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Abstract: For geometric distortion caused by squint imaging of a zoom aerial camera, an automatic
simultaneously correction method for both squint trapezoidal distortion and nonlinear distortion of the
zoom lens was proposed. Based on the same geometric type between straight line and its ideal projec-
tion image, the one-parameter division model was adopted to estimate the distortion coefficient and the
distortion center coordinates at different focal lengths by an optimization searching method of variant
step length. The effects of focal distance change on the distortion coefficient and distortion center co-

ordinates were researched, then the lens's distortion was corrected to satisfy the ideal pinhole imaging
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model. By introducing the position and attitude of airplane and the pointing azimuth of the optical axis
for the camera, the oblique aerial images specified in the camera frame were georectified into the map-
ping frame. The pixel intensity after coordinate transformation was resampled to obtain orthorectified
images without the lens distortion and squint distortion. The correction experiments were performed
for the distortion patterns captured under various focal lengths, positions and attitudes and the actual
aerial zoom oblique images, and the results show that this method effectively and accurately corrects
the geometric distortion of images. The Root Mean Square Error (RMSE) of image geometric correc-
tion is about 2 m when the flight height is 2 500 m with the position and attitude measurement preci-
sion given in this article. The precision satisfies the requirements of the follow-up image mosaicing. It
concludes that the method is more efficient, easy to realize in automation and has great signifiance for
promoting aerial image mosaicing precision, implementing fast positioning and real-time tracking of
moving objects.
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Principle of geometric correction for aerial

zoom oblique imaging
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Fig. 2 Coordinate transformation process for geo-
metric correction
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Fig. 8 Distortion correction results of template images captured with different focal lengths, attitudes, illuminations

and under complex backgrounds
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images using Ref. [28] method
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Fig. 9 Row and column residual errors of different methods in distorted and undistorted template images
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Tab. 2 Position and attitude data for captured images

it wARA 4 E2di's [5):3 fEmsm BEM Al

£ /mm
/() /() /() /() /m /() /() /()
Kl 11Ca) 10.9 —1.939  —27.114 42.594 67 122.895 73 2 498 2.8 0.9 190. 65
B 11(h) 15. 4 —3.993  —28.119 42.593 26 122.895 67 2498, 2 3.2 —1.6 191.53
K 11(o) 27.0 —0.851 —26.032 42.584 122.89555 2498.6 1.9 0.1 190. 94
£ 4 FE 0.2 0.1 0.1 0.000 15 0.000 15 15 0.4 0.4 0.75

(a) F=10.9 mm I EEHEMIZ ER (b)) F=15.4 mm I WEIHAIZS ER (o) F=27.0 mm I R 45005 ER
(a)Original aerial image with F=10.9 mm (b)Original aerial image with F=15.4 mm (c)Original aerial image with F=27.0 mm

() F= 10. 9 mm B} [ 1E B 1% . (e) F= 15. 4 mm I B8 1E ML . (D F=27. 0 mm B} (4 1E B4 .
k=—1.056X10"", ki =—09.243X10"%, ki =—3. 664X10 %,
Cwp s ) =(503. 44, 364.66) Cuo s )= (505. 68, 369.48) Cw s w)=1(519. 88, 372.40)

(d)Corrected image with F=10.9 mm  (e)Corrected image with F=15.4 mm  (f)Corrected image with F=27.0 mm
B 11 i as A8 £ B AR EUR 1 JL AT A% IE

Fig. 11 Geometric correction of aerial zoom oblique images
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Fig. 12 Distribution of checkpoints and their error
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