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Image Focusing Method Based on Multiple Differential Filtering
Effects for Aerial Cameras
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Abstract The imaging quality of the optical system in an aerial camera is significantly affected by the accuracy of
focal plane detection. To resolve the focusing problem of aerial cameras., a focusing algorithm based on multiple
differential filtering effects is proposed. First, the principle of focusing is expounded. With the basic rectangular
filter as the design basis, a new filter suitable for focusing of aerial cameras is proposed to eliminate the influence of
the relative displacement between the image and the filter, and its feasibility is proved from a mathematical point of
view. Then, the filter is simulated by interlaced sampling of the image to complete the design of the image focusing
algorithm. Finally, the images collected in the experiment are used to evaluate the focusing effect of this algorithm.
The experimental results show that the proposed algorithm can eliminate the sinusoidal change caused by the relative
displacement between the rectangular filter and the image. The proposed algorithm is able to meet engineering
requirements with high sensitivity and a maximum error of 41.16 pm, which is smaller than the half focal depth (76.
8 pm) of the optical system.
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Fig. 2 Multiple differential spatial filter
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Fig. 4 Image at the calibrated focal plane position
2 .
1

Table 1 Measurement results of repeatability accuracy

Angular Velocity of RMS of
velocity of image motion / measurement
turntable /(rades™") (mmes ) error /pm
0.025 5.00 6.57
0.078 15.50 10.68
0.142 28.34 14.24
5 0.182 36.42 23.46
Fig. 5 Comparison of focal curves of different 0.212 42.50 29.15
. . 0.266 53.20 41.16
evaluation functions
2 4
S ( . . . .
Table 2 Focusing accuracies of four evaluation functions
) o
Image focusing method Focusing accuracy /pm
’ ’ Proposed method 41.16
’ Sobel 47.32
o Robert 49.52
, Laplacian 52.83
w v s V=T w X f‘l s 1 ) ’
f : ’
(5.00~53.20 mm/s) )
(0.025~0.266 rad/s) ., , 25 , O 1
(RMS), 41.16 pm,
1 . »  53.2 mm/s (76.8 pm) , 0
b .
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