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Abstract The modulation transfer function (MTF) is one of the key indicators to evaluate the signal transmission
frequency characteristics of an optical imaging system, and the slanted—edge method is one of the important MTF
measurement methods. To solve the problem that the traditional slanted—edge measurement method is not robust
against noise, a new MTF measurement method based on the normal distribution fitting and median point estimate
is proposed. A modified method that estimates the edge angle by fitting a two—dimensional function to the image
data based on the normal distribution is proposed, the optimum slope angle and edge—spread curve of the actual
image are calculated by using the method of looking up median point to the fitted image, and the edge—spead
function (ESF) is achieved by using the Fermi function. The experimental result shows that the precision of the
edge angle of the modified method is improved obviously when the noise of the actual image is relatively seriously,
and the precision of the value of the MTF is also increased.
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Fig.5 (a) Slanted—edge target; (b) slanted—edge target imaging
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Fig.7 (d) Slanted—edge image and function; (b) relationship of normal distribution function and grey level of pixels of each row
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Fig.9 Contrast of simulated image and actual image. (a) No noise; (b) Gaussian noise; (c) random noise

simulated image

P8 4.72°MBURE 7L G o (a) TCMEFS s (b) i TR 7 ; (c) BEALIR S
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Table 1 Edge angle and error of angle of image under different methods

No noise

Gaussian noise

0'/(°) 5 1% 0" () 8 1% 0" /(°)
1SO 12233 4.7505 0.646 4.7683 1.024 4.8138
Ref[15] 4.7482 0.597 4.7584 0.814 4.6672
Proposed method 4.7463 0.557 4.7529 0.696 4.6910
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Table 2 Error of edge angle of image with no noise, Gaussian noise and random noise at different angles

6 1%
No noise Gaussian noise Random noise
6/(°) 1SO
[SO 12233 Ref.[15] Proposed method 1SO 12233 Ref.[15]  Proposed method 12233 Ref.[15] Proposed method

2.86 0.456 0.367 0.334 1.064 0.756 0.526 1.542 0.913 0.666
3.00 0.421 0.458 0.446 0.975 0.845 0.539 1.206 0.954 0.543
4.15 0.599 0.567 0.535 1.035 0.772 0.656 1.242 0.845 0.602
4.72 0.646 0.604 0.557 1.024 0.871 0.696 1.987 0.687 0.604
5.00 0.482 0.435 0.419 1.956 0.898 0.401 2.032 0.812 0.554
5.71 0.342 0.457 0.442 2.035 0.718 0.597 1.956 0.645 0.461
8.53 0.376 0.346 0.316 1.913 0.824 0.624 1.064 0.797 0.424
14.04 0.356 0.349 0.312 1.854 0.672 0.533 1.943 0.688 0.401
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Fig.11 (a)Actual MTF curve; (b) slanted—edge image
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Table 3 Angle measurement of the experimental image

1SO 12233 Ref.[15] Proposed method
0" 1(°) 6.1627 6.2212 6.2436
8 /% 2.05 1.121 0.764
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Fig.12 (a) Actual image; (b) simulated image of normal distribution
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Table 4 E, ..+ E., \ Fyyu. of the experimental image

E o E.. Frun sy
ISO 12233 0.0175 0.0107 0.168
Ref.[15] 0.0112 0.0083 0.171
Proposed method 0.0098 0.0055 0.180
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