 ok i LA O 432 I 34 Ohy 7
J¥ o G B ) 46 % X0 T 48 2% I T) 1 9 48 A > AT 0,
A SCARAE 53 B A B R BN A i — S0 IR TP 8
RO S HE AR AR OR By o e, # R 3. 2. 1 1 BT
iR T 50 AT 8 A R I AR GO 5 B T A
JrgE. AOIWITR R 4 A psopas
s s o ST BAR B 0 K 2/ B9 WY HES) A { py s
Dos by s Pi b s SR H5 BRP I XoF 43 B S5 it %o 42 00
BT AMSE R B (2) 852 B4 3 B e 4R
F sl Jr 3,4 Ao BRIAT L AHEJS L AT LLSK 75 8 K
SR, Bl A BRI T S0 prs pos pss
Da VA KL I R N7 1) S 7 S5 A AR, DL R 54 R
WREEWIHR,

EERRE S AR IE R AR
HAE R I A — A28 B X 4 . Bl & 3% A0 09 A B 2k
1, AR SRR HLA T 2R S0 SO AR, e R
& ISYUPOE A L L1 QR S )
LR SR P OTR , FEALEE =R R B R
(i AL | H bR R A . 7S S R R
rh xR TR AR SR 4 3R B — B B 1 R 1Y i A [R]
SR, BERIROKEUR ISR
JE B R O TR R RE R AR K L A R K
1 R By S BB A R SR DG AL A BE L B8 R AE L
MR Z B 2z R KK, W R B

o ASCHE U, AR AR S A AE D, s 2 % S R
A0 SRR T2 D) 2 U o R A e B TR AR A — B
it s HLAR T 2090 S5 0 dee D0 g BV 07 Ak i 25 i R
B8 1k FVEATY AR S R AR A SR AR AL R A
RE RO U A ) T S B A R A AL

T AT TS Bk R E R

stepl: SR E VIR IT A, EAR SR N A 5

step2 : A= AR T M S J Bl 2 A 1 R 08 (T DL
3.4);

step3 « $4 i 00 HE 442 1 SR W DA b 3R 4 Ao £ 2 o
8 WU 5 - 9 R A 8 4 5

stepd : PG BB Hh 8 4 11 J B8 B A0 41 5

stepd : G LT A AR AE = ML FE1% 7 51 5 45
TS R A B A Y AT 4 A B A
D DA 58 B v 3 5 AL 19 oK B A s 1 4 5 A

P 9 B AE = AR T 21 A2 SRy e AL D) S 42 Ry
R LA 5

stepb: BHIZE R F;

step? : AW L BB S5 (R 10 W%
DE A T A S BT L 2 W A2 U g o e O A 2 IR
25 5 AN A, DU s i 128 4 4 ) SR e At o T T4
KL HEZRE =0 MR, AR ERILA
1R
3.4 EPHERMSEERIERE

TE TS H L BR T R G R Ah ik i 1 S 4
T R 5 U R WA RS 1 B Ay, iR R
W 2B T — 2D R T i i AR, LB R
) AR 4 ik 5 53 BACAE 2R ) 6T v R 48 R A i S (]
HEATIE R o] LUK R & e e iR 28 O S B4
JR B A BE T A . A B A A b 5 3 T o O
AL DU PR B S 4 Jmy e DA I S BE . A S ot
Xof I8 358 A= U AR DU A A 35 e B ) 4 ] CIN L 5 o)
A4 R 5 b M 5 23 BOvE A B . A B R
AR

(1) X208 358 11 42 ol

AR SN SR I 43 Ry T A 4R P S SR 22 A
R, 7 ol &0 d 43 i T AR bR R A BV A R
A TP PR SR I ph A A A B AT AN na S
PATAL 7 50 AR B — AN 43 B 4 A B4 n—1
AP G K A5 S A5 A R R B K B b 1 ) 4
T B A v P AR Sl e BRI ) 20 R TR 1Y
w1 AN BRAAE R n DF . 2R AR R



1444 e KE TR

5 24 &

b IR NIHEZ R
DL e BT HEIHE LAafE
Y Y
i AL B BIL 22 A
ERCRlisle ] EZEaE e
R T
Fapfor e

Bl5 BE R RS

Fig. 5 Balanced search strategy

FHREPLIE 7= A2 BRI BEAL A #3511 A~ o0 B 2B
JI T AR R 1 A DX

(2 3 fis 2 firp 2 1) 42 o

e T A B S b 3 P Ao 48 b Y B — A i 1
B AL i B 1) DR/ X A A RE A S R AR K L e
fifp J o /N T i 4 R o B, R N R B R
(NI PO NI 5 VN (LS S u R L A & T U E A
A8 v 18 RO, JH A v P 48 dek v i) B 12 7 91 2
IR AR L — P AT R . TR R X
AT T TR RSO E N 4 VO RE.
IR AT H& 2 T A Ak 0 S AT 20 BICH R SR %
e fifp 4 Hh 22 B AR B A BE HILY 51 28

T 3 T P8 A iR ) DA R g i i A ) 4 o
AR R AR h, BT L g e, n] LA
X2 fifk 1) B v P AT S R AT T R O PR, DL B
PR S SR PRIk B 4 Ry B A 5 24 A — 7 A )
DAL £ J5 B 9 A A5 B 4R e I AT LM 3 X A X
SRR AR o b AR SRS T LR HI5 A 14 5 B 2l 25 ik
BRI DA e B L TS A 5 23 B
PEAR A B P 2 — .

4 ZRUERL5 5

4.1 HEETELERE5ITHNER

Bl C+ + 2B, 6 432 47 R85 R Inter
(R) Core(TM) i5@2. 80GHz &b H#% . 4GB N 17
(1) PC AL, ASCIEIR T 4T A5 R LA SAT BD A .
i & T FDM £ AR i) MakerBot(R) Replicator
X2 FTERHLATFT AL I8 B HEE AT HT B L FTED A B
ABS W5 JZIE N 0.2 mm, 3T EIHLIE Sk 47 4 2
9120 mm/s, ME 3k 25 B Bl 150 mm/s, X TS

BIEHIT SO E R R KR 3 ik
KRR A5 B8 47 4 WA PR 9 A 4% 2 54 A 0
SAT B R W E 10 WKAE PR A BRI
M2k, W TAEZS | LLIE T B AR & 2
WK L=1.618 « Viiu . e RN THE TS
FCABSR VL HEAT X LA 5, IR T R i i A
o E R Y,

AR B SR AR KNS e S 4 R PR R
PN HE SR AR R i rp o R WE TR
)AL, 3 2k o B A5 200, 8 A o B 2RO
B 2 A S KRR /0N TR R AR AR P (R 4
RED IR, R Z W R R ET K A
8 fin iz B8 s B] T EL RN BRSO R 0 BT, e AR
SKEER 3, Al Bk B AT i ) 5 A 0 T A 2 ]
IUARAR 4 1) SF- i . X T 19 F B RL CAn &1 6 Ca) Jir
) KU A AR S BRI 4, AT AL 5 SR AE M
BHFE B 15 4T BB 18] 7 10 A ok 35 AR B 3L R Bk
BATIFIE] Ry 92 s, AR RN 3 I HFF 65 s,
TR Ay He AN RO 20 ANIE B FHSh A2k 2 5
BOE YGRS SR . S T 0 8 R [A] e 3 ]
FE2 A5 35 42 1 AT BB 1Y) /I o RS2 38 2 4 2 /N SO
SO R RS, g0 F I e B e R R
4 BT EE e R G  HAE RACHAR /I

ARICHEICT 3 AR R SE A ] 2 A 55 4
(RS FCHL R ) HEAT LI X e, K 6 R TR
RUJFRD Ay EN G50 FTAEs R ATEN S S, K 6
(a) G FREAL, i TR - S IR,
RIS s AT AR e . TP AR T AL SR A D
B YU B AN Y SO B R T AT SR
I 548 T 14 % AT ER BT[], b 4h B T 6% 1
(PR A TR 5 3 A %) 4 ik T ARUR /D, DR 4 0 AR
SRBEAN . WA S B AR B —Fh T LUK & IR
ARAOE R AR BT 5 SCBRL2 32 3 Y 562 29 o 4208
JE 2T b 45 A R 4 B R

Bl 6(h) Frn i) RALBS BB 0 T 6 B, 34K
FTENEFE] A 50 min 98070 T 39 min, T EFAT LA
JRAM 13,71 g W/ E T 9.87 g, WA T 28%.
11 5L 20 Hgt i S i T AT ERHE A A T S 1
Ab SRR B PF S RORIF . A IE 6 (o) iR, 57 1
RY () 53 Y HE T T 58 AN 55 BEA AN 0 SCHE A BRI AT AT
BB, 548 B AT ED AL RE RN I 8] B 22, A et
Lo T AT ERROR 1Y % JE , A SC A LT B s
(] FURA A HE 9% 6 A T T A O B8 IR AT VE AL B



5 6 0]

WK [ 4, 45 . 3D AT B BB RY 3 1 5 4T 41 1445

i [ 25 T SR As AT I A e B TR AR &

(a) RGF L7

(a) Dove model

R S

(b) "®HLBIAY
(b) Plane model

55

BUNFE 1R,

(o) T HR
(c¢) Table model
Bl 6 AT AR 5T E A
Fig. 6 Model packing results and finished products

F1 TR ESHRFER

Tab.1 Printing time and material cost

R JEER AT ER THJEAT J i 1R ITREME BT s MR s Bikefy
Eis fif ] EJ R} 18] FEZE /g FETR /g /D OD K i H] /s
#F 8 h49 min 7 h 35 min 140. 55 111. 15 14 21 11 65
AL 50 min 39 min 13.71 9.87 22 28 6 18
£F 5h12min 3 h 16 min 85. 75 45. 90 38 46 4 32

XF T bRAR 3 AR AR SCH i MO [ R
T T ATEVRORE S FT B A R B T Rk 8 Al
FPPEFIAT R . SEBRAT BN A v, 3 A JL R A Y
JIt i A PR RRAR 2 74T 40 B A BT o AR 2 1) g L
F5 AW AT A0 7 58 19 A 25 () 5 R JRL R A A K
ZIN U RT R — 20 A T B[] 5 A R
4.2 Xtk

AN, A SC gk ¢ PackMerger "M% | ¢ Dap-

per” "B T X LK. “PackMerger” ¥ 43
fiff FOF T AL I ] X 25 JETE Y, A R R LA e i
U PR B S A SCRE 22 AR K. X T8 7RO, AR
SCHLPackMerger” 5 0 47 40 45 SR 5 A< SC 57k 3
T, g5 R 7 s,

MIE 7 B850, “PackMerger” i A DU i g 52
RERL A 53 F T A2 ) 280, AT ERRF ] AL 5 h 12 min
Wb 3 h 51 min, & @& T ATEIRCR ; T B KL A



1446 ﬁ%%

T TR

5 24 &

n

(a) AR RIT a4
(a) Packed result of

(b) [PackMerger | 4T fu.4%
(b) Packed result of
proposed algorithm [PackMerger]
K7 4TRSS I

Fig. 7 Comparison of two packed methods

85.75 g MK A 52. 43 g o3I T 26 16 F 3800,
SRR, “PackMerger” B 16 2% 68 s A fEfG2 & 7
(WD PR FTEEE R . W LR AT 5, AR R
A FT AL 7 R AR . “PackMerger” 76 47 41
LR S VRS BRI RE £ R 30° R AR K, (H X I I
A7 A AR SO A ROR . Ak s A SE L L
Ko S SRR Y DF432 X W TH R B, AR SCHE AR L AT 4
S PRRE T AR AL SE

“Dapper” 4= Bl 1Y OC T 5 15 8 1 4T 2 25 1
ToTs A AR R AT R . A EE
FHPET™ B X5 Z M R AT ERPL AT 70 AL, %
T3 A N 98 B AT 24 o 1) 4R RS R E S B
LRI RS RN T T BT
R, R SR T G AR DL R oy BN B 2 (1 A

S E k-

[1] HURZ, LI H H, ZHANG H, et al.. Approxi-
mate pyramidal shape decomposition [ J]. Acm
Transactions on Graphics, 2014, 33 (6): Article
No. 213.

[2] LUO L J, BARAN I, RUSINKIEWICZ S, et al..
Chopper: partitioning models into 3D-printable
parts[J]. Acm Transactions on Graphics, 2012, 31
(6):439 445,

[3] HAOJ., FANG L, WILLIAMS R E. An efficient
curvature-based partitioning of large-scale STL
models [J]. Rapid Prototyping Journal, 2011, 17
(2):116-127.

[4] CHEN D, PITCHAYA S, LANJ T, etal.. Com-
puting and fabricating multiplanar models[J]. Com-
puter Graphics Forum, 2013, 32(32):305 -315.

[5] XINSQ.LAICF, FUCW., etal.. Making burr

Az BT AL 25 2R TC VA PRI f A . B3 10 A7 ik ) 2
AR SO

ARSCER T — R T 3D T B ALY T fu 5
HESR gk T 3D T B b K AR B Ik TG 3 4T Ep
{18y ) R[] B 44t — o X6 i 225 [ 3647 49 2% 1 i ik
A RA T A SR DR R AE A
e 2 R R A A TR L TS e
% b HEFRLE — R, 4T EP B[R] 5 4T B BA ) 4300 5 4
T 14%~38% .21 ~46 %, FTER & A3 5 T
S GNPE 7T =N

AT A RN B A W T A T o e BT
EP BB 5% BT T L P e k. X T LA
SEA S 2 RTAY T TR S DR R T 2T
T U DR AERE L 0] LLGE A SCEk (2 A D6 v
Hah A R Ay, AR LR iR . AT T A
[ 26 A = 4k B2 A JL il F Py it 52 2 o0 R
OIS G a6y 58 5 R 1 JLAR] R AE 45 A
R, AR B 5T 7 . BRI AR R AL o
b S YR o i S U R S (BN R 3 DO 2
MR AZ PR AL A3 B 3K Rt 1R 3R Ak 43 B
RIS vy R XoF 42 I 3 1 RE I R 22 L R H AT IA 1Y
AN o e ke O 3 L e ke 4 I
BT TAEME A,

puzzles from 3D models[J]. Acm Transactions on
Graphics, 2011, 30(4) .76 -79.

[6] SONG P, FU C W, COHEN-Or D. Recursive in-
terlocking puzzles[J]. Acm Transactions on Graph-
ics, 2012, 31(6): 439 -445.

[7] SCHWARTZBURG Y, PAULY M. Fabrication-a-
ware Design with intersecting planar pieces [ ] ].
Computer Graphics Forum. 2013, 32(2) :317-326.

[8] SONG P, FU Z. LIU L, et al.. Printing 3D ob-
jects with interlocking parts[J]. Computer Aided
Geometric Design, 2015, 35-36:137-148.

[9] PAVLIDIS V F, FRIEDMAN E G. Three-Dimen-
sional Integrated Circuit Design[ M]. Massachu-
setts : Morgan Kaufmann Publishers Inc, 2009.

[10] DOWSLAND K A. Some experiments with simu-
lated annealing techniques for packing problems

[J]. European Journal of Operational Research,



5 6 0]

WK [ 4, 45 . 3D AT B BB RY 3 1 5 4T 41

1447

[11]

(12]

[13]

[14]

[15]

[16]

1993, 68(93) :389-399.

WANG H., CHEN Y. A hybrid genetic algorithm
for 3D bin packing problems [CJ. 2010 IEEE
Fifth International Conference on Bio-Inspired
Computing: Theories and Applications ( BIC-
TA), 2010, 703-707.

CHERNOV N, STOYAN Y, ROMANOVA T.
Mathematical model and efficient algorithms for
object packing problem[J]. Computational Geome-
try, 2010, 43(5):535-553.

VANEK J, GARCIA J A, BENES B. et al..
PackMerger : A 3D print volume optimizer[]].
Computer Graphics Forum, 2014, 33 (6):322-
332.

CHEN X, ZHANG H, LIN ]J. Dapper: decom-
pose-and-pack for 3D printing[J]. ACM Transac-
tions on Graphics, 2015,34(6): Article No. 213 .
GLOVER F, MARTI R. Tabu search[J]. Gener-
al Information, 1998, 106(2).:221-225.

M R@, A AL, F. YR RRIE S A SR

1EE @t

BRE £ (1955 —), L, IL AR 3KV A, 19
tL L AR, 1978 42002 4
FIGAL R 2 53 0] 3R AT 2 1 2= 40
BT SC AR5 ™ 0T A 1 5 7 B T
FEAFSE b0 FAT . EENFEHBHLEE
PG b 3 5 7T A0k B B A B AL B 5 4
U SE T T W 5E . E-mail: ghgeng

@nwu. edu. cn

[17]

(18]

EL] RF HEIA4,2014,22(5):1388-1394.
FENG J, CHEN Y, TONG X L, et al..
matic feature point extraction for three-dimensional
skull [J]. Opt. Precision Eng. , 2014, 22(5):
1388-1394. (in Chinese)

RAALKE &, 258 K. BELA = A H FRE4RE I
[J1. k% W% 14,2015,23(1):310-318.
ZHANG Y H, GENG G H, WEI X R. Valley-
ridge feature extraction from point clouds[J]. Opt.

Precision Eng. s 2015, 23(1):310-318. (in Chi-

Auto-

nese)

REAE AR, KREZE.F. ETHT 3D HA
B B A PR S Ok K e s () ). R %
M AR, 2014, 22(8):2117-2126.

SONG CH H, YANG Y Q, ZHANG M H, et
al.. Redesign and selective laser melting manufac-
turing of femoral component based on digital 3D
technology[ J]. Opt. Precision Eng. ., 2014, 22

(8):2117-2126. (in Chinese)

(RILFFE REWH AREHEH)



