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Abstract: An evaluating method of freeform curve profile errors based on the Improved Genetic Algo-
rithm(IGA) and quasi random sequence was proposed to inspect freeform curves and surface parts and
to compute their profile errors efficiently and precisely. Firstly, according to the characteristics that
the freeform curve was expressed by discrete points rather than an analytic function, the Non-uniform
Rational B-spline (NURBS) was used to express the free curve and the IGA was proposed to recon-
struct it. Then,the quasi random sequence was taken to generate parameter values uniformly and to
calculate the shortest distance from a point to a reconstructed curve exactly. Furthermore, The compu-
tation methods of the control vertex and objective function value were described when freeform curve
was reconstructed and the detailed steps were established for reconstructing the free curve and compu-
ting the shortest distance from the point to the curve based on the IGA and quasi random sequence.

Finally, the curve profile errors of a simulation example and practical parts were calculated and meas-

r#s B HA:2011-10-20;f8iT HHA:2011-12-15.
ELWH:FERXARBEESRIIA (51075198) s TL A HARBL 245 4 ¥ Bh I H (BK2010479) 5 Y1954 “333 A A
TR B H VIR N R A 5067 0% B30 H 5 7 5t TR 2 B B 397 5 4 9% B33 H (CKJ2011004)



836 b=

5 20 &

ured. The results verify that the evaluation precision of freeform curve profile error is higher than

99%. The proposed method has the advantages of simple algorithm, rapid computation and high accu-

racy and it can be applied in engineering metrology.

Key words: freeform curve; profile error;Improved Genetic Algorithm(IGA) ;quasi random sequence

1 7]

qul

VEAE R, B H R R A A A AR IR
e BELAE Tl b i N R R B i Yz L BB S X
F 2 o TR AT R AR G G A iR
ZEVHA L HE R B M

9 H T T — i A SCRIN T L AR
JCE WA G — Wb Rk 20, T ZEAR YR C 0 Bk
BOHE E A Sk R B LR AR . X A
T HE AT R4k B B AR SR R A5 Bt T 1 SR
I ARAT B 2%t B el il R R R AT L ] A
RS ) S B PR S T R A R R 22 0T A
BOFAAR I ) £ B H LR E T
2R 22 T 5T, IR B T — @ s,
SCHR[3 T4 it X R R AF 23 5 — 4R 48 R M
445 Sl SR Pl I 2R 5 O R 22 )Y O I T
PHRE Ay B IT T B T 0L B R 25 X A0 R R R 25 T a2
(452 ) 368 2k 07 FH A A R 1 A 9 O Tk R —
VR SR AT 2 0 B0 B 05 22 07 L 5 AR B R A LR
HAHE 2% K 0.001 1 mm; CHER[4]18F58 T % M
SRR SR RIS Bl 0 P R ) B R ot £k . R IR
3 T VAEUR P O T Eh 2R 00 e R R 2% L
X043 2 — R IR B 1R 22 7 € B . & 2 R ik
5 75 3 (0 5 50 B 152 22 55 FR A 7 ¥ R R R AT AR
i 2R VR BF A5 ) 9 0 B BE 158 25 AH LU A T B I ek
AN GBS UE T TR O ik X — B IR O AT R 25 1
BB IS B 5 R R B L H 2 SCHR R 25 6 A i 2R 5
JEEG B 5% 2 DT 5 45 R 5 SCHR 5 T4 R FH a8t A% B3 5
IR0 2 5 v 5 R T HE 1 O 25 48 1E L SR AR
LR SR T B SR A TSR
Wiy 1, BV =k B 50 4 B B RE 454 1 ) 53
i ) S G R0 T il R 0 B B R il i X R
e Bl I AT o R R 1% 2 OV L 45 R IE S
2% I 5 B B i 2k b N R 22
0.661 6 mm B, >R FI & 75 vk SR A5 19 158 25 i KAE
0,677 5 mm., BIKE BE 35 2] 97 X6 £ X /NS

T2 SCHRL6 )25 T 3k F MR i 40 BRI & 5
VEE 7 ¥ s SEAGUE BH 5 /N A A 22 F 22 7 2k 488 die /N
TR AR RS T 4% ~12.6%.

A 22 an ey ek N B il 2855 ) il 2
FEFE L B A 25 HEAT T IR AR I 42 41 T 0] £ 46
(9 75 15 s AL O R 25 1 F 2 BRI o 38 3 A A bR
B A HIS B, s R AR T SRR A
PRI EI Y AR (A T T B R
FUE K /INGEA O BB BORCHE o 3 R 40 3 A
B8 TR 2 AR Al B . 24 [ 2k ik
AT 25 00 et 500 5 TR R DG I S L A IR g
JE TSRSk 0 ) O G e P B R e
LRAC BRI IR 25 TE 58 1 2 A S ) T, R i G
AR R PR R 25V E M ER Y, Ik,
AR o] ERHORS i SR A s 300 g R e B R 0 T 32
PR E M EM . SCTHRLS IR 1T A 2 S 5ot &
e 0 B B P bRy R SR A T R, SR X [ 4 i
PR A B e s 2 B 5 SOk o 8 T H =k
SRS BN G 5 Z ih 26, R FH 431 36 3 530k
THE S B0 52 47 1 il 4 f /N FE RS 5 Sk [ 10 14 X
23 [V SR 2 4 T 3k 1 JLAA] R AE 1 PR 32 AR
B BT RARAL T R 0 G o Bk S Tk ARk
UL E ik DL Bk pi ik 3 R I T MBI S 8
iR i e /N S . PR AT O 3R D vk 2 AR AT N
B S B0 2 1) S5 A R

A SCEE X B el SR B R R 25 1T O B 1]
P AR A A B B RE AR RN A R il &,
WO A SRR U A EE A A RR il 2 B AR R Gl
PIBEAL Halton 751 7 A= 2 BUE R 0 5K g o 20 A
rhy 2 9 4 B (0 B R R L I RSP T A il

2 AW WL EEIEE
M8 GB/T1182-1996 HiE X, £k 5 i F iR 25

A 220 A2 — RO HAR A 25 (H « B 2
2% i 8] £ DX 38K 3 (58 ) [0 57 T HL AT B2 T A



N}H

i

4

2 A5 R AR TR S LR AL S 45 5 VFE B iy it 42 58 R R 22

837

RSEELATIEAR Bt £ . T8 A 2 40 B g
TR 25 T B S ph O H S R R o PO R R £k
P S AL CR=0,1,-+, V.,V Rl 5 %k
E S B 30 56 B h 2k 04 55 /NBE B 0, 4R R /N R
B0 SR KA DU R o R A B R R 22 d /N IX
RAE f TR ERKME R 2 5. B

f=2max(45,) . @)
3 AU WEHLHEY TR
3.1 BmHELHET
i T 1 R T G T Rk R

T EEAR A T A0 B HIORR A A5 A% bR UK —
PO e A B, B FIAE A 45 B B A

4 (NURBS) ANY ] LA 88— 119 2 15 5K 5] B RS
%%/TQEE[HJ%% o T R A 9 1 A BT AR A8 B RS B
Fon— M B FE S 4k Bezier il £k, 1 H il £& .
o T TR R B T I8 R o o IO, S AT A el
AR AL FRAE O, BT R R L Rt e i &
P(0 R H NURBS R 1,

2 iniNi.k(t)
P() =" —— = > R,(DQ .
Z wiN,'_k(t) 0
i=0

(2)

wi NG (1)

ZuN ()

mﬁu:mumnmxumﬁfﬁmﬁQxﬁ“
PR  t= Cto s 115 s 1) HBIE S HUE R it . S+
I HSEERFETITCRENANE NG (O R IR
i BFESRFE R HE S W AR U IS EUE R

iZ R, () = »,\':F' Q jﬁ”ﬁi‘ﬂ

= . , I
A e, A AR - T HEA XS E .
19“ri<t<ui+l
Nio (D= .
0,otherwise
— u; ; —1
N (D =——"—N, oy (1) +—
Uit W Wit rr1 — Uir1 s (3)
N (D, k=1
g 0
=0
FE 0
Hrp ke U R
U= I:Uo’ulv T Up s Upt1 s Utz 0"t 9%z»3@x+1""9%z+k+lj:
LA L
k+1 k1
[a, As 9 Ay uygﬂ,ukﬂ,‘",u,,,b,b,'",b] ’
N —

k+1 k+1

WH a B0 DML wery s werz e s w, BRI AL,
AL, BB EIBIR S AR E U SR
oI TSR EH a1 R A QK
FUE RN w; BUIAH
3.2 EEMAHE
SR T (O TR

P(1) Ro. (1) RiCio) R ()] (Qo

P(t) Ro.. (1) Ry.(t) R,..(t) {Ql

P(ts) Ro.w(ts) Ry, (is) R,..(ts) ) (Q,
ERXMRBIEX RN N

P=RQ . (4)

RS S L RO B R R TR A A(E

TS HEFE R BIATAf E 5 % 8 3 RS2 07 B H:
W MEANAETE . AR AR T R i Q, U
MFF R R'R Jy—J5 B¢, Wl NURBS it 2k 1) 4%
il s e i Q AT L o fe /N IRk ORI OR
5.

Q0=(R'R) 'R'P
3.3 BEHHBIKERE

(5

3.3.1 AwwmAETENEAFAIHMA
KA E g ot gk, HoFm d fp 2 5ok
SEMBEEBIES H (x5, y)(G=0,1,,S) %

B NURBS £k P(o) 3% B XSHE o« %)
M E AL F S P o) 55088 A H al A Rk
T B S S (BN B bR pR B, B

< ZQwN (1)
S| —n
DI pPp—H | ZuNk(t)
i=0
S+1 S+1
(6)

ZHARREBESHERE (KRR UK
20 TS AU W= Cwy s woy s ooe s w,) I BREL .
3.3.2 ABHEAEFEZAAGWREL

f =X C6) AT A 4 R AL TR
Ak 1]

f=min f(X)=min f(t,U,W) , D)
HDOHF X=Cay s apse s x,) WEFEALEE &, 16 5
%ﬁ%*ﬂ”\,ﬁ\jﬂ/\ﬁi p RO AR A5

X X=,U,W), KX 6) F/ME R T 52 2%
R AR e A A Ak ) R 38 A% B30V TE SR i 52 2 AR 2tk

R/



838 e KE TR

5 20 &

Yot in) ey HAT B 2 b, B ZEs Ak 2
S AR T A B R O UL TR E R A
Pl e 28 X AR S AR SR I Sl e
PE2E . AR ek it st AL Sk g AT i Ak, SE B A
il S A = R S S (T I

K SEH R 5 B — A FE AR — A
I T AT 2 o R N (1Y) PR YR % A — R B S
B A 1 e €04 5 Ry DR AR A 22 MR 1 B 0 S S
SR HIEE T A fe /N AR IR BB SRR AR A T
stepl. ML= © 446 FEAA 5
step2. MBEIR T R HR 2 K XL XP fE AL
i
step3. & JEE] [ #h M4 5 g i R 0 Ak 9 A8 A
M7, 2 A X, XP R BLX -« IRA X
RWE = A TR XS TFRR B X
MICER xf MAERE S oA NIX A [ ) 2 ] Bl

BLE I, Hor
2 =min(xl, &%) —ar;
¥ =max(al, ) +ar (8)
ri=|xi—at|

xisal o XN XA i N IT R e e — 1 IE
LI HL 0=0. 1

stepd. WNACAR X, X2 Al ne TSR £ H
PR/ 2 A AR e ROoR 19 2 AR X
X

step5. 17 2 75 Wk 2 2 1k 26 L R 6 2L 001
step 2,

TE {0 382 4% B 1 S 0yt 4 o A
2k 2R A3 T E S VR I e R A A R i 2
A TACE AR ek B S F 080/ o Tl R 158 E A5 1 )
kG

4 ATMHEAFF KMEEZ B bl
R RAEIE B

4.1 HEIBHMAREEBSNHFER
Mt AR A &k P(o &
A HCRM A A (s y) (B=041,+++, V.,V R
FMEEDEIhZ PCo I, R E S
B GG=1,2, -, M, X5 0 9 5 4 [ el il 46

J:,'{—:T\ P(r(t,),y(tl))'ﬁ‘z}ﬂﬂ)ﬁ Ah(\rk,yk)lﬁ‘lﬂﬁ% ki
A/ g /ME B O s B A 2R R e R
v PRI L E A p il £ 0 B 0o B R SRR
N

0, =min( g ) =min( (o= aCt) P+ ye— v 1) .

€D
4.2 ABEHL Halton 51
PLBEHLELT 51 B % 35 57 Hby 70 16 >R A 25 1], iff
TS5 S RE vl & L IR 0k © 9 sk o g 1 4R (E R
oy BEHLOE A 45 22 AN A L R R Y 40 BE AL
%4 Van der Corput J¥ %1, Halton J¥ %1, Faure
J¥ %1 .Sobol J¥ 41, AR HPIBEHL Halton J7 51
TESHCRHEX A ESHE ((i=1,2,-,M) .M
A H UK B ¢ 249750 3t 75 39 SR B X T
Halton J# 41,
Wb R, T — BB R, k=0 W DL SEEL b
TN
k=db'+d; b et dibtds (10D
Hr d,€{0,1,-+,0—1},i=0,1,,j, &XH
bR E b, () h
b () =dy /b +d /U +-+d;/b. (1D
HEX TR k=0,6,(E[0,1],
Halton JPFI 5 k0 R XD KA,
WERTL by s eee s by F d ASAS TR 0 FE 50, W) AT A5 3] K
BER L d 4E Halton P8 { ) 0005 2y} » HHFS
S e NITER N X =, (k— 1), b, (k—
D" k=111,
4.3 HEZH
MATLAB H# 5L ) 5B 5 a8 7. B
FEA B B AR M, 1] MATLAB 4 5 A2 il 4
Fitl Halton 7 %1 B9 28 £ 3C 14 (funHalton. m)
SR ER 2 e e R R R AR R O L SR U
BEHLT 51 A S 008 K e i 3 B el R 04 S5 R
BRI .
stepl. W& S EUEBH M., 2 5UE R AE X 6] K i
A, PR AR R R BE B IR (A oL I AR AL ¢
=1;
step2. £ E WS HCR A X 7] A funHalton. m
P MASZHUE
step3. THHM & A B S8UE 1,(i=1,2,-+. M)
JIEx R E A AR A PCa() s y(e)) B ES



%54 i 75 22, 45« O e AR Bk 5 LR HIL I 51 25 6 VA2 1l £ e R R 2 839

stepd. Tt A, Bl A M & i B IR oF, B of =
min(pf) (i=1,2,+,M);

stepS. FIWT [ oF " — of | & 75 0l & TSRS B R L A
A RN E M=2 % M, g= g+1 ¥ step2;

step6. Fr I T Ax (s yo) B H T ZRIE IR B 6,0

5 S5 R

5.1 {AEXHI

R T B E  AA e X T2 y=sin
() AEX A € [0,4. 6 JEERIFF 0. 1 H—M M, 3
B A7 A BB AR B B SR S S8 e A A
BEE A RE RSN AR BE R B 1 O 20, % 0k 5 1
Fy e KA EL 50, NURBS i £k v #5083 . 42 il
TR 5O 5, 28 gl i agt 4% B ok A il 2 O H A R
BB E 1, mE 1A AR 40
AR, HAR R}y 0. 012 1, 0ES2 T Fr a4k
4 R R B

0.019¢
0.018f
0.017 _‘
0.016f
0.015f

Objevtive function

0.014F

0.013} —_H_\
0002655775 20 25 30 35 40 45 30
Evolution generation

Bl BfsmBt e

Fig. 1 Optimization process of objective function

SR AR 5 ) T AR AR A [0, 00, (0,057 9,
0.0206), (4.3128, 5.3656), (1.911 2,
—0.077 0), (4.605 6,—1.026 1), AL {EH N W=
[0.876 2,1.417 9,0. 356 6,0. 896 8,1.259 7,75
AR U=[0,0,0,0,0, 0.025 1, 1.000 0,1. 000
0, 1.000 0, 1.000 0, 1.000 0, 2 k& #J5 )
Mk & . SR FHAUBEHL T 5 7 A4 R W 50H S 50E T
B O/ 2, 3) 3 8 il 48 ) 5 6 B L 1T 30 46
WA PR, h R AW Y S HEH R 50 B, 255
i £ e Jo B B S B R 22U 0. 83 %, B =

BOBCHE BN FER 25 (H 2 B AP I IR SE T B
75 RE A5 DR RS B S Ak 21 il 42 109 e A

Y/mm

0 05 1

15 2 253 35 4 45 5
X/rad

B2 FEEmmL

Fig. 2 Reconstructed curve

x1 HEXGPRIHEREES
Tab.1 The shortest distance from point

to curve of simulation example

SHEHBE M B E  ASOMEE 2%
50 2 2.016 5 0.83%
100 2 2.012 6 0.63%
400 2 2.012 4 0.62%

5.2 XZNEH

& 3 k%M PLITZ Hitech LV-800 jin T.
DL —Z LY L R 58 B AB Bl
— [ W TR LR R A2 0. 15 mm,

K3 FELyE
Fig. 3 Figure of parts

KM 2 % Renishaw PH10T H 3h Ml 3k 1
NC454 = AeFrill A% , X A AB il £& B ik 47 Il
LA R R 2 ron. 2 AR E RN 400
mm X 500 mm X 400 mm, fix K 2 7F 7/~ H iR 2N



840 b=

MPPE;:2.1+3. 3L/1 000(pm), L: mm, 4t T K
U 1 AR RS 00 2 I S 06 28 B BE R FE 45 I 7E (20
1) °C I B E E L PRt AT DL 22 W B 35 X6l A AN
2 BE SN, BRI A B A BT AB B
E6 AR HATHEEERETE RS 6 MR ER
PR 2% i KA M0, 056 pm, T B S I B AS 0 o 2
(8 32 L5 e PR 2R, o0 S I 540 45 R R K,

®2 TNBE

Tab. 2 Practical measurement data (mm)

No X Y No X Y

1 0.000 9 0.001 22 13.12514 —0.020 9
2 0.6252 0.746 3 23 13.7507 —0.357 8
3 1.2508 1.470 2 24 14.3754  —0.6200
4 1.8749 2.1504 25 14.9996 —0.8018
5 2.500 6 2.766 9 26 15.624 4 —0.901 1
6 3.1252 3.3022 27 16.2496  —0.9199
7 3.7508 3.7417 28 16.8743 —0.8635
8 4,374 4 4.074 2 29 17.499 8 —0.740 7
9 5.0009 4.2923 30 18.1257 —0.56314
10 5.624 8 4.3929 31 18.7500  —0.3457
11 6.2491 4.376 9 32 19.3756  —0.103 8
12 6.8756 4.249 3 33 20.000 6 0.145 4
13 7.499 3 4,018 8 34 20.624 7 0.3845
14 8.124 4 3.697 6 35 21.2497 0.596 4
15 8.749 5 3.3011 36 21.8755 0.765 5
16 9.374 0 2.846 5 37 22.5007 0.877 9
17 9.999 9 2.3530 38 23.1247 0.922 2
18 10.624 9 1.840 3 39 23.7501 0.890 2
19 11.250 7 1.328 3 40 24.3754 0.776 9
20 11.874 4 0.836 1 41 25.000 6 0.581 4
21 12.500 7 0.3812 42 25.6259 0.306 1

W T R BE
25 TR
20 ° o }vﬁﬁp’ffl’innﬂz
15

¥/imm

_10.
15 \
205545 15 20 25 30

X/mm

B4 SE o pR f E A

Fig. 4 Reconstructed free-form curve of practical parts

SUENE A R R B R R R E R 0.074 6
mm ., U il 4R 58 B R 220 0. 149 2 mm,

WE NURBS i 4 80 4, 42 il T0 s 80
6 SR FH o 38 % B 1k vl L 00 B BB HE AR e
J o SR A 4 4 TR AR AR Dy [€0. 002 5,0, 003 2),
(0. 005 0, —0. 191 7), (13. 038 1,20. 820 6),
(15. 419 3, —19. 715 1), (9. 412 7,5. 645 4),
(24.923 1,0. 652 8) ], AUfH R W=[1.289 7,
1.682 2,0. 653 0,0. 450 2,0. 336 3, 0.884 17,7
A RH U=[0,0,0,0,0,0.050 4,1.000 0,1.000
0,1.000 0,1.000 0,1.000 0], H &5 £k AB
WE 4 s, el AT O o A 2 BE A% AR 4 b a3
R0 B HOEE A

BT HIBENLT 535 5 — ) o 3 51 4 [ e il
RN B RS T REE S T 3R 3, i R AT UL A

®3 MR EZEHHENREGHES
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point to reconstructed curve (mm)
No HEMHE & No Ok No O
1 0.025 8 15 0.036 3 29  0.0552
2 0.041 3 16 0.0159 30 0.0513
3 0.047 6 17 0.002 8 31 0.043 0
4 0.044 2 18 0.007 0 32 0.030 6
5 0.030 9 19 0.011 5 33 0.014 7
6 0.006 9 20 0.011 8 34 0.004 7
7 0.029 6 21 0.010 6 35 0.0250
8 0.074 6 22 0.008 4 36 0.044 1
9 0.017 5 23 0.007 7 37 0.057 6
10 0.043 6 24 0.0111 38 0.0607
11 0.045 6 25 0.020 1 39  0.049 8
12 0.026 3 26 0.034 0 40 0.024 5
13 0.005 3 27 0.046 6 41 0.0119
14 0.063 4 28 0.053 9 42 0.052 9
6 4% ®

PR T R AR R I B R
R IR L . FIEE A b i gl ik 4
— (BT 2R3k 3 AE AT R B B R 22 TP B, T
T AR A O 0 B ORI A 5 R AR R B B —
000 i A R AR B AR SCHR T AR S A B
B FEA SR B 4 O ek 8 AL S vk A
A H WAL T Halton J37 5138 51 77 4 2
B 00 1T 53 A 3 o S I S 1 e R



5 4 3

I 75 22, A IR AR B vk S LR HILE 91 45 5 1T B el 2R 58 B B iR 22 841

JETRZEVERE T 7 4k, 45 1 1 b ik gt A% SRk
FI A i 2 KR HTHUBE LI 1) A= il 2 (B SR e i 2
il £ dr A ) AR AP B SEIR A R IEWT : A

S &k

(1]

(2]

(3]

(4]

(5]

(6]

7]

XU Y, JIANG J, Li Z X. Cyclic optimization for
localization in freeform surface inspection[ J]. In-
Jouwrnal of Production Research .
2011,49(2):361-374

CERARDI A, MENGEGHELLO A, SAVIO G. Form

ternalional

errors estimation in free-form 2D and 3D geometries
[CJ. International Conference on Innovative Methods
in Product Design, Venice, Italy,2011:550-555.
Rk, FmA L £, F. A MR ERZTE
WY A R AR IS R R[], AL B AR & 4R, 2002, 23
(2):115-117.

ZHANG L, GUO J J, JIANG R, etal.. Self-adapt
adjustment of coordinate system in evaluation of
freeform curve profile[J]. Chinese Jouwrnal of Sci-
entific Instrument, 2002,23(2):115-117. (in Chi-
nese)

WmEER,PAEF. BUGEIEEITE A%k
M R 22 )], ¥ % T Ok 5 12 4R, 2006, 26 (1)
33-35.

YANG M, LI P, LU CH X,etal.. An approaching
method to evaluate profile error of free curve[]].
Jouwrnal of Xi’an Institute of Technology, 2006,
26(1):33-35.
R LKA E R EET R RN L eV ih
KRIEEREET] £ AH T K FFIR,2007,33
(6):888-892.

GUO H.MA Y Y, PAN J ZH. Error evaluation on

(in Chinese)

planar free form curve profile based on genetic algo-
rithm[ J]. Journal of East China University of
Science and Technology ( Natural Science Edi-
tion), 2007,33(6):888-892. (in Chinese)

AP, B, R R F. TG 5 R
5P (1] kg H % T42,2009,17(2):395-401.
WANG ZH, CAO ] ], ZHANG L K,

Measurement and evaluation for profile tolerance

et al..

based on images[ J]. Opt. Precision Eng. , 2009,
17(2) :395-401. (in Chinese)

AKEMI G, ANDRES I, JAIME P P. Iterative two-
step genetic-algorithm-based method for efficient
polynomial B-spline surface reconstruction[ J]. In-

formation Sciences, 2012,182(1) :56-76 (Available

A BB IR 22 P M B | T 9900, 4R il U5k
ANASUBE R TR B B DR T L VY E R R 22
R RE o 35 T AE TR e N,

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

online 8 October 2010).
A BT K] A i 1 a5 B S 2k dR /N BE B Y
WHE L] vk 42, 2010, 27(1):82-84.
QIAN CH. Computing method for the minimum
distance from a point to a parametric curve based on
the interval Newton method[J]. Journal of Me-
chanical & Electrical Engineering, 2010, 27 (1)
82-84. (in Chinese)
B G T vk R R A R 3 B S T £ A
el AT RS EA, 2009,45(10):163-
164.
LIAO P. Fast calculating minimum distance be-
tween point and complex curve with subdivision ap-
proximating, algorithm[J]. Computer Engineering
and Applications, 2009,45(10):163-164. (in Chi-
nese)

1B, R, SO &L SRS RIS U4
fe/INBE B LA B [T, ALk %3t 5 ) i 2011,
9.:15-17.

WU L F,CHEN Y P,CHEN Y H, et al.. Algo-
rithms on calculating minimum distance between point
and spatial parametric curves[ J]. Machinery Design
& Manufacture, 2011, 9:15-17. (in Chinese)
REBEE, LA FHIAFEBHLIML I
A IR R, 2010.

ZHAO G, MU G W, WANG L ZH. The NURBS
BOOK [M]. Beijing: Science Press, 2010. (in Chi-
nese)

WEN X L, XIA Q G, ZHAO Y B. An effective ge-
netic algorithm for circularity error unified evaluation
[J]. International Jowrnal of Machine Tools & Man-
ufacture, 2006,46(11):1770-1777.

LEI G. Adaptive random search in quasi-Monte Carlo
methods for global optimization [ J]. Computers
Mathematics Application,2002,43(6) 747 -754.
MAARANEN H, MIETTINEN K. Quasi-random
initial population for genetic algorithms [J]. Com-
puters and Mathematics with Applications, 2004,
47(12) :1885-1895.

WOLFGANG ]. Quasi-Monte Carlo sampling to im-
prove the efficiency of Monte Carlo EM[]]. Compu-
tational Statistics & Data Analysis, 2005, 48 (4);
685-701.



842

5 20 &

1EE @It

BHEZ(1966—), L. N HEEAN,
% .1988 4F TR BT ML T K 23R 15 2%
F 20, 1991 4R F bl R A 3R AR
27,2001 4 TR MK 2 K15 11 2
A7, BN S T TR B 1 Bh Ak e @l e
K, FERFG T 10 B RE T T

e K EITEH R, E-mail: zdhxwxl@

njit. edu. cn

BEE1966—) . 55, N 52t M A A
RS I, 1988 4F T oK R TR
ARG, EE NG REER
wom TR J7 | o BF 9%, E-mail:
zdhxzyb@njit. edu. cn

FHREREA973—) L mm H AL+
WFSAE . PEI0, 1997 4E, 2003 4E F 1 &K
BHEE R4 AR AT 2+ I 2, &
B TT I K % T BR . E-mail:
zdhxwdx@njit. edu. cn

REEEF (1963 —), B ITHEMH A, #
$%.,1986 4F-,1989 4F F 47K 1.2 B 43 5
PG A, EEBE D RN
BB AR VUK A 314k, E-mail: zhuxe

@njit. edu. cn

EARFA982—) L LRI, S
Ui, 2004 4E TR M R4 4R A 2 2 fir
2008 4F T 7 5L ME HL K A% 4R A5 B A 2
i, FEE BT 10 AR AR 5 RE &R
45 F G A B, E-mail: zdhxewf @ njit.

edu. cn

@ THAT&

BAMGIBETHFRRIRIT

FRFABE IR RAR B AHE
(LPERZR KELFBENRS WEF R, EMH K& 130033
2. ¥ ERFER R ER,AE 100039)

R T Sk A R A X KA N AR R o B R AR A T 2 R Bt T R Sk A R
wl B RS, HRGRM 4 X3 BEFIXHRS], B 12 5 MR 33° X 24° ) fm it i 018 H 5 &
GPHERRIR B RS, LU T REN KA. BN cHERRN - EHEUERGE R E
b, 35 5 —TH R 06 A 5 T R R R A B ARCE B B R S 022 L 55— TR AR BR IR AR I
HEOL RGEBIWI | m PR AR 2, 50 I m iR o 65 {0 s 58 B2 L 0 BE R 1 OLED 7R 4 1E h 1
BUE . RIHEE R R RIR B2 KRG AKE 8 2] 120°, B B R 607, M 43 BF3 S 43 pixel/ (7 ;
B HBE R G AL 38 REAE 40 Ip/mm &b B & T 0. 62, 2B E T 0. L REMAE/NT 3% RE
BXCH AL R 160°X60°, X H EE MR 80°X60°, REERLA N 31.2 g, KAWL L& ERE
FRGEMBURER L T RENR R AR A E B ER I B TR MY .



