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Fig.1 Schematic diagram of aerial imaging model
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Fig. 3 Schematic diagram of Gauss imaging theorem and focal plane variation

FEGI N DEM B 5, AT DR #i i o 60 o7 B SR B T S5 ) i AR A, SR s 2
I AT E ) E A R SRR



ARG AR LA SR X I ) DEM R, ARAE 1148 Al Ja 7 I PR 2 ) BAT B 8 XIS RS
e B IR O S R L PEAE EAE AL R, (8 B IE S TS IR R Y S I RFAE DL G
SOk, JPARYRRRAEVCAC A 5 S bR UC RS s R 2 B, AT VRS ARBIL A 7 L e 3R AL & 3R
W IT TR A E R A (5):
a(X=X)+b (V=Y )+c (Z-275)
a, (X =Xg)+b, (Y =Yy )+e, (Z-Z5)
a,(X =X )+b, (Y =Yy )+c,(Z-Z5)
ay (X =Xg)+b, (Y =Y )+e, (Z-2Z5)

X—x0+dx+AX:—(f+Af)

(5)
y =Y, +dy+Ay =—(F+Af)

K, (Ax, Ay ) NULECRHAE S AR B AL, ASRRTEHINLERE R, HAS LS (D

.
FERRIUIT S AL R X4k DEM BB 5, b A LR A P ads rl 0 [ 4R T ol L AN A2 1O 1

&, AT LA S R A S AR S AR AL T BE £ AR b DRI, 3 i SR EBCAE R R 25 AR AL
TR E AL, BIVRT 58 R A R I L AG o
FLZE AL SIS T 4 1 AT T RN B (Ax, Ay, AF) =(0,0,0) , R SRHLH AT

UGS RO . AR ICRCRFE S0 (Ax, Ay ) o FRAF 50 AL S 1 5 il v 45

PREERE AL KRN, i 4 Fron. BT, ARYE AR R AL YRR TE T AR 45 R, il
LA ARNLA AR T IR B, PR TS AR LA T T R B 2 Sl L, DASRIRIBGS Bl 32 AL 5 14

i 1B R R

P 4 TR0 ARSI B35 Bl A DN 7 R i
Fig.4 Schematic diagram of definition detection method based on Digital Elevation Model
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Fig. 5 Definition detection of weak feature areas by this algorithm (low definition)
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Fig. 7 Definition detection normalization function curve of classical definition detection algorithm and this

algorithm in weak characteristic region
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Table 1 Comparison of detection accuracy of different definition detection methods for strong feature areas and

weak feature areas unit:um
Definition detection accuracy of Definition detection accuracy of
Algorithm name
strong characteristic area weak characteristic area
Brenner 20.8 X
Laplacian 28.4 X
Robert 25.8 X
Sobel 19.7 X
Algorithm in this paper 15.8 16.3
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Table 2 Influence of feature point position in weak feature area on definition detection accuracy

Pixel coordinates of feature points in the previous Root mean square error of image definition parameter
image (the upper left corner is the origin) calculation (pm )

(4231, 2875) 16.275

(3491, 2943) 16.778

(3486, 3082) 14.314

(2058, 3152) 14.210

(1789, 2645) 14.573

(1560, 2693) 14.928

(74, 2610) 17.806

(4229, 2596) 18.324

(3499, 2551) 13.877

(3482, 2703) 15.002

Root mean square of total error 16.275
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Abstract

Objective The working environment of aerial camera is complex. In the process of acquiring
aerial remote sensing images, the optical system is defocused due to the influence of external
environment such as ground elevation difference, temperature and air pressure. The obtained
aerial remote sensing image is not clear enough. The definition detection method based on image
processing completes the definition detection through the spectrum analysis of high-frequency
information in aerial remote sensing images. Taking advantage of the fast running speed of
computer, the definition detection of aerial remote sensing images is completed in real time.
Therefore, it has become the main method of sharpness detection at home and abroad. However,
the weak characteristic areas such as oceans, grasslands and deserts, which cover more than half
of the earth, have less high-frequency information in aerial remote sensing images. When using
conventional image detection methods for sharpness detection, the error rate is high. According to
the characteristics of overlapping areas between the two images, @ method of aerial camera image
sharpness detection based on digital elevation model (DEM) is proposed. This method introduces
a high-precision DEM model, and according to the acquired weak feature area, the two images
before and after the aerial remote sensing image have the characteristics of overlapping areas. The
aerial imaging model is modified by minimizing the re-projection error, and the sharpness is
detected according to the offset of feature points in the weak feature overlapping area. It makes up
for the defect that the sharpness detection method based on image processing can’t detect the
sharpness in weak feature areas, and expands the applicability of the sharpness detection method
based on image processing.

Methods In this study, aerial imaging model and feature point matching are used to obtain image
sharpness parameters. Firstly, digital elevation model (DEM) is used to provide the elevation data
of the ground object in the aerial imaging model. Sum the re-projection error of each pixel in the
overlapping area as the re-projection error function. By minimizing the re-projection error, the
relative error coefficients of various influencing factors can be obtained, so as to modify the aerial
imaging model. Then, according to the characteristics of the overlapping area between the two
images, the geographical information of the scenery in the overlapping area is regarded as public
knowledge. The modified aerial imaging model is used to realize the feature matching algorithm.
Then, according to the error between the feature matching points and the scale-invariant feature
transformation algorithm (SIFT) matching points, the change of the azimuth elements in the aerial
camera is calculated. Finally, the change of the principal distance is used as the sharpness
detection result. Through the focal plane driving device of the aerial camera, the focal plane of the
aerial camera can be quickly adjusted to the appropriate position in order to obtain the aerial



remote sensing image with sufficient definition.

Results and Discussions In the experiment, the aerial remote sensing image of the weak feature
area obtained by the aerial camera is transmitted to the image processing computer. Introduce the
DEM image with the accuracy of millimeter level processed by the computer in advance. SIFT
algorithm is used to extract the features of the weak feature image in the overlapping area, and the
change of principal distance is calculated by the offset of feature points. Finally, the corresponding
mechanical structure is adjusted according to the change of main distance, and the aerial remote
sensing image with sufficient definition is obtained. In this experiment, we select the second
dimension with insufficient definition and the previous dimension with enough clear feature points
in multiple groups of overlapping areas. To verify the sharpness detection effect of the algorithm
in this paper between images with different sharpness (Fig. 5-fig. 6). In the area with abundant
ground scenery, 15 repeated experiments were carried out using different definition detection
algorithms. The root mean square error of the sharpness detection parameters of the algorithm in
this paper reaches 15.8 pm (Table 1). After 15 repeated experiments in the area with scarce
ground scenery, the root mean square error of the sharpness detection parameters of this algorithm
can reach 16.3 pm . The classic sharpness detection algorithm such as Robert and the algorithm
in this paper are used for weak feature arcas, and 15 experiments are repeated. The sharpness
detection curve is shown in the figure (Fig. 7). The algorithm in this paper calculates the root
mean square error of sharpness detection parameters in the weak feature area, which reaches
16.275 pm (Table 2), meeting the actual engineering accuracy requirements of aerial cameras. It
is proved that the algorithm in this paper has certain engineering application value.

Conclusions In order to meet the application requirements of aerial cameras in military
reconnaissance and topographic mapping, it is necessary to obtain clear aerial remote sensing
images in real time. The key to obtain a clear image is the precise sharpness detection technology.
In order to solve the problem of aerial camera imaging sharpness detection in weak feature areas,
according to the characteristics of overlapping areas between the two images. A method of image
sharpness detection of aerial camera based on digital elevation model (DEM) is proposed. Based
on the introduction of DEM data, the aerial imaging model is optimized by minimizing the re
projection error. According to the geographical information of the scene in the overlapping area of
the front and back two formats of the aerial remote sensing image, the change of the principal
distance of the latter format relative to the previous format is calculated, so as to obtain the

sharpness detection results. After many experiments, the root mean square error of sharpness
measurement in the area with few features is 16.275 pm , which is within the range of half focal

depth of aerial camera optical system 19.2 pm . The accuracy meets the actual engineering
accuracy requirements of aerial cameras, and the algorithm in this paper has certain engineering
application value.

Key words Aerial camera; Definition test; Digital Elevation Model; Aerial imaging model;
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