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	摘要(中)	為了提升在台灣在非球面光學鏡片上的自我檢測能力，本團隊成功開發出台灣第一套旋轉掃描式非球面干涉儀，憑藉著自行開發的振動調變式相移干涉術與全域子孔徑拼接演算法加大普通干涉儀的動態範圍，能夠完整量測大於參考鏡的數值孔徑之球面鏡，甚至是半球狀的透鏡皆可以量測。再透過位置優化技術，將子孔徑上所量測到的干涉條紋在徑向方向上的條紋密度降至最低，用以減少環形區域之數目並且增加非球面可量測的範圍，預計可以量測含有1000個波長偏離度的圓對稱非球面鏡，根據實驗結果能夠準確地量測出與非球面設計值差距0.5個波長的誤差量。

此非球面干涉儀最獨特的技術在於利用旋轉平台運轉時所帶有1 μm左右的機械振動，將原本看似不可避免的振動干擾利用振動調變式相移干涉術轉為有用的相移資訊，進而重建出子孔徑表面相位。在每一個環狀區域上皆不須停下量測，透過機械振動即可達到動態量測相位的目的，每個環形區域大約只需要2分鐘就可完成干涉條紋的量測。再透過平行運算系統，降低整體的運算時間，根據量測1吋球面鏡之結果顯示10個環形區域總共346個子孔徑大約只需要30分鐘即可以完成量測。

因著旋轉掃描的量測方式，此干涉儀有高密度量測的優點，不只能夠降低拼接誤差的變異量，而且還可以免除製造高精密度的參考鏡之成本與時間。擁有降低量測時間、購置成本與提高精準度之優勢。
	摘要(英)	In order to enhance the optical testing capability of aspheric lens in Taiwan, we first developed a rotational scanning aspherical surface interferometer. This subaperture stitching interferometer has more dynamic range than that of a conventional interferometer in virtue of the techniques we developed: vibration modulated phase shifting interferometry and global subaperture stitching algorithm. It can measure spherical lenses with the numerical aperture higher than that of the reference lens. Even a half sphere could also be measured. The optimized null method can minimize the tangential fringe density. This helps to reduce the number of annular regions and also increase the measureable region on the aspheric surface. This interferometer is anticipated to be capable of measuring 1000 waves surface departure of rotational symmetric asphere. According to the experimental result, we can accurately measure a departure of 0.5 waves from the asphere design. 

The most unique technique of this aspherical surface interferometer is to use the 1 μm vibration of the rotational stage. It transfers the inevitable vibration error to be the useful information by using vibration modulated phase shifting interferometry to reconstruct the subaperture phase. By using the vibration to achieve the dynamic measurement purpose, it only takes 2 minutes to complete the annular region measurement. Through the parallel computing system, the computational time is also reduced. According to the experiment on a 1 inch diameter spherical surface, it only takes 30 minutes to finish the measurement and that includes 346 subapertures in 10 annular regions. 

By the rotational scanning measurement method, this interferometer has the advantage of high overlapping density stitching capability. It not only reduces the variance of stitching error but also can avoid the manufacturing cost on high precision reference lens. It has the advantage of reduced measurement time, costs and improves accuracy.
	關鍵字(中)	
      	  ★ 光學檢測
★ 非球面
★ 干涉儀
★ 子孔徑拼接
★ 相移干涉術	關鍵字(英)	
      	  ★ Optical Testing
★ Aspheric Surface
★ Interferometer
★ Subaperture Stitching
★ Phase Shifting Interferometry
	論文目次	目錄

中文摘要    i

Abstract    ii

誌謝    iv

圖目錄    x

表目錄    xvi

第一章    緒論    1

1-1. 精密光學元件檢測技術之概要    1

1-2. 非球面光學元件之簡介    4

1-3. 非球面光學元件之檢測方法    5

1-4. 子孔徑拼接式干涉儀之歷史進展    13

1-5. 研究動機與目的    17

第二章    非球面干涉儀量測技術之基礎理論    20

2-1. Seidel多項式介紹    20

2-2. 非球面多項式之介紹    23

2-3. Fizeau干涉儀介紹    25

2-4. 相移干涉術介紹    27

2-5. 干涉條紋與系統對位的相對關係    31

2-6. Fringe Zernike多項式介紹    34

2-7. Random Ball Testing    35

第三章    旋轉掃描式干涉儀介紹    39

3-1. Fizeau干涉儀規格介紹    39

3-2. 量測平台簡介與三軸校正    40

3-3. 旋轉掃描量測方法介紹    43

第四章    動態相位擷取技術    47

4-1. 振動調變式相移干涉術    48

4-2. 數值模擬結果    53

4-3. 引入光強平均值對演算法的影響    55

4-4. 實際驗證結果    57

4-5. 振動相移量測結果    59

4-6. 機械振動量值討論    64

4-7. 相位正反向問題與討論    68

4-8. 平行運算技術    71

第五章    子孔徑拼接技術    75

5-1. 子孔徑相位拼接演算法    78

5-2. 矩陣運算方法    79

5-3. 子孔徑位置的校正演算法    81

第六章    實際量測結果與誤差分析    90

6-1. 球面鏡之高密度子孔徑拼接結果    90

6-2. 非球面透鏡拼接結果    99

6-3. 高密度子孔徑抑制拼接誤差討論    106

6-4. 探討參考鏡像差對相位接合的影響    109

6-5. 參考波前回推技術    119

6-6. 旋轉平台重複性討論    124

第七章    結論    126
	參考文獻	[1] A. Offner, “A null corrector for paraboloidal mirrors,” Appl. Opt. 2, 153-155 (1963).

[2] D. Garbor, “A new microscopic principle,” Nature 161, 777-778 (1948).

[3] Y.-M. Liu, G. N. Lawrence, and C. L. Koliopoulos, “Subaperture testing of aspheres with annular zones,” Appl. Opt. 27, 4504-4513 (1988).

[4]. C. Kim and J. Wyant, “Subaperture test of a large flat on a fast aspheric surface,” J. Opt. Soc. Am. 71, 1587 (1981).

[5]. J. G. Thunen, O. Y. Kwon, “Full aperture testing with subaperture test optics,” Proc. SPIE 0351, Wavefront Sensing, 19 (1983).

[6] T. W. Stuhlinger, “Subaperture optical testing: experimental verification,” Proc. SPIE 0655, Optical System Design, Analysis, Production for Advanced Technology Systems, 350 (1986).

[7] M. Chen, W. Cheng, C. Wu, W. Wang, “Multiaperture overlap-scanning technique for large-aperture test,” Proc. SPIE 1553, Laser Interferometry IV: Computer-Aided Interferometry, 626 (1992).

[8] G. N. Lawrence and R. D. Day, “Interferometric characterization of full spheres: data reduction techniques,” Appl. Opt. 26, 4875-4882 (1987).

[9] W. Cheng and M. Chen, “Transformation and connection of subapertures in the multiaperture overlap-scanning technique for large optics tests,” Opt. Eng. 32, 1947-1950 (1993).

[10] J. F., P. Dumas, P. E. Murphy and G. W. Forbes, “An automated subaperture stitching interferometer workstation for spherical and aspherical surfaces,” Proc. SPIE 5188, Advanced Characterization Techniques for Optics, Semiconductors, and Nanotechnologies, 296 (2003).

[11] P. Murphy, G. Forbes, J. Fleig, P. Dumas and M. Tricard, “Stitching Interferometry: A Flexible Solution for Surface Metrology,” Opt. Photonics News 14, 38-43 (2003).

[12] G. W. Forbes, D. Golini, P. Murphy, “Method for self-calibrated sub-aperture stitching for surface figure measurement,” U.S. Patent 6,956,657 B2, issued Oct.18(2005).

[13] S. Chen, S. Li and Y. Dai, “Iterative algorithm for subaperture stitching interferometry for general surfaces,” J. Opt. Soc. Am. A 22, 1929-1936 (2005).

[14] S. Chen, S. Li, Y. Dai, L. Ding and S. Zeng, “Experimental study on subaperture testing with iterative stitching algorithm,” Opt. Express 16, 4760-4765 (2008).

[15] P. Su, J. Burge, R. A. Sprowl, J. Sasian, “Maximum likelihood estimation as a general method of combining subaperture data for interferometric testing,” Proc. SPIE 6342, International Optical Design Conference (2006).

[16] P. Su, J. H. Burge and R. E. Parks, “Application of maximum likelihood reconstruction of subaperture data for measurement of large flat mirrors,” Appl. Opt. 49, 21-31 (2010).

[17] C. Zhao, J. H. Burge, “Stitching of off-axis sub-aperture null measurements of an aspheric surface,” Proc. SPIE 7063, Interferometry XIV: Techniques and Analysis, 706316 (2008).

[18] S. Chen, S. Li, Y. Dai and Ziwen Zheng, “Lattice design for subaperture stitching test of a concave paraboloid surface,” Appl. Opt. 45, 2280-2286 (2006).

[19] P. Zhang, H. Zhao, B. Liu, F. Gao and J. Huang, “Simple method for the implementation of subaperture stitching interferometry,” Opt. Eng. 50, 095601 (2011).

[20] H. Schreiber and J. H. Bruning, “Phase Shifting Interferometry” Optical Shop Testing, Wiley, New York(1991).

[21] R. E. Parks, “A practical implementation of the random ball test,” in Frontiers in Optics, OSA Technical Digest (2006).

[22] U. Griesmann, Q. Wang, J. Soons and R. Carakos, “A simple ball averager for reference sphere calibrations,” Proc. SPIE 5869, Optical Manufacturing and Testing VI, 58690S (2005).

[23] Y. A. Chen, “The Off-axis Alignment of an Asphere by a Fizeau Interferometer,” National Central University, Master Thesis (2011).

[24] C. W. Liang, Y. A. Chen, C. C. Lee, “The off-axis alignment of an asphere by a Fizeau interferometer,” Proc. SPIE 8083, Modeling Aspects in Optical Metrology III, 808312 (2011).

[25] C. Liang, H. Chang, P. Lin, C. Lee and Y. Chen, “Vibration modulated subaperture stitching interferometry,” Opt. Express 21, 18255-18260 (2013).

[26] Z. W. and B. Han, “Advanced iterative algorithm for phase extraction of randomly phase-shifted interferograms,” Opt. Lett. 29, 1671-1673 (2004).

[27] K. Levenberg, “A method for the solution of certain problems in least-squares,” Quarterly Applied Mathematics 2, 164-168(1944).

[28] D. Marquardt, “An algorithm for least-squares estimation of nonlinear parameters,” SIAM Journal on Applied Mathematics 11, 431–441(1963).

[29] P.C Lin, “Development of an Iterative Phase-Shifting Algorithm and a Subaperture Phase-Stitching Algorithm for Aspheric Testing,” National Central University, Master Thesis (2010).

[30] Y. Chen, P. Lin, C. Lee and C. Liang, “Iterative phase-shifting algorithm immune to random phase shifts and tilts,” Appl. Opt. 52, 3381-3386 (2013).

[31] C. C. Paige and M. A. Saunders, “LSQR: an algorithm for sparse linear equations and sparse least squares,” ACM Trans. Math. Soft. 8, 43-71(1982)

[32]. W. H. Lo, “Development of iterative position correction algorithms for subaperture stitching interferometry,” National Central University, Master Thesis (2015).

[33] H. Chang, C. Liang, P. Lin and Y. Chen, “Measurement improvement by high overlapping density subaperture stitching interferometry,” Appl. Opt.  53, 102-108 (2014).

[34] P. Lin, H. Chang, Y. Chen and C. Liang, “Interferometer reference error suppression by the high-overlapping-density phase-stitching algorithm,” Appl. Opt. 53, 220-226 (2014).
	指導教授	
      	  陳怡君、梁肇文(Yi-Chun Chen
Chao-Wen Liang)
      	 	審核日期	2016-8-25
	推文	
      	  [image: ]facebook   [image: ]plurk   [image: ]twitter   [image: ]funp   [image: ]google   [image: ]live   [image: ]udn   [image: ]HD   [image: ]myshare   [image: ]reddit   [image: ]netvibes   [image: ]friend   [image: ]youpush   [image: ]delicious   [image: ]baidu   
      	 
	網路書籤	
      	  [image: ]Google bookmarks   [image: ]del.icio.us   [image: ]hemidemi   [image: ]myshare   
      	 


  

  











若有論文相關問題，請聯絡國立中央大學圖書館推廣服務組 TEL:(03)422-7151轉57407，或E-mail聯絡
	       - 隱私權政策聲明



	
