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Sampling strategy for free-form surface inspection
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Abstract: To inspect and evaluate free-form surface (FFS) parts rapidly and precisely, the sampling
strategies involved in inspecting processing were researched. Three kinds of sampling methods ,ran-
domized Hamersley sampling, simple random sampling and aligned systematic sampling were proposed
to specify a set of measuring points and a quasi particle swarm optimization searching was used to opti-
mize the transformation parameters to implement the localization between measured FFS and designed
FFS. Then , the surface subdivision method was taken to find the closest points on the design model
corresponding to measured points to calculate the profile errors of the FFS. In order to compare the
results of different sampling strategies, design models for parts were generated by non-uniform ration-
al basis spline and some parts were manufactured on different machining centers to obtain the surfaces

of different roughnesses based on the same processing technology. Finally,these parts were measured
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on a Coordinate Measuring Machine(CMM) by setting different sampling strategies and the profile er-

rors were calculated by the proposed method and CMMs software, respectively. The experiments re-

sults verify that the best sampling strategy for FFS inspection is the randomized Hamersley sampling

method and a medium size. It has the merits of higher precision, lower cost and less time. Moreover,

the evaluation precision of FFS profile error computed by the proposed method is higher 10% —22%

than that by CMM software. These results show that the proposed method is suitable for the profile

error inspection of FFS parts rapidly and precisely.

Key words: free-form surface inspection; sampling strategy; randomized Hamersley sampling; sam-

pling size;coordinate measuring machine

1 3 7

Bt 5 5 1 T i B NS R U B R T ke, H
H TR E VA S S AT T N T e X
RGN R R MR 158 22 1) i 0 R T o R AT 5 0 ZE AR 1
AP LA T T R A SR BIDAS A SR A U
J& ik A HORARAR . AT, AR bR I AL
(Coordinate Measuring Machine, CMM) /gy —
o id PR 5 | F Sl A AR R 00 o R R U R S A
Je bl AR SR E R A G Tz RN
AR A 0 e AL AR I S A Rl LA 0 3R A I e
bRk 2 J LA T FR | — 2 AR AL A A A A
T A5 3K 26 f5 Y A b or B IS, PR B AR — o 1Y
T DU Bt 5 26 T L AT ST 3R 19 R B AR A X7
B, X TAE S = A bR I AL E A AR KAy
W HIPE S M, AR BRI AL RORT BE S AR e T AR
FOKS BE . 25 K 0 B2 L 00 A 45 1 i 4% o i 5 L BT 8
FH B AR B 3k 5 1) SR B SR WS 85 DDA OGS, o gh J2
Ui, QISR AR BRI AL E 45 5 . WUAG RS J3E L i ] Az
JEAS I TR ARG . SR A S X B 4
R B AN 0 B A AR KRS, it B A O
TREERME T R T — SR AERAR Y

Lee 2 AW Hammersley 5 41 fl1 3 )2 K #E 46
5GP T O TRME A9 SR AE 5 VR T TG I e
T, LI B UE T TR B R RS
Kim and Raman & T 4 FhRA: 58 5 R A
RN % 57 BT 18 B % 25 0 iYL Bader 42
TR R R R AR T 10 5 A ) B /N R U]
TR LR T T A R AR R
T =V Halton sUCRAE T 20 T A0 bR &

HLAS I 1 T 2 A 52 30 25 SR AE B . 3T Halton SR
FEL LB ML 7 3k B AP B9 3 53T . Raghu-
nandan fll Rao % A Hammersley /%% #fi 5& % £
WL E BFSY T =R R 3R T ORLRE BE S8 R, R
FER /N5 57 T B R 25 22 E] A o R
S NWFFE T 7025 28 R AE R/ 3 o B 150 1Y)
Sic 7 OB a5 25 B HL I S A T 0
Pi. FROCT RFESEE B ST , 2 02 4R vh A Xt (]
e A OV THD A5 AT FR LA A T Y

Wi & TH LA B it/ i & (CAD/CAM) i
TR AALEE (CNOHAR M K, 56T A e i 1 2
BRI TR0 58 TR AN . T A il
52 Z M AN AR AT B FR PR L X B f i R AT
PR Bt 1 AU AT SR 2 A MR, — S5 R I IR 3
I TZ IS . SCERL 12 I0F 98 T 2 TR AR
FIE B ER i T SR R SR W, X R O B B AR AL 7 A
O HEAT TSR . BRI SR E R T
I 2 W 4% A8 B (GAY, kL BE B
(PSO) HURE 7 BE 55 (QPSO) 45 RETHF oK it
FEAVE ) RS Sk [ 19 14 s 3 AR AU A v AR
AR R 5 SCHER [ 20 JUE 52 TR 2 AR I AT
AR S0 A W] B 1 2 d /M SCRkE21 ]
BT —FEF RO Voronoi 454 B R L7 % .
3 7 LS B IR T 7 R A Rt s SCEk[22]
PRI T BT STL A58 AY 1Y 55 MO8 e A5 32 U ik
H O M CAD BRI [ iy il T R A 5% A0 220 F
H T R SR A 0] R, 4 T — A T X 0 AR AR
19 A el 2R AR D7 ik Rl a7 B R SE T
B ATE .

SEEPA R A Bt mE A ik, R e 2
S TE 45 78 I SR AE J7 15 TSR AE R/ 535 A7 ) i

Colosimo



%10

75 22 A LT AR AR N B HLAY B Ayt TS D0 R A S 2727

B AT A AR 2R () L, B SR AT D e 25 % B el i T
KRR TTRE T WF5E . (H 5256 56 R FU45 B A 5
FLIY B T 5 T AN 7] SR S m Xk Ayt i 5 F 52
P A 00 2850 SR B4 52 W) e AR ey 345 1 ot TR i DAG SR Ao
R I FE R R ILARTE . AR SCEEXS A iy il T A AR
SR T Z BRSNS T A e A
A AR 0 R AL B SE AN [R] SR A 7 3 MR AR RN 24
FIF A TR S 0 SR P AUORE 5 A 00 A0 B 1 S B
fy TR S {37 5 ot T 48 2395 48 AR il S AR
W2, A X AR 7 2 A R AT L 1B
T E TS 00 i I R B

2 B R AR ek

it FH A1 A 0 et ML AG: 0 2 A7 B, AN AL 2 R i il
B RE % 4 BRI 2 1 4% 1 A5 R L TL AT
JCER B R TR SR X7 (] s s 1 ol A 000 B
(B8] 7D L LA, BRI O 328 % 5 3L A SR AF SR S G O
B, SRR R WA SR AE Ty R R A /N (D A A
HO S ASCHE B SR A D7 35 A B WL Hamersley R
FEVE 18] S B R AL R RO R G2 R AR
2.1 PFE#Hl Hamersley %4 (Randomized Hamer-

sley Sampling, RHS)

Z 225 [A] BBy Hammersley B Criy o) B2
(=AY,

ri — l/N
1 (D

v = ; [[Z—éjmod 2]><27"71 ,

AP 0<r,v=<1,i€ I={0,, N—1}, N A%
HEEEH , k=T log, N TR/R KT %T log, N
BNV L /20 RN /DT ECE T /2D B R R
BB TR R AR R N AE T 36 I Ham-
mersley s 70 &,

% &% Hammersely ¥ 5 J& T & 48 5> fi &
L BEHL A Hammersely 5 41 B9 0 46 55 ] DL
/0 B AR G R 2% . IR R ] B AL Hammers-
ley JF# 9 7= 2 RAE S G0/ DY
i = (i/ N+ nu)mod 1

v = {i “ 2—17 J mod 2}>< 277 + Uy | mod 17
i=0

(2)
F T P FI O A0 11 Z ] B PG AS BEBLES

0.9
0.8
0.7 f-o-eo
0.6
= 05fe-
0.4k
0.2 i

.

0 N R T L SN S S B
0 0102 0304 0506 070809 1

r

1 Hammersley KA 5

Fig. 1 Hamersley sampling points

2.2 TEBEYLEE (Simple Radom Sampling,
SRS)
fa] LB NL R AL B T — P R AR A T 51, 38
i B 5 43 A7 77 A B ATLESC AR R BT AT a5 DA A AR S
e CORAE AR 36 1Y AT BRLBH ML SR BE T A1) 4 A
wmiE 2 fiw.

0.9F-

0.8
0’? .....
0_6 .....

0.4}
03t
0260
[ | - SRR S SN S

i I I i L] I- 1 L 1 L
%0702 0304 0506 070809 1
,
Bl 2 fh SRR A &

Fig. 2 Simple random sampling points

2.3 FIR%GREH (Aligned Systematic Sampling,

ASS)

PR GERIER TS RFE . BRBCRFAE S 501
K mAT n N ATEINE R LRI Ak, TR A 2 ER
homn, h e B BN TR AR ) R SR 2%,
E IR AR Gl DEEHL™ Az, B i<l j<<k, W BT
PR ATRBN BN it it 2l e, it (m—
DIF G jtkyjt2k, o, j+ (n—1)k, 1M mnfF
FE S AL E T A m A7 n B3 7= A E
4 m=6, n=6, [=0.16, k=0.15, i=0.12, j=
0. 13 I F1 R GERAE R0 A A 3 FR



2728 e KWEE TR %22 %
s (NURBS)JE i 40 u fl v e L, AT,
08 | : I)ﬁ w 1\/fi,p ( lt) I\Ij,q ( 7))
8; SCu, v) = === =
A 0< Z M, ,(w M; ,(v)
: i=0 j=0
0.4}
0.3}
: PRi,,;( 5 V) 3
02 : = ij pejog\ Us U
P I N I I O O O RipngCtr o) = ——aMen (WM (0
0 01 02 0304 05 06 07 0809 1
; > 2 w,M,.,(w M, ,(0)
=0 s=0
Kl 3 RS R )
Fig. 3 Aligned systematic sampling points
;H\:EP : Pij ﬁﬁzfﬁﬂﬁ s Wi j‘jiﬂﬁa Mi,p (uw ﬂ] Mj,q

2.4 REX/M
SRR/ B2 TN Tad 22 BN

TR ZETEE ik 8l 4 %ﬁ{*7kﬂ@fm%§l%?
M), A B 4 26 56 SR B RN AN B A A ad A
HURERAE R /INE R I AIG e A = %{R,%jﬂm
EFRFEE R 49,81 F1 121,

3 A wESEREREITH

3.1 EFHRNFEMACEEINEHMEENN

F A b T BB RR AR S B B AR

cos fcos ¥

cos fBsin ¥ sin esin $sin
T(OlaBa Y t.r’tyQtz): . .
—sin 3 sin
0

Ao By 3B B T 28 20 y F1 = BN e 5%
ot 1 A e SRR TS o y R 2 Bl )
MRt . FER T e A E S el it v A it
TS AT RE I R B A5 pR B g 8 OIS A
A A SRR X R a5 B B AR /N
g(093779t,r9t_v9t:) == mm(z ‘ TQi* bi | ) )
(6)
:T:t:qj : Plzl:f«iv Vis Zis 1:|T y‘j NURBS &i+*ﬁﬂj:

M =Ly S 1] PR R | s, i=
1,2, N. =0 6) ] A1, SEat gl il il i 580t

sin asin ffcos Y—cos asin Y

Co) 4R w Al o Jr R ECH p Mg MELTE B
BELIE B, n b 1 o+ 1 20 9 0 Us « F0 oy 7 1A
il B H

e FH AR B I e ML I 3 NURBS 3 345
5| 5 0 5L PR A B, FE R R R SCAE BT
AR FR 5 TR I AR S SR R A bR R L B D R T
VT AR 2 A G &R AT H R e T Ok R

[18, 27]

N

cos asinfcosy+sin asin ¥ ¢,
Y+ cos acos ¥ cos asin fBsin Y—sin acps ¥ i,
acos f3 cos acos 3 L. '
0 0 1

5

R [0 5 v e 3 48 R (oo B 7ot s 1yt fH, LU
il F AR EREL gCas o Vot tys ) TR/,

PR FREA AL B35 (QPSO) 18 1 18 FH 48 BE HL
Halton F817% 4 Q MR F . B —Fk A d KA
Z4, R QPSO 2 8L A i il T € A7 B, QPSO
B BECar B Vot ty» tD AT 1 AR T 5 2R
JH ¥ 45 TR 36 AS WA SR 1 100 338 188 S 8 9 315
K1 H bR R EUE K T 3R AR T, 18 R B
/NEFRREUE gCay By Vo tos tys ) B XT R K7 7 B
yopodE S Al Iy SRl TSR e Sl
(9 5 7, FLI AR a8l 4 Fes



%5 10

75 22 A LT AR AR N B HLAY B Ayt TS D0 R A S 2729

[ A it R )
1

[ {EQPsOE: 3]
*

37 F UL Bifi 47 Halton 57 51
L AR R

¥
it k64 B bR i
|

Emmﬁm%@%&ﬁ%%ﬂﬁ
|ﬁﬁﬂ%ﬁ?ﬁﬁﬁﬁl
|ﬁﬁﬁ~&f%%ﬁmﬁl

[EaFr i E

T s

Y
it e S 5

B 4 FF QPSO /9 A H #h T E 7 i T K]
Fig. 4 Flow of free-form localization based on QPSO

3.2 HE#ASEHEERERER

il 1 40 43 3 8 i 7E NURBS B8R |- % 4
A /NSEL w A o PR E 7 B R R 5 B A R
B T R AR IE .

(D BESE ufl v WHIRIEH uel0o, 11,
€ [0, 1], BIBH w Fl o B9 X 8] 56 B w 358 15

(2) By AR A qis

(3) BESE w1 o W IX ] FE & w 53 n A
JINTE) iy o U] ) B 58 B2 © 45 T w/ s

(D) TEZH u Mo BOE MRS E N R S
B A g BE S AT B BT S p s B S I S B
BRI RS EE R (s ) s

(5) W T8 Y B — /DN TE] B 48 53 2R m 55 40, D)
B B B8 E B 6 55 T 8/ s

(6) 75 /N N 18 R 5 1l D A5 B 0
MBI p A BB MBS S B Cwo s ) 5

(7) W SR A 3% 22 9 U it T 48 4 4k 3 1) e 3 A
A HE T, W R T TR 0 R B R, W B A
1k 75 D0 |25 3R (5)
3.3 EHHMERBEIRE

R T AN TR] SR R S T G 00 235 2R L SR ) U
BRI R 2E (E,) THE B el 58 0 B 8 22 .
B p' i (x'isy'is /D RAEBITA I RBIN S

B A g (s "o 70 X A 88 B T 1 A5 0
5 p ZEBEECA
di=+/(2 =2 (=YD =D
(N
E, &N d; |RIEE(d,) 5 E/MAUEd)
Z 7

E,=d,—d.. ®
4 Zhh#aR

K NURBS #it A, B, C il D 4 Fhf A,
3% AR [ hn T T 2. 78 PLITZ Hitech LV-800 Jin
T &M A B, 78 XH7157 fin T fin
T CF D, 4 A F 0y 880 2381 i 72
mm X 72 mm., A ke E N TR S 1R 25 X6
R, BN & m Ak 64 mm X 64 mm,
KHE 5 =4 imfe B X Talysurf CCI W &%
MRS B2 DA MRS FE 280 RE W& 1, %
%% Renishaw MH20i il 3k iy NC454 A 5 I & #L
W T B PE AL R AL L FEAL Hamersley RAEE 15 &
G oRHAE 3 Bl A I A SR A RN R 81,
TE 3 FiRAE T B —F &M 20 ¥,
MATLAB 6.5 45 5T QPSO Fiifi I 244 437431

5 R A

Fig.5 Roughness inspection

*1 FHHEEE
Tab.1 Part roughness

ZIF AL RIHLBEE R, /pm
A 1.82
PLITZ Hitech LV-800
B 1.96
C 5.45
XH7157
D 5. 61




2730

e K TR

522 %

BIER IR ZE (E,) P, 20 WIES R ER 2
(R 5F- Y (8 CE,0) FFRHEZE (o) W3 2 FiR

R TGN R SR A 5 i i A R [ s il o
3eH PHIOM + SP25M 4l 3k () NC564 A 5
D LRSI 2 1, & 3 S F A BB EB 4 I i 45
#, i NC564 19 Rational DMIS CAD+ + # {4
RS R Y) TR 2, MR 2 770, X TR
RS & F1a , AL Hamersley R#E 15 09 16 24 46 5
w2 FEME S NC564 RIS R EHE, 1

g 2 s SR 0% 2 1 s A 2 B /D T AT B AL R AR
A 1% 2% b 25 e KL A0 R T Y 6 A%, R WTBE HL
Hamersley RFE & PEfAF . I RIAFE T BEHL
Hamersley SRFE 79I 7E 25 7 1Y R AE K/ T AE 05 4
PEEE 245 B, 0 ] B BE AL RAE S BEALE R AN REHE
BRAFTE R BUR RAE R AT REME . it Al UL, 55 14
FBEHLRAEFN S R G R AE AR LA, B L Hammer-
sley SRAEZERAE S0 AT 5] SR AE Bl 5, B
R ONEEEERi gL Rl

R2 FRARBEFETENREERE

Tab. 2 Profile errors based on different sampling methods (mm)
FiHl Hamersley RAf A7 PR B LR A UEY W3 NC564 3 R AE
Z A - H bRt 22 V¥ H Frif 22 - {E Fr i 22 R 1R 22
E,. c E,. c E,. c E,.

A 0.581 2 0.012 9 0.555 6 0.067 2 0.580 4 0.042 1 0.638 7

B 0.535 6 0.0117 0.528 0 0.059 3 0.536 0 0.040 1 0.593 6

C 0.660 3 0.011 2 0.654 7 0.079 3 0.651 8 0.038 2 0.695 0

D 0.770 2 0.0131 0.690 4 0.081 2 0.768 2 0. 040 5 0.811 9

3 FHBHEBIMNSHE
Tab. 3 Part of measurement data of parts B (mm)
No. X Y 7 No. X Y 7 No. X Y VA

1 —34.5491 —30.6240 —8.6054 |11 —34.6860 18.9190 —7.1935 |21 —31.0547 0.577 9 —6.338 4
2 —34.5367 —25.736 0 —7.6263 |[12 —34.6807 23.9111 —7.0809 |22 —31.0096 —4.5271 —6.2830
3 —34.5518 —20.8271 —6.9270 (|13 —34.7333 28.909 4 —7.1491 ||23 —30.8605 —9.5265 —5.7648
4 —34,4970 —15.9618 —6.4584 |14 —34.6015 33.9148 —6.9439 [|24 —30.8950 —14.4352 —5.4872
5 —34.5189 —11.0948 —6.6810 |[15 —31.1055 30.4810 —5.7183 || 25 —30.9444 —19.3111 —5.7925
6 —34.6668 —6.2130 —7.6397 |16 —31.1174 25,4939 —5.464 7 |26 —30.9400 —24.2003 —6.4708
7 —34.6632 —1.1079 —8.0394 |17 —31.0505 20.517 9 —5.4025 || 27 —30.8945 —29.0827 —7.4202
8§ —34.699 4 3.965 8 —7.8951 || 18 —31.0405 15.537 6 —5.483 4 |28 —30.9296 —33.9194 —8.5951
9 —34.6782 8.9457 —7.5291 || 19 —31.0306 10.557 8 —5.6320 ||29 —27.2642 —30.8644 —7.1382
10 —34.6738 13.9304 —7.3254 || 20 —31.0720 5.996 6 —5.989 1 || 30 —27.2679 —26.0104 —6.05114

SRR R BIOER Z2 G D R () K L B A L TR
UL PR A TG R RAE AR E S, AU T 1
FfiHl Hammersley SRR R AR /N K48 5 BE iR
ZEMFZ M, SR AE RN R E S 49, 81 AT 121
if . R NC454 CMM XA E 47 20 W &L 3
BT RMFMIESREERE M, £ 4 A 0F
A 025 5 5 R 22 A, BT L,
NC454 CMM A 1153 11 e 25 0 B 15 25 0. 571 3
4, SREER/NN 81 I 121 I, W45 5 iR 2
S B I L R AR KN Ry 49 BT R4S
BRFER /N 121 B 22 52K U W X5 3 H il T

K st 24 SRR KN R 49 BF S RESR 1L L 05 1Y 3%
T 6 56 A5 . A SR [ s e JB ARG 000 A B s ]
A WERFE RN E R 81 ORI AE .

T3 Ah WA R 0 SR R AR SO MR B Y
R R IR 22 /N Tl NC454 A I AL 4RF 45 1
(3 5 R L R 2 NC4A54 B0 R FH A 2 1648
S X RIMEARBURR 75 5 B A R il die /. RS
I3 52 e £ B WL Hammersley % £E 751, f A< 3
PE T VAT A b i A R R R 2 VT L
A ) e HLER AT 58 45 KT BE 5 1000 ~22 %%,



10

75 22, 55 B T AR BRI LAY Fph o ARG I SR A SR

2731

F4 FHAREERETIHE(E)

Tab.4 Mean(E,,) of part A (mm)
s RFER N
RAE Ty 1
49 81 121
AR 0.551 7 0.581 2 0.583 1
CMM 8 4% 0.629 4 0.643 2 0.646 9
5 & #

FADUHE A B AR R N T R
[F) SR e SR I XoF AT T 9 G R 05 2 0 2850 2R 11 5%
M, ok FHAE S 21 A B B FE AR T T 4 Fh R R4
AL IEF AR IN T T EEAF I T o m T.%
PEAS 3 7 ORRE B AN T8 69 8 ety T 2 A e o
S92 0 U S« 2 SR TR I 2 R A MRS B2 L I ) T A
A BEFEFE AL Hammersley % #3536 1% B H 4% K
RE SSCBORT e o T AT RS0 R e A L N 4R
(9 5 et 8 e T A S 58 25 O JRE Ly = Ak
Pl S A P BT SR A s 1000 ~22 % 3 T

R T RE A DR R R I ER o AOKS B 5
WEEE R Z R T R HBEVL Hamersley 2R #E
] B AL R A AN B R GE R R 2 P 7 B UCE H
[ ORI R Y S RV VAR RN X R A R LR g
SRS T I i e T i T AORS A E A 3
T T T A 3 4 R S R ) AR R A O i i i T

X R SR R A R R R 2 PR HORS B A 5 9T
FE . TR O A T i R AR B B
HNTTIDO NN 1 = 2 TR LU s S 2 v
Hammersley RAEEE 5 H b N R A 5K B AH 25 G 1Y
Bk

S &k

(1]

(2]

(3]

(4]

L6]

FRNJR MG R TR AR AR LS AR ALT . R
M % I142,2013,21(11) :2852-2859.

LIS Y.HU P H. Structure optimization of parallel
CMM[]J]. Opt. Precision Eng. » 2013,21 (11):
2852-2859. (in Chinese)

T BARRF IR G = AR LI A U 4 1A B S
TEEWMII]. k% #F T8, 2012, 20(4):766-
771.

SHI ZH Y.ZHANG Y.ZHANG B. Uncertainty er-
aluation of CMM measurement for gear profile[ ] ].
Opt. Precision Eng. , 2012, 20 (4):766-771. (in
Chinese)

RAMASWAMI H, ACHARYA S B, KOVVUR
Y, et al.

sampling uncertainties in geometric and dimensional

A multivariate statistical analysis of

errors for circular features [J]. Journal of Manu-
facture Systems, 2006, 25(2) :78-93.

LEE G, MOU J, SHEN Y. Sampling strategy de-
sign for dimensional measurement of geometric fea-
tures using coordinate measuring machine [J]. In-
ternational Jowrnal of Machine Tools & Manu-
facture, 1997,37(7):917-934.

KIM WS, RAMAN S. On the selection of flatness
measurement points in coordinate measuring ma-
chine inspection [ J]. International Journal of
Machine Tool & Manufacture, 2000, 40 (3):
427 -443.

BADAR MA., RAMAN S. PULAT PS., et al..
Experimental analysis of search-based selection of

sample points for straightness and flatness estima-

tion[ J]. Journal of Manufacturing Science and
Engineering, 2005,127(1):96 -103.

[7] #x2#,Z28,%&4,%. =M Fim Halton 5%

FESR MG S AR RE M () ). 3 sk sh a3t 5 B H &
F4%,2007,19(8) : 1063-1068.
DONG Y D,WANG Y X, LIU D X, et al.. Halton
points sampling strategy and performance analysis
for triangle plane [J]. Journal of Computer-aided
Design & Computer Graphics, 2007,19(8):1063 -
1068. (in Chinese)

[8] RAGHUNANDAN R, RAO P V. Selection of
sampling points for accurate evaluation of flatness
error using coordinate measuring machine [ ] ].
Journal of Materials Processing
2008, 202(1-3):240-245.

[9] COLOSIMO B M, GUTIERREZ M E, MORONI

G, etal.. A tolerance interval based criterion for

Technology

optimizing discrete point sampling strategies [ J].
Precision Engineering, 2010, 34(4) :745-754.
WANG X C, YU Y. An approach to interference-

free cutter position for five-axis free-form surface

(10]

side finishing milling[J]. Jowrnal of Materials
Processing Technology, 2002,123(1):191-196.
XURF, CHEN ZH T, CHEN W Y. Tool posi-

tioning algorithm based on smooth tool paths for 5-

[11]

axis machining of sculptured surfaces[]J]. Chinese
Jouwrnal of Mechanical Engineering, 2011, 24
(5): 851-858.

Mrih &, 3 2R ST IRRARAEAY A v ol T R AR 55
EM L], ALkt 55 42 ,2011,3:190-192.
CHEN M Y. LIU Y H. Research on sampling
strategy for free-form surfaces based on shape fea-

tures [ ] ].

[12]

Machinery Design & Manufacture,



2732

522 %

[13]

[14]

[15]

[16]

[17]

(18]

[19]

2011, 3:190-192.
LI'Y, GU P H. Automatic localization and com-
parison for free-form surface inspection[J]. Jour-
nal of Manufacturing Systems, 2006, 25(4) ;251
268.

BALASUBRAMANIAN S, GU P. A neural net-

work approach to localization of parts with com-

(in Chinese)

plex surfaces for precision inspection[ C]//Pro-
ceeding of 1995 ASME Computers in Engineering
Conference, Boston, America, September 17-20,
1992. 1025-1031.

EAREFO,FE. —F i e R R R 2
W L], Akt B ##, 2004, 1:64-66.
WANG D SH., LI M, ZHUO ]J. An evaluation
method of free-form profile error[ J]. Machinery De-
sign & Manufacture, 2004, 1; 64 -66. (in Chinese)
BT i A AL BT A SR 0 B 2 il TR R R 22
PRI A2 5 3 R ,2004,23(1) : 46-49.
LIAO P, YU SH Y. Calculating of complex sur-
face form error based on genetic algorithm with
canonicity real number encoding[J]. Mechanical
science and technology, 2004,23(1) :46 -49.

IR R4, BE T ORI 1 0 52 2% it T 4 B
BRI, A4 R ¥ 54k, 2008, 34(3): 274
2717,

GUO H, LIN D J. Profile error computation of
complicated surface based on particle swarm opti-
mization [ J 1. Journal of Donghua University
(Natural Science) , 2008, 34(3):274 - 277.
Chinese)

AEE,HHLANF OCF A R MmR2EWE
ICEL DT A B gE (). k& M & T4, 2006, 14
(1):133-138.

DU J J, GAO D, KONG L B . et al.. Study of
matching methods for error evaluation of optical
free-form surface [J]. Opt.
2006,14(1):133-138. (in Chinese)

ZHANG Z. lterative point matching for registra-

(in

Precision Eng.

tion of freeform curves and surfaces [J]. Interna-

tional Jowrnal of Computer Vision, 1994, 13(2):

1EE @I

B2, 1988 4F T 9 B0 TR 2 3R A5 7

20, 1991 4R F b R AR A L
20,2004 AF T AR K 2 K15 11 2
Br, FEERFGE 5 1] O B RE T AR 3 1) T
BB EH A, Email: zdhxwxl@

njit. edu. cn

[21]

[22]

(23]

[24]

[25]

[26]

(27]

119-152.

CAMPELL R J, FLYNN P J. A survey of free-
form object representation and recognition tech-
niques [ J]. Computer Vision and Image Under-
standing, 2001, 81(1) . 166-210.
REXRKE ATE =5, F T HL Voronoi 4514
B E AR ARSI )], SRR FFR(TF RO,
2012.42 .2-8.

SONG ZH J.ZHANG M, HE G Y. et al.. Sculp-
tured surface point distribution strategy based on
centroidal voronoi tesssellation[ J]. Journal of Ji-
lin University ( Engineering and Technology Edi-
tion) ,2012. 42 :2-8. (in Chinese)

TR &, R, BT CAD #AE M & hih i B &
BLRAERME LT ] & F 0 & 5 A E ¥, 2012, 26
(10) :835-840.

HE G Y, JIA H Y. Adaptive sampling strategy
for free-form surface based on CAD model, Journal
of Electronic Measurement and Instrument [ ] .
Journal of Electronic Measurement and Instru-
ment ,2012,26(10) :835-840 (in Chinese)
BALAKRISHNA P. RAMAN S. An integrated
approach for the estimation of spherical form tol-
erance [J]. Journal of Manufacturing Systems,
2006, 25(3):172-183.

http://en. wikipedia. org/wiki/Sampling _ (statis-
ties) [OL.

ZHANG Y F, NEE A, FUH J, etal.. A neutral
network approach to determining optimal inspec-
tion sampling size for CMM [J]. Computer Inte-
grated Manufacturing Systems, 1996, 9 (3).
161-169.

LES P, WAYNE T. The NURBS book ( Second
Edition) [ M.
2010.
CHEUNG C F. LI HF, KONG L B, et al..

Measuring ultra-precision freeform surfaces using

New York: Springer-Verlag.

a robust form characterization method[ J]. Meas-

urement Science and Technology, 2006, 17(1):
488 -494.

EREAI73—) 2 W AL T
WESE A PF I, 1997 4F 2003 4F F 1L A&
BHER A 23 il 4k A5 2 b VB 22 7,
BERFGE O | A RS W O BOR et
% . E-mail: zdhxwdx@njit. edu. cn

(RILERE REWWT FEEH)



