B3 HTH
20034 7 A

ot F ¥ R
ACTA OPTICA SINICA

Vol. 23, No. 7
July, 2003

4. 0253-2239(2003)07-0879-5

B A N 2 e UR ZE MRS BE VRO O iR R BF 5
EI%K

(BETERR¥FTEFB, 1% 710038)

BE: EXO6EF WA R TR S5 R A OB A RGP R R R 2 AT E
ARG RE L R R TR KRB H B T HEHFT TRAKBIZ R ARE TG RE T — M
“EER B EE R RO P AT RS RN EE T .

XgER: FEEN; BRESWAMUE; REMH; BEFH

FEDHES: TN247 SRR RS A

1 5 F

NE P O BT TE R T R G, AT oE A DU &
H 2 - TG A BN R BE T 35 A/100, R K
) A/10008 Y, HEEZ B R EZREERE LT
EHWA ., NABOCE T FERI RS T RRRLT
H I B 2 - TR OF- B R 2 A0, iR W] R R B X R
HiEENRBHFTEA.UESTEN TSRS T
2o AT PFHREST TR REHEIBIRE ¥
REHTTHRARGE2EIMR, FRIEBREST
S, W T — 68 % VLA VA 150 B S T A
RERBENEL S,

2 R e v 2 AU A R R R

il B D0 2 i e 22 Y 28 A

FH B J2 3 (Zernike) 2 T 2 3014 19 6 B T 5 Bk
T SO O TG R o B D B R 22— 30
10 B A 7R T £ — 1 R e
th e 3832 25 5 AT R R 40 D 43 0 T G
B RREREES . B R RS R —
AV T W > I — A B I Pl R — A3
P 2% 3R T A S B9 6T R0 5 U T S T2 0 T 9
WS TR E RN FEE. TR mN
WHAS A HEUT =N ENREE: —RANA
1 [ A AR 52 TR B0 A R — i 0 9
FOT B P AT T WA 50 < SR T 4 sl

E-mail : mwd1999@ sohu. com
W #s B #:2002-05-09; U B& SR H #1:2002-06-24

RET #MREARE: — BT HRENIRE G
RRENIEMIRE TS EFENRES:; =2
Y R E AN S HFHEARE, BV HIRE,

Xof B 0 3 TH R 22 HEAT 43 B 28, 1K B 4 T o A
0 B A T B O 2 P T B R R AR B RY B B9, 8
R ER=MEREIH. EIEHEE EXER
WETAWE—TUa REW 2, FELR ER
G RFER LA S REE WK R, T
ATHE-FEERLHANUERBSTFEHIRER
AITRAR:

D HMEREZ M FEREEZIREE B,
ERREWITHETFEEAR —EN“HE, E-TE
8T 3 P B AT R R RN RS
HEH

) UERE Z, M Zs: WP R LT
pcos 0 Fl psin 6 T (o F1 6 HH KR, TRD . ENTH
AR 50, FCARLE AR B R/ I B T AR T TR
TEE — BRI RN, BAR B W T 3 & 80 3
ERE.

AW, Z 2, M Z, BB SR BT 3 T A A
RRADER, EMEMNEREA NERR, IFHE
AR [ 22 , e Hp B8 Bl I 3R T hn R & O T A AR R
B AT B H G RPN FHET ER BN EA
T 0 THD A9 AR L BT R, 598 58 B TR AT i T
R T R B AL 5. WL ER 1 PRI ERE
BIRE W UEES 20,2, W1 Z, AF, W
T WaeusHAGE ERBERE 2.2, M1 Z, FiXd

3) B R Z X PR IEEZ TR (20" — 1)
T, EXMMENGFRENNREE——BRGZ .



880 X =3

¥ i

23 %

ET G R Z0 R/, OB T B R T Bk B
MR A, B, W R T R AR B AR PR,
Pl 3 3 3R T 0 L/ B B R Bk =60 1M B
(IR 1 RS =), AT LB S8 R
BRIk, #E—Pul, e R Z MRMRT
I - T BR T AR 2 Y RN

HWERE Z M Z X PLEE 7 Z WA
o’ cos 0 Fli p?sin 6 T, BN & KX LELFEREH
MR GE—BE. LR, LN RT K& -
VR BA RRR R AR BR R A0 M i, PR B T &
T2 B IX 5 TR LB R E(Z R Zo) ¥ B B R
mFE PRGN, BRARMEREXM (N E
R, AT HAA R Zs TN Zo X3S 3R T 1R 2 A 4L 5T
Rk AR B R, AT, A RE Z R Zo MR /D
AR T B AR R 2 A R/,

WU BT LR, Z0 Zs A Zg XF A 40

B AR BUS Bk BR 2 B TN - T G T B R O, AR R B
PR P IR ZE Worws o BR T LB ST AP TR
KM P2 BRI LT AHRIE— TR
TS AP 22 X 2 3 22 AN B A5 35 o 3% i
MPmEiRE WA TERENRE. LRELAN
M R 22 J5 T A9 B I0 3% 1 IR Z AR O SRR iR 2
Wiws » B SE T 44 30 3 TG /1N 90 B P A 0y 74 7
FEPREL, P SR E G R G OB RE IR XX A
iR 22 B O RURR TR T PR R O S O I A R R R 0
REARER KA. FHI, 8 FILRHIBIRZE Wies
8 0 VA B0 B 39 2 T TR B A R A SR B A

DIF @R 1 B d— T A R R R A
REWMAUE RB@ B —A/E) WA RE LI, A
HAT AR B e v 2 I A s R RS el SR iR 2
RUZ KR,

Table 1 The relations between types of plane error of inspected surfaces and coefficients of Zernike

polynomials

Sample 1 Sample 2 Sample 3 Sample 4

Number of stripe in diaphragm 5 5 5 5

Order of Zernike polynomials 4 4 4 4

Hits 294 266 276 269
Z,=A? 35.04433 25.94647 12.67806 37.78828
Z,=A} 0.52356 0. 03707 1.02140 0. 00545
Zy;=A} 5.95158 5.45339 5.91204 5. 62323
Zy=A} 0. 03868 0. 00005 0. 83960 0. 00031
Z;=A? 0.00211 0. 00020 0.03279 0.01977
Zs = At 0. 00006 0. 00014 0.00280 0. 04586
. Z,=A? 0. 00001 0. 00050 0. 00291 0. 00235
Square of standard coefficient
Zy = A} 0. 00001 0. 00331 0. 00025 0. 00521
fitted in Zernike polynomials

Zy=A} 0. 00013 0. 00025 0. 00060 0. 00007
Z, =A%, 0. 00001 0. 00182 0.00282 0.00198
Zy =A% 0. 00000 0. 00008 0. 00446 0. 00028
Z, =A%, 0. 00002 0.00168 0. 00013 0. 00001
Zi; =A% 0. 00007 0. 00000 0. 00043 0. 00011
Zu=A%4 0. 00006 0.00118 0. 00333 0. 00026
Zs =A% 0. 00005 0. 00001 0. 00001 0. 00013
Fitting Precision: Prus () 0.01591 0.01837 0. 02636 0. 01508
Total error of inspected surface: Wirms (1) 0.05733 0. 02709 0.26615 0.07788
Plane error of inspected surface: W rms (1) 0.05702 0. 00556 0. 26390 0.07244
Local error of inspected surface: Wirms (A1) 0. 00606 0. 02652 0. 03449 0. 02859
Maximal error of inspected surface: W, (1) 0.23190 0. 18590 1.00768 0. 43384

Annotate: A in the table is wavelengh of the laser in the system to inspect surface of optical plane glass with laser quantizing

technique.
SATHWEREZSEREREEREZERZEXER

IR 5 00T, Bt B R w2 IR IUA REE KA,

AT B LY 3R 1 A A DDA L A SR TE O IR 2 B

A R PR
B — A Z, — DX R RRZE B G T RIRER
93. 4 %6, LI RE i B P THT IR 22 R BRI IR 2%



T4 RIAR: B FEATRGIRENEE RN 755 881

HAm#RE2E R TRN—34 . Fo 55 3B &
VT Bk REBIRZE

BERh 1 Z 25\ Zy =3 Z RN AR 22 BT AR
MR ZER 4. 2%, BB T T R B R IR
HEXF ELEE K 5

B = P E B 2 AN Z, — TN R A R
ZE T RIRER 94.3%, SR — K FEEIRZEE
XAHFE, FEERIEXNEE, BTFHEML=Z WK

NS — KRB, VLA S SRR —IREE
K, EXREREUHERLR -2 A48, “FHHNRTEZE
FERAEXT BN

BRI H W AR G0N T 7 R B R A
AT 2R T B Oy A AR AL BRAE Z5 A Ze b, HOR

3 WOBHCT A R SRS B 19 447

FIVEA
3.1 FHEYHMVEERBESRENTM

R 2 FVH T A R SR AOAE A [ T P AR U
B2 AF T BRI SE R WA A P T LU S AR R
FEM B R R TEE R S TANE R AEEN
SR,

UG BT 3 5 6 T B Ot 5 TR 2 Y AR S AR
RREPNRESSHEL LT EL—E TR
T AR U AR B I AR T AY L AR AR S A I B R
TV b R P ORAE A B R KBRS
X HE T 2% SRR AR R SRR SR B JR k(S B b

RBiRZ GBI T MR 85. 8%, PR M AT E  RHRIRAD) N T ARSUR S B X FRAE S5 B 5T
B H SRR — AR R SRR ERR AR, By SOUREBZERNERR  RA TR THARR S
IR 2 th A AR BIE T W B AT H B,
Table 2 The relations of number of interference stripe in diaphragm with quality of inspected surface
Number of stripe in diaphragm 4 5 6 7
Order of Zernike polynomials 3 4 5 6

Characteristic of inspected surface

Planeness is relatively poor. Local error is less

Fitting Precision: Prys (1)

0.0113

0. 0159

0.0179

0.0194

Total error of inspected surface: Wzwms (1)

0. 0540

0.0573

0. 0606

0. 0550

Sample 1

interference stripe in diaphragm

Repetitiveness of W, (A) for different number of —

. P y .. RIjAS (W rms D rms = 0. 00301, (W rms ) rms/ Wirms = 5. 3%
interference stripe in diaphragm

Local error of inspected surface: Wigms (1) 0. 00795 0. 00606 | 0. 00818 | 0. 01009
Repetitiveness of Wirus (1) for different number of

(Wirms ) rvs =0, 00162, (WlRMs)RMs/WlRMSZZO- 1%

Characteristic of inspected surface

Planeness is better. Local error is more

Fitting Precision: Prys (1)

0.18560 0. 01837 0. 00818 0. 01709

Total error of inspected surface: Wgus (1)

0.01988 0.02709 0.02297 0.02186

Sample 2

R iti f W, f iff f —

' epetitiveness 'o 'Wm'/[s (A) for different number o W s ) s — 0. 00304 s (W s s/ Wonss — 13. 3%
interference stripe in diaphragm

Local error of inspected surface: Wirms (1) 0.01832 | 0.02652 | 0.02230 | 0.02132
.Repetltlveness .of .Wnu.v[s (A) for different number of W sss D ass 0. 00339+ (Winns) s,/ Wsars = 15. 3%
interference stripe in diaphragm
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Error and Precision Evaluation of a System for Inspecting
Surface of Optical Plane
Mo Weidong

(Engineering Institute , University of Engineering of Air Force, Xi'an 710038)
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Abstract .
optical plane glass, the system theoretical error and methods to classify the type of surface

Through the analysis of the results obtained from inspecting actual surface of

shape in analysis of plane error with Zernike polynomials are studied in depth. A new theory
and method are proposed by using error theory to appraise the precision of the laser digital
system for inspecting surface of optical plane glass.

Key words: optical plane inspecting; Zernike polynomials fitting; error analysis; precision

appraising
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