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Measurement of defocused spot parameters of optical system
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Abstract: Defocused spot parameters of an optical system were measured by a testing system with
CCD microscopic imaging quantitatively, and an evaluating method for the defocused spot parameters
was designed. Firstly, the definitions of the defocused spot parameters including the diameter and the
roundness were given. The connected region shaped by the energy contour of the defocused spots was
analyzed, and the diameter equal to the area which is 80% of the total energy of the defocused spots
was calculated. Then, the boundary of the region was fitted as an ellipse and the roundness of
defocused spot was obtained. The method introduces the ellipse {it into the defocused spot roundness
measurement through analysis of the energy distribution of star point image on image plane, so that
the effects of CCD noise and stray light in test environment on the measuring results are reduced and
the confidence of the test results is improved. The experimental results show that the repeatability of
the diameter is 0. 18 pm and that of the roundness is 1. 65%. The method meets the needs of the
optical systems in space projects for the imaging quality control.
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Fig. 1 Testing system with CCD microscopic imaging
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Fig. 2 Flow chart of image processing in parameter test of defocused spots
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Fig. 4 Region filling
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Ellipse fitting
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CCD microscopic imaging
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Tab.1 Designed requirements of defocused spots
W/ 0 0.75 1.05 1.2 1.5
0BT: B.0AR0 OEG 0BT: @.750@ DEG CBT: 1.200@ DEG OBT: 1.5000 DEG

160,00

PRELBE
IMA: @.560 MM IMA: 1,575 MM
YRIBE B A%/ pm 17.18 16. 82

R HCBE B/ % 4.48 7.52

0BT: 1.@5@8 DEG

IMA: 2,519 MM IMA: 3,146 MM
17.22 17.02 17. 24
10. 85 14. 26 20.07
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Tab. 2 Testing results of defocused spots

W/ 0 +0.75

+1.05 +1.2 +1.5

R
17.56
PRI L A%/ pm 17. 84
17. 49
9.44
SRICBE IR B/ % 3.10
6. 06

17.73 17.61 17. 04
17. 60 17. 61 17. 45
13. 84 14. 83 14. 93
7.34 9.11 11. 86
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Tab. 3 Results of 5 times repeated measurements
3k vk KR W/ 0 +0.75 +1.05 +1.2 +1.5
17.55 17. 86 17.58 17. 14
YRELBE BLA% / pm 17. 86
17. 48 17. 68 17.42 17. 34
1
9.01 14. 10 13.72 15. 36
R HCBE R B/ %6 3.32
6. 32 6.23 9. 88 13.59
17. 48 17.75 17.63 16. 94
YRHELBE B A%/ pm 17. 88
17.53 17.67 17.67 17. 60
2
9.33 13.32 14. 37 16. 04
YRTCEE IR 52 / % 0. 80
7.59 7.21 8.57 11.58
17. 49 17. 46 17. 64 16. 96
VRHELBE B AR/ pm 17. 89
17. 41 17.61 17.62 17. 31
3
7.51 14.70 15. 33 14. 47
YREBE [ B/ % 4,34
5.06 7.78 8. 19 12. 86
17.70 17. 84 17.58 17.09
PRELEE AR/ pm 17. 81
17. 54 17. 48 17.61 17.57
4
11. 36 12.77 15. 27 14.69
YR ELEE IR B2 / % 3. 90
6.53 7.39 9. 66 11.15
17. 60 17.73 17.59 17.05
PR B A%/ pm 17.76
17. 47 17.57 17.74 17.43
5
9.97 14. 30 15.45 14. 09
YR ELEE IR 2 / % 3.15
4. 82 8.08 9. 24 10. 13

PR [4] Az .REH,F9,F. BEHERR ¥ RE R

= : ML L] B R F 5 ,2009,30(3) :454-456.

[1] sk e E[M]. b . 24 T2 FmER ZHOU Y, ZHAO ] K,CHANG M, et al. Meas-
A, 1982. urement of dispersed spot for star sensor optics [J].
SHEN H L. Optics Measurement [ M]. Shanghai: Hua- Journal of Applied Optics,2009,30(3):454-456.
dong Institute of Engineer Press, 1982. (in Chinese) (in Chinese).

(2] b, ik, 2 dkms, WG EEE M (5] FEAEE. AP RE RGUREOLE R %06
[J]. B k5.2014,7(4) :581-587. il 5 HERE IR ) ). % F4R,2013,33(5):0522005.
ZHI SH.ZHANG L.LI X L. Realization of simula- L1J,YANG B X, HU ZH H, et al.. Development
ted star map with noise [J]. Chinese Optics, 2014, and performance testing of optical system for star
7(4).581-587. (in Chinese) sensor | JJ. Acta Optica Sinica, 2013, 33 (5):

(3] JEA. AR B o, 17 0 B % B I 28 e 0522005. (in Chinese)

RG] ¥ B A% .2014,7(6) :962-968. [6] thigtr, 24,5 &0, F. WA ¥ THRN S FH

TANG J,CAI SH,QIAO Y F. Optical system de-
sign of simulator for autonomous landing on planets
based on optical navigation [ J]. Chinese Optics,

2014,7(6):962-968. (in Chinese)

PRmifEL M. b w A 5 i, 2009,
XU D Y.WANG Q.GAO ZH SH. et al.. Test and
International Standard for Contem Porary Optical

Conponents [ M]. Beijing: Science Press, 2009,



5509 41 Z

L AE OBSE R G VR B S B

2489

L7]

(8]

(9]

[10]

[11]

(in Chinese).

TR, Epn g . 8E.F RLORAEEPTRE
A s Jr kL), AL R 4241 ,2013,31(5) : 50-54.
LUO CH ZH,WANG SH N,SHAO L, et al. The
method of deciding background threshold instar dot
recognition algorithm [ ] ]. Aerospace Control,
2013,31(5) :50-54. (in Chinese).

RE A ROk B R R SR IO
B ## w4 ,2011,31(5) :41-43.

YUAN Y L,ZHENG Y. A threshold segmentation
method of star extraction in large field star image
L1
2011,31(5) :41-43. (in Chinese)

W% . BUFTE A 2 B Al T A H PR b 38 o iy iz
[D]. &9 . LA M T X% ,2003.

NI CH J. The Basis of Mathematical Morphology
and It’s Applications in Image Processing [D].

Hydrographics Surveying and Charting,

Kunming: Kunming University of Science and Tech-
nology,2003. (in Chinese)
SOILLE, P. Morphological Image Analysis: Princi-
ples and Applications [M]. Springer-Verlag, 2004.
FITZGIBBON A, PILU M, FISHER R B. Direct
least squares fitting of esllipses [J]. IEEE Trans-

actions on Pattern Analysis and Machine Intelli-

EE R

Z= 1983, FHL L HIIN A, TR
Ui 52009 45 T DU JI| K 2 3R AR A5 - 24 4
AR 2 A I 4 R B G A B
T 19 BF 55 . E-mail: wilk-19821118 @
163. com

(12]

[13]

[14]

[15]

gence,1999,21(5) :476-480.
FRAR, M F, e, F T 3X3MAHRINE
-8 PR T A A iR LT ] e 5 M
T42,2014,22(6):1410-1417.

ZENG ZH M.LIU F,FENG H, et al. Digitalized
demodulation based on 3X 3 coupler for dual Mach-
Zehnder fiber interferometer [J]. Opt. Precision
Eng., 2014, 22(6):1410-1417. (in Chinese)
INEAM L B F BRGNS &Y
ZRME PR ()], k% 4% 42,2009, 17
(12) :3034-3039.

SUN H W,FANG ] CH, LI Y. Application of el-
lipse fitting method to calibration of magnetic com-
pass deviation [J]. Opt. Precision Eng. , 2009,
17(12) :3034-3039. (in Chinese)

M AR, B B A R L)) A R,
2007,6:49-51.

CHEN J W. Research of direct ellipse fitting algo-
rithm[J]. Geotechnical Investigation & Survey-
ing, 2007, 6:49-51. (in Chinese)

Tk REHIE S HIRAIM], TR EE R
5 B4 AL 22,2004,

FEI Y T. Error Theory and Data Processing [ M].
Beijing: China Machine Press, 2004. (in Chinese)

FBR AL (1979—) 5, I PE 4 NN . /55 %
ALV, 2006 £ T 70 1| K 2% 3K 45 A 1
2L, BN BOE OGRS 8Os i Rl
BPE 7 A BFSE . E-mail: cyq@opt.

ac. cn

(FRILERE REWWT FEHEH)



