Contents

1. Introduction 1
1.0.1. Objectives . . . . . . . . o 2

2. Literature Review 3
2.1. Bidimensional digital detectors . . . . . . ... ... 0oL 3
2.1.1. CCD . ..o 4

2.1.2. CMOS . . . o 8

2.1.3. CCD and CMOS comparison . . . . . . .. .. .. .. ... ..... 8

2.2, Astrometry . ... . 9
2.2.1. Luminous intensity and Flux density . . . . .. .. .. ... .. ... 9

2.2.2. Point Spread Function (PSF) . . .. ... ... ... ... 0. . 11

2.2.3. Full Width at Half Maximum (FWHM) . . . .. ... ... ... ... 12

2.2.4. Background . . . .. ... 13

2.2.5. Signal-to-Noise Ratio (SNR) . . . . . ... ... ... ... ... ... 13

2.3. Estimation Elements . . . . . . . . .. ... oL 14
2.3.1. Astrometric Cramér-Rao Limit . . . . . . ... ... ... ... ... 14

24. Stateofart . . . . .. . 14

3. Methods 16
3.1. Design and implementation of the experimental setup . . . . . . . . .. ... 17
3.2, Measurements . . . . . .. ..o 20
3.3. Data processing with image centering algorithms . . . . . . . . . . . ... .. 21
3.3.1. Center of Gravity . . . . . . .. .. ... 21

3.3.2. Gaussian Fit . . . . .. ..o 22

3.3.3. Fit utilizing an Airy function . . . . . ... ... 22

3.3.4. Maximum Likelihood . . . . . . .. ... ... 23

3.4. Data Post-processing . . . . . . . ... L Lo 23
3.4.1. Barycentric Coordinates . . . . . . . . . .. .. ... ... ..... 23

3.5. Computation of Cramér-Rao limit . . . . . . . . ... ... ... ... .... 23

4. Results 25
4.1. Center of Gravity . . . . . . . . . 29
4.1.1. Post-processing: Barycentric Coordinates . . . . . . . . .. ... ... 30

4.1.2. Standard Deviation through frames . . . . . . . . ... ... ... .. 31

4.1.3. Standard deviation with different apertures. . . . . . . . .. ... .. 32

4.2. Gaussian Fit . . . . . . oo 32
4.2.1. Post-processing: Barycentric Coordinates . . . . . . .. .. ... ... 34

4.2.2. Standard Deviation through frames . . . . . . ... . ... ... ... 35

v



4.2.3. Standard deviation with different apertures. . . . . . . . .. ... .. 35

4.3. Fit with Airy function . . . . . . . . ..o 36
4.3.1. Post-processing: Barycentric Coordinates . . . . . . . ... ... ... 37

4.3.2. Standard Deviation through frames . . . . . . . .. .. ... ... .. 38

4.3.3. Standard deviation with different apertures. . . . . . . . .. ... .. 39

4.4. Maximum Likelihood with Gaussian function as a model . . . . . . . . . .. 40
4.4.1. Post-processing: Barycentric Coordinates . . . . . . . .. .. ... .. 41

4.4.2. Standard Deviation through frames . . . . . . . .. ... .. ... .. 42

4.4.3. Standard deviation with different apertures. . . . . . . . . ... ... 43

4.5. Maximum Likelihood with Airy function as a model . . . . . . . . .. .. .. 44
4.6. Marginal Graphics . . . . . . . . .. 45
4.7. Differences between methods using Gaussian fit as comparison . . . . . . . . 48
4.8. Performance achieved with different methods . . . . . . . . . ... ... ... 50
4.9. Cramér-Rao Limit . . . . . . . . .. . 51
4.10. Performance comparison of tested algorithms against Cramér-Rao limit . . . 52

5. Discussion 54
5.1. Discussion about the methods . . . . . .. ... ... ... ... 54
5.2. Discussion about the results . . . . . . . .. ... 0oL 55

6. Conclusion 59
Bibliography 60

vi



