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Abstract: In view of the importance of surface shape fitting precision of free-form surface model in
researches such as free-form surface representation and selection of initiating structure of surface

shape, the influence of different sampling point distribution patterns on surface shape fitting precision
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of the Gaussian Radial Basis Function Based on Slope( Gaussian RBF-BS) model was investigated. An
off-axis quadric surface and an bumpy paraboloid were fitted with different sampling point
distributions which were uniformly random points and edged-clustered points. The results show that
the uniformly random grid is better for surface shape fitting due to the high precision. The influence
of sampling point quantity on fitting precision remains constant when certain fitting precision is
reached. The off-axis Three Mirror Anastigmat(TMA) system was optimized experimentally by using
initial surface shapes generated with different sampling methods. The results show that, by using
initial surface shape generated from uniformly random sampling method for the system optimization,
the average Modulation Transfer Function (MTF) of whole field of view is more than 0. 72, which is

much higher than that by using surface shape generated by edge cluster sampling points. Thus the

theoretical research results were verified.

Key words: optical design; freeform surface; fitting precision; distribution of sampling points

1 7]

qul

BE A LURRS %5 <6 W7 D0 11 A O AR A 3R
pIBRS 5aUUEs 3 N C - el = Wi TR R 7/
BHE ) A s A el it AT DATE — A 3R T )
I} S B 22 Fh DD RE L 78 32 v G2 PR RE L TR A 45 49 J7 T
A7 AR BRI T L O B, SR, B e
AL F R e L 3R % s A8 A 5 A X TTIE R A
i RE 1 BRI L DR 40 GRS BE S A el it
T RAEB A Y EZEM RN A Z Y, Al
AR FRAEASE IR 73 Oy R S« — 282 LA 4% ) ok B0 AR
A BRI o5 — 282 LA i 42 ) ik AR 1Y
JCHE PR EC AR S A (A B R A A A i R AE
iR, Zernike 22 502 14 2 J 58 Ay 3 o (H B X R B8
e A R 2 T AR 22 AMEERE AT PR L AROME 3k 21 i
RGP, EL A R 3 R R AE BE
(1 R ST AR [ BEASE AR B Ry S AR (o R

A v BT A8 1) B AE Y 114 Joy B AR L, A R
AR I T OB T mOE R R R T AR ) R R A
(Gaussian Radial Basis Function Based on Slope,
Gaussian RBF-BS)M, R [F] F 1% 45 1 i 42 1) 3
BB v B A7 B oK BOE AR R (A A ) 09 R R
Gaussian RBF-BS #5274 r e i 452 784 Jmy $al M 1) JE IR
PR 15 T A8 58 RH DG IBC o DAY a2 455 28 06 Sl X PR 4
T A AU R 2 g A 0 oo B A o] HE AL 1-2 4>
B G, BT i 1R R A RE 1T

TG BT Rk F b T W) 46 S5 A 7E — & 2
JE Y RE T R G TR 2 A e, —

AT L T AR AR A S o O AU E R A
e Am RGN W B TIE . BT LR
R G AL PR S — A H A4
BN BE A S e T A Hy T AR AR B Y T R AR
AE T Bz 1 RGO AL BT A il T Y
TV IR A5 o E 1 52 me fe 2 AR AL B2 2R . R
PSR 62 R Y T UG R 52 B 3 pR
HOBCE RUR BE SRR R S 2R A S
T e A B T 8L o s SR mURE VX THE UG K
JE 1) 5% ) SN R 2 BRI [ N 22 F O A X SR R
FURHE S O UG0S B 0 G R AT T 05T . 1S 3E
GEWESE T Zernike 22 10 3 T £ SR A AR B X 4L
FOREEE I 52 Y B 2 LR ST T AR S EE R
Zernike i 11 101 JE #0045 69 5wt i i 95 U S )
MEETLEE Ty T X Zernike 22 100 2 #h i 480 A 54T T
WEoEte . X ELRFSE R L R AE ATAE S A
KRR EZEFER, EIMFFRAEIIIT T RIS
HUL K i i A aRENEm, GW
Forbes #F5% 17 5 T 1E A2 B 09 B i ith w45 7
B IR T OE B LA R 2 R R,
Rolland W M ABL5KE E 55 SR A 0 23 A1 5 2 1 40 )&
X} Zernike 23 DL K Q 211 B B LA
PEAT T AIFSE . i i o0 B LA R SR A 2R
T R B H X Zernike 22 WA AR A E B L&
K BE 052 ) L 48 1 7E R R BRI R 08 1 25T L il
TR SR A S T 4 A1 R 2 o0 400 3k A 1 S SRR R
TR DA TR 40064 B A AR R s e
YEH B XTI F 98 T Gaussian RBF-BS 5 #l
M Zernike #5581 T IE RAEGE J1, IF B A =2



1566 ﬁ%%

k% TR

5 24 &

RGP T BRI R vt P R 2=
ST RE S, BFR R B, Zernike #5 % 5 Gaussian
RBF-BS 8 A {8~ 2 3k AR AN W) L il HL
AL () T B FAE RE 1 R 22 °F i BB 7 oA ]
A 2 5 A &5 A O ) Gaussian RBF-BS i
RITESG 2% R GV T A5 8 58 4 (9 0 BF 5% R A
JUO AT R Z AR T Y 0068 B Y 5 ) LA B
B

AR SCHIFFE T P SRAE 10 A1 28 Y LA KR R A
B H % Gaussian RBF-BS # B 11 1 L & 48 & B
SR G ok X LG R A LA A R S T aE T
Gaussian RBF-BS #5528 (%) R A o 40 A 25 AL, I DA
B = R R GBI 0, o A LR TR A R SR AR
O3 =B BRI AR TR J5 &R 48 AR SR Ak 45 5 L 59 E
T B AT A R R R

2  Gaussian RBF-BS £ A

2= A Bl TE ) Gaussian RBF-BS 5 7 %
kR,

2
L=——+ a;0i(xsy) =
I
2
+ ae 5((1 10)+(r30)) (])
1+«/1_Cr‘2 2

Ferbs Z 0 el T AR AR O R AR — I 0
BRI, ¢ S W) 46 3K T T M 3, .y B A AR
By r= /2 7 DR R A AR 1] B A AR 5 B I
BE PR @B NI, a, k) K pR ARG 25 8805 ik pR BOCR
FH e 0 R B T 3 s yoi) S 5 PRSI oo o7
AR BR . e o HE BRRL R GG E SR BRI IR

B G v 30T A 1o HEAE AR A 7 BB A ] 5 2
(¥ THT JE 40045 il 3 32 R ) R, A SCAR 416 5 R K0
A0k A7 TR T R 15 - 249 78 Al 3R i 8 2 e O AR
W e il e IE HCT A il 1A JR) 350 T B AR
T 2R vog A8 P R A DX I e (L8R5 DA T 5 R K0
AR 23 5 O 4 50+ e %) S BRI v O B AT T DX R
P A8 2K i U0 T K A R T X T A At DX R
e AU A B EE/N  1ULA AT O R B T B9 SR
P DRI B AR AT 5 e 1 T UL 5 RS

3 KB ESHAEARSMAS LT

FI by gt TR L ) S AR A P e /DN 3R SR i

FAEAE A v 2% J00 3 o B R B . TR SR FE
S A 7 A B B 5 e RO BOR R 25 R AR
Lﬁﬁﬁ%?ﬁﬂﬂﬁﬁﬁl%%&o PRt 3 B SR T
ol A ) £ 2R Ao a0 A1 6 TR R AT 50 SR AR 5 20 A 6 T
AR . Horp — Bl 2 st i
(1 7315 7 2o BRIV 3% 2 Bl BIL B SR B i O A . X M 4y
A S R ¢ 1 S AL A 9 SR R A B X L8 SRR
A R AHTRE S0 o BT B0 [ Hp 3 S B BILR A 15 21
I3 — R o3 A5 SRR T G A v BURAE w5 00 A AT LA
A 2o Xk 249 ) AL 23 A1 9 SR A el TR AT A 1) AL B A2 iR

) A b Txp|. b

) R o' =sin
o 43 590 S 389 50 B AL 43 A1 340 2% 48 vh 43 A e (9 42
] AR AR X B R CR A R4S A BN 1 TR

1
-1 -0.5 0 0.5 I
x/mm

(a) 1 ZR B P RUR R 2540 AR

(a)Edge-clustered distribution

-1 -0.5 0 0.5 1

x/mm
(b) ¥975] BEHL Y SR AE 55 53 A

(b) Uniformly random distribution
Bl 1 SREE A A
Fig. 1 Types of sampling point distribution



57

B T A SRR 20 AT 0 R T R R R AR AR Y ol S RS B RO 1567

T WS TR SR B 43 A 2 B R R X
Gaussian RBF-BS #% R 1] JE 0L & 4 BE (19 5% i), i
PEPIRNEDE ST B0 G SR

S — P Y S B b vk ot i, L DR %A X
mrEe
Ce,x+eyy?)

fCxyy) =

(2)
FHors o J w0 TR il 3R R AR BRI R B0 B ok
c,=—1/455.4 mm ', k, = —1. 306 y J7 [ [ T0 455
iR AR BRI R K o o= —1/455.4 mm ',
ky=— 1. 3065 A 2 M 4 K 110 mm. & &l & X
50 mm, % H il R E A 2 s,

3
o 2.5
g 12
£
4] 1.5
0 A 4 !
60
30 : - — &0 0.5

0 N 30
yimm =30 3 - '30 0 0
-60_g0 ~ x/mm

P2 gl A TR O

Fig. 2 Sag of off-axis quadric surface

55 UMDY & R i . I B
— S I R AN A B o T A A
N T BR84S F 0. 92 HAR
b 0. 36 FIARAL (YRS 7R J3E o KO AT 0. 86 24k,
R, X A R BE A A T AR 2 iy, A
FHBEAMYNE, HEERsRm T,

z:%ﬁ—ﬁ—o. 056*0.25[0(*7)2+(y+6)2]_~_

0. e I HGID g (g 0BG (DT
(3)
B AR L% A Rl TE R A 3 TR
LB U T A B 2R TR AR YA B
TR 2R ve5 A8 Ak B TR A8 3R AR AR AR, TR L
JEE (14 T T 400 1 X B b oK

1+ /1= (At k) E T Tk EyD)

0.12

0.1

0.2
=]

%0.1 0.08
=11}

S 0 0.06

! 0.04

0.5 |
0.5 0.02

vimm

0

-0.5
=0.5  x/mm

-1,
&3 R 4 A T R R =
Fig. 3 Sag of bumpy paraboloid surface

4 \mTMMELEREHH

S rh 245 BE L 23 A R0 3 2 A v o3 A R
RAE R A 28 AL A R AR AR AR SRR R
Gaussian RBF-BS #5278 X} |- 3% ) F [ ¥ #F 17 2
PG el T A SRR A IR T
R VA AR (14 ThD B 4006005 B

& 4 Bl — Yk il ) Gaussian RBF-BS i
BUUA AR . SR EBH N 3 000 4, Hk ok %L
64 TR & 4Ca) (4 (b) 43 1) A SR A L34 A B
BLBY G313 F s 2 46 v Y A 07 A0 6 45 2 69 T P
K%

; =107 P
E
E
5 0
]
=I1]
-}
vl
=155
60
; _ 60
0
i
s =60 -60 x/mm
() Y5 BEML A A R LA 5 B DS % 8 22
(a)Sag errors with uniformly random points
Eals -
£
£
§ 0
B
g}
(7]
~1.5
w 60
0 i !
ymm
i =60 =60 x/mm

(b) 3L G 8 vp o3 A SRR i AL 9 TH IR O 18 22

(b)Sag errors with edge-clustered points



1568 b=

T TR

5 24 &

x|(j”

24
22 !'- Edge-clustered grid
{= Uniformly random point grid |

E 2
A
=
18

1.6

1.4

1 000 2 000 3 000 B ﬂi](i
N

(O AN TR SR A543 A 28 Y 014 THI T 4006 G B8 SR A i B H
Y421k
(c)Fitting precision versus number of sampling points for

different distribution of sampling points
B4l A [ SR #F 40 A1 0 8 il — R ith vi i OE #L A

7
Fig. 4 Fitting results of off-axis quatric surface by using

sampling points in different distributions

A () & A [A) SR B A5 43 A1 2 B4 Y T TE U
REEERERAE B B8 et &, 4o AT LA
Fih 7 Gaussian RBF-BS #&% # $ & 55 il — vk il
T P o R s L TR R A 0 A 28 R R X B ]
MEIL W RN USSR DEaRERS T
107" m %%, ERFEAEAMFNFAGT. 5
By Sy BAL Y SR A 20 A5 AH LG, 32 % 4R v BLR A SR
A3 AR T LA R 1 RMS {8 8 5 . BRI 35 5 b
BLRAF 50 A BEAT TR 405 BEWE 3R A5 B & 1 THD P
AR . XS5 R E4Ca) FI 4 () K w5 22
Sy AEAE LA AT B R A Y[R  BE SR AR SUECH 1Y
% fd PR R AR S AT R B PR TR LS S
1 RMS % {E 728 Ak R B2 /N ik 1 B 3k 31— 5 1Y
PG BE S o SR 0 X RS AR TR 005K B 1Y
AP N A

K 5 J& Gaussian RBF-BS # A48 H7 ™ #2119
U7 NS EEE S I PN A A NI /R i
JEE AR A B 2 1 B R A R AR A B e 1Y
AR . B 5 Ca) 5 (b) 43 5 K R AR B H N
3000 A, FERR Y 729 RS, LAY 5] BE LA 43 A
30 2% B v B 53 A 7 SUTE 4 DR N ULB 75 31 1
R A T TR R 22 . TR 5 (o) R TR R A
JO3 A SRR T AU GRS B B R AR 8 H 28 1k
Mgk, M 5Co) AT LLA . £ Gaussian RBF-BS
RSP G i3 1 S A 40 00 T O B SR AR R E Y

Mz ek EERERREREAENBESE, R
Eb 4 YRS S QR R Y I NP N R SN
F8 1T B Ak SR R S DA 5 e 405K BE . 2 SR A AR
HHET 2 000 B, BRI E K E B A #] nm
T AUE RS BN A2 R A S E RS SR A R
SR ER SR EFEREZ —, Wi,
TEMA GG BT AR A A SR AE S8 H L G4k b Al
KM R0 A HEAT DB 805 05 19 RMS B 18 FE
TSI BEML B R A £ 00 A1, B30 2% 4 vh RLR A
3 A B 4006 AR T 1 5 B ALY SR A A5 20 A ) 40
R,

e W B M LA g B 45 R AT
Gaussian RBF-BS #5822 3K | — & (9 [ JE 305 kS
JE R R R R O HL G AR PR A
FON RS BENLAL Sr A . TR IR —E R LA R
J& » R AE B E OO UL BRGS0 AN B L T £
8 SR 5 B 2 1 N 0L 5 s B L BRI DL S
EH IR AL Zernike £ 30 2 A5 A ff JH]
G AR TP RLR A R SRR TR R TR USRS
FER L DR SR A A A O R TR TR 1 it
T 2 AEASE 2 1) THT 2 405 K6 J8E 9 52 Wi 2 AN AR ) Y

x10°°
4

Sag error/mm

ki e
= "0

‘“"-I—/E' y/mm

0

x/mm

Ca) 392 BEAL A R B AT AU Y T 2R 22

(a)Sag errors with uniformly random points

<107 ‘
4-

Sag error/mm

_ir_"‘—‘-——______ # i _'/‘,.—- 1
i ST
x/mm 1=} y/imm

(b) 3L G 8 vp o3 A SRR 4005 I Y THT TS O 1o 22

(b)Sag errors with edge-clustered points



57

B T A SRR 20 A 0 R T IR R R AR [ FE ALY B [ R T LAOR BE RS R 1569

107

== Uniformly random point grid
wm Edge-clustered grid

10}

RMS/m

1{}'”5'

109 ) )
1 000 2000 3000 4000 5000
N

(o) AN]SR A 40 A 28 B 1) T IR 006 G B2 R A R B0 E
728 Ak
(c) Fitting precision versus number of sampling points for
different distribution of sampling points
(&5 o FH A [R] SR A A 43 A1 A4 o A 1Y) 40 0 1 TR R 8L
EEES
Fig. 5 Fitting results of bumpy paraboloid surface by

using sampling points in different distributions

KM 55 40 5 KX Gaussian RBF-BS i #l
M Zernike 22 WA AU T8 I D& K BE (4 5% el =22 e
DL B0 58 2R Rl i 45 28, R I FE T Zernike £
T AR HY e — b 42 Jay P R AR A, UG i 2 rh R
SRS RNREESIE $IRTE S NN SN UL & R
TSR E 5040 A A 1 I 1T A 300 2 A 1 SR R S B
CIn P 1Ca) ) o AT A ) T T JE #0054 T2 1 $2
. 1M Gaussian RBF-BS #: #l J& — il B 47 & Ik
PERY RAERBAL 38 o 1 B 5 TR R AR DG B R
PR 1 (A 4005 e e v B0 O e 25 T AR N A A
Xof B8 5] B 23 A R L A 4 Ca) 4 (B R 5 ()
5(b) fras. WURR A GAE P A HRAE L &
T R A AR A AR N R RO R AR T A
PR A D05 K B 17 49 9 B AL 23 A 180 SR A 0 1
AR T EOE GRS R Pt . Bl TP GRS R
A4 A S R R I AR T E . P, 70
PRGBS R R Y ST BENL I A J7 KA Y
WA A AT RGAR B AL AT LIS B B4 i 55

5 &kt %4

R T HE— 25 BB A [ SR A A543 A D 2k B
FME N R GE VT v 0 by 45 ) SR ik 14 5 i) L A SC A
Bl = R R G, R FR S8R R = A8 4 R
A TA] SR AR 5 50 A AR 2 A R RBE-BS H H il
1] HEAT 1B 3RAE B2 R G Ak o8k & g i i 45 21
A% I R, A TR R AE o R 3 R AT 64

T, R RECE A 4 000 4,

BRI = RAEERINE 6 Fin, Hh =88R
42 50 mm, REEMA AN 110 mm, %
i TAEB K R 632. 8 nm, 3 +1.2°X +1°, 3%
HLAE 437 R B 14 S LY 0 &R A8 R ot

TERa %5,

36.76 mm

F/2.5,1%5°,3 mirror anastigmat

K6 eIl = RoaitA

Fig. 6  Schematic diagram of Three Mirror Anastigmat
(TMA) system

Scale: 0.68 ORA 04-Sep-14

ASCR HDGA B Code V X R GE#E AT
B KPP AL . R G = BE B W R S5 A 2 R T
Tl AN ) SR a5 43 A 20 ok T 48645 21 10 7 A4
RBE-BS [ i il 10 2% 1 . 108 40 & % = 22 i 7
JIE 7 o R TR 2 80 AR A X
S AN, XHEERESMZHELI0 Ip/mm 4k
(9135 MTF | B K W 722 s F14 40 3 1 24 A5 24 4
S VPAL ZR GE AR BT i ARV . TR AR R AR Ak 2R A
H®WET & M E e 22 8BS 2 R 45 MTF
M1 8 itz . WA R A 20 A 07 2005 B /9 1% 5t
W3R 1R,

x10¢

15
=10
£
ES
E
L+
g0
W
-5,
50
=" T 50
0™ o
ymm S }’
-50 50 x/mm
()P 5 R

(a) Uniformly random grid



paley W R (=
1570 G K LR 424 %
Fi2.5,1%5 dg,3 mirror
anastigmat Wavelength Weight
Diffraction MTF 632.8 nm 1
x10¢ ORA 11-Dee-15 | =
13 1.0 TheTocusing 0,000 00|
R R S— 0
E 0.8 e
s s 0.7
5
o éu.
o s
2
=5 Eoa
50 R
50 0.3
0 o
wmm 0 &
-50""5 x/mm ol
( b) ij—:" é% % EP %# i .‘ip:ni:!?lur.:'::quvm'_\'-lc)‘ctLﬁPI‘Lﬂlm 1y e He

(b)Edge-clustered grid
7 WIBELE K w251

Fig. 7 Error distribution of surface fitting sag

x1 AWHVBRERATER=RESHNGRETE
Tab.1 Comparison of image quality of two initial surfaces

used in TMA system

Max Average RMS WFE

Distribution
distortion/ % MTF Y @V
Uniformly random

2. 36 72.614 0.188 77

distribution
Edge-clustered
2.76 41.039 0.417 16

distribution

Fi2.5,1%5 dg.3 mirror
anastigmat
Diffraction MTF

Wavelength Weight
632.8 nm

ORA H-Dee-15 | =

Lo

e
=1y

80,0 100.0

20,0 400 60.0

Spatial frequency/cyeles = mm™')

(a) 2R H 38 29 5% #F J7 2045 B 19 ) 16 T2 X B R 48 MTF
£k
(a) MTF curve of system with initial surface which

generated by uniformly random grid

(b) SR FH 1 % 42 b 2R #E 7 A5 21019 ) 46 T8 X R R S
MTF Hh £k
(b) MTF curve of system with initial surface which

generated by edge-clustered grid
B8 PRI TEE T B i = R R G R N L

Fig. 8 Comparison of image quality of two initial surfaces

used in TMA system

T4 2R AT, SR 1T X SR AL AL SR A O 5
3200 46 1P A AT RS MTF ik 3|
0.72 LA b F R H N 2.36% . o1 TR 15
BEDLARLRAE s A 7 X R S EE &, R
e 15 22 A /N I LA AR B 0 W) 46 TR B 40 T
FRAR AL . R, X 1 1 AR N R i AR Ak A Sy Tl 2
(8 =55, SR T34 50 B AL 28 SR A i 43 A1 7 X85 15
R I B S SR AR, X5 ik
W4 R — 2,

6 % ©

A SCER X FE T Gaussian RBF-BS 45 8l B 55
TP AS R A R R 0 A SR, BV A BE AL R R
FE 5500 A0 F it 2 4 T RURAE A 43 A X Gaussian
BF-BS #8405 A i th 69 mE 4805 K B 1Y 52
Wi 38 A RS [R) R A A 25T B il — vt
TR R o7 R B 4R 40 T 1 AU 2R AT DL R B, 34 5
BE AL 2 SR A 150 A1 04 T TR 3005 K5 BE LS 2 B rh Y
KM R0 A 1Y TR 00665 B, OF Has 81— E 1Y
AR LT R R0 EH S 15 e 005K B T
ok 22 B SR AR ) 23 3 N U s B L IR A
BRFE, X—4R/RAETEAMKLT Zernike £
T A5 A {4 B 5% R 3B . X Gaussian RBF-BS £ #Y

ISA
w



57

B T A ¢ SRR 20 A1 0 R T TR R AR AR [ HEASE Y 14 el ot AL R 5 1571

T H T2 AE A T A B B AT — R Y B S
R E L., &5, Ve =R R G uit . o b
PO Hh A [8] SR 5 3 A I 3R TP Jim 28 8 B AR 5
PALEE SR . S50 s, R 4 2 BE ML B R A U5 5

S Z k-
[1] THOMPSON K P, ROLLAND J P. Freeform opti-

(2]

(3]

(4]

(5]

(6]

L7]

(8]

[9]

cal surfaces: a revolution in imaging optical design
[J]. Opt. Pho. News, 2012, 23(6): 30-35.
FUERSCHBACH K, JANNICK P R, KEVIN P
T. A new family of optical systems employing ¢
polynomial surfaces [J]. Opt. Express, 2011,19
(22). 21919-21928.

ILHAN K, KEVIN P T, JANNICK P R. Edge
clustered fitting grids for ¢-polynomial characteriza-
tion of freeform optical surfaces[J]. Optical Ex-
press, 2011,19(27) . 26962-26974.

ILHAN K, KEVIN P T, JANNICK P R. Compar-
ative assessment of freeform polynomials as optical
surface descriptions [ J]. Opt. Express, 2012, 20
(20): 22683-22691.

EA. [ T R AE pR R N AE S LD K A
FEAFRKALFHENRS B EFL
Fr, 2014,

WANG CH. Research on Characterization Func-
tion and Application of Free-form Surface [D].
Changchun: Changchun Institute of Optics, Fine
Mechanics and Physics, Chinese Academy of Sci-
ences, 2014, (in Chinese)

OZAN C, ILHAN K, GREGORY EF, etal.. Ap-
plication of radial basis functions to represent optical
freeform surfaces [J]. SPIE-OSA, 2010, 7652
76520A-1.

OZAN C, GREGORY E F, HASSAN F, et al..
Meshfree approximation methods for free-form sur-
face representation in optical design with applica-
tions to head-worn LT SPIE,

7061: 70610D.
OZAN C, BRENDAN M, HASSAN F, etal.. Op-

displays

timal local shape description for rotationally non-
symmetric optical surface design and analysis[]].
Optical Express, 2008,16(3): 1583-1589.

OZAN C, SOPHIE V, HASSAN F, etal.. Appli-
cation of radial basis functions to shape description

Optical

in a dual-element off-axis magnifier [ J ].

IR I T B e 1T R G LR & 2
0 S 25 9 1) 45 36 R B (MTE) 35 8 0. 72 LA I, i
1 1 I G R SR A Oy 2 A I R T IS R SR
T 1 £ Ak 2

[10]

[11]

(12]

[13]

[14]

[15]

[16]

Letter, 2008,33(11): 1237-1239.

AR LFRCIRAE L F. BT IIRRERMOLE A drih
HRAE[T] k5 H % T A, 2015, 23 (7).
1954-1964.

ZHAO X, ZHENG Y, ZHANG Z, et al. . Charac-
terization of freeform optical surfaces based on sur-
face slope [J]. Precision Eng., 2015, 23
(7):1954-1964. (in Chinese)

R EohEHEF. KB RIRA H oL
A Bt (1] = A k%, 2014, 35(2):
193-197.

ZHANG B, WANG L,CCHANG W J,etal.. Op-

Opt.

timal design of free-form-surface optical component
in helmet mounted display[J]. Jouwrnal of Applied
Optics,2014,35(2):193-197. (in Chinese)

ZE R R F AN FE RE VIR
gEMsRARLI]. 42 9h,2011,32(1) :23-26.

YANG L, JIA P, HONG Y F. Design of initial
structure of infrared dual field-of-view optical system
[J1. Infrared,2011,32(1):23-26. (in Chinese)

E BN R, B F,F.PW X ES AR O
ARGV IR G5 ny SR AR (T = R 5, 2014 (4)
586-591.

CUI E K, ZHANG B, HONG Y F, etal.. Design
of initial structure of infrared zoom optical system
with PW solution [J]. Journal of Applied Op-
ticss 2014(4) :586-591. (in Chinese)

Bk, B H L FRIE L, Zernike 22 W00 1H P A A
BERFFELT]. e H AR A ,2011,26(2):31-34.
FENG J, BATI'Y, XING T W, et al.. Fitting accuracy
of wavefront using Zernike polynomials [J]. Electro-
Optic Technology Applications 2011.26(2):31-34.
(in Chinese)

TR S R R A AR RO T Zernike
Z I T LA RS B R ()], e & AL 2008,
30(4):6-10.

SUN X ZH, SUX Y, XING H L, etal.. The influ-
ence of sampling points on the precision of curved sur-
face fitting based on Zernike polynomials [J]. Optical
Instruments, 2008,30(4) :6-10. (in Chinese)

WA M. Zernike 22 A L& i 187 rh 005K 5 R



1572

k% TR

5 24 &

[17]

(18]

FEA BCH B[00, 2 A k%, 2010, 31 (6):

943-949.

XIE S L. Sampling point number in curved surface

fitting with Zernike polynomials [J]. Jowrnal of Ap-

plied Optics, 2010,31(6) :943-949. (in Chinese)
FORBES G W. Shape specification for axially
symmetric optical surfaces [J]. Opt. Express,
2007,15:5218-5226.

FORBES G W. Robust, efficient computational

methods for axially symmetric optical aspheres

[J]. Opt. Express,2010,18; 19700-19712.

1E& @t

ECME 6 (1968 —) . . AL T %I L 1
L H L 1996 A T HIIFRE R A
EZ e YN S RS EPSYE i il
5% . E-mail: pwu@nankai. edu. cn

[19]

[20]

OZAN C, BRENDAN M, HASSAN F, et al..
Optimal local shape description for rotationally
non-symmetric optical surface design and analysis
[J]. Optical Express, 2008,16(3): 1583-1589.
BR#EA.FL, AT, % ] Zernike Z I X #H 17
P A LR D], b F M E TA2,1999,7
(5): 119-128.

YAN J ZH, LEI F, ZHOU B F, et al.. Several
algorithms for wavefront fitting using Zernike
1999, 7

Precision Eng. .

polynomails [ J]. Opt.
(5): 119-128. (in Chinese)

BILEE .

B B9800, B, dbE AL 4L A
U, 2007 4F F 5 FF K2 AR AF 1+ 2
A7, FZNF G BAL DL MO R
s i S AUk 0 B 58 T/E. E-mail:

zhaoxingtjnk@nankai. edu. cn

(RRIERE REWW FEEH)



