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Analysis of Image Rotation for Aerial Remote Sensor with
Three-Mirror Reflective Optical System
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Abstract Image rotation is one important aspect on influence and confinement of image quality. The image mirror
non-synchronous rotation with scanning mirror will cause image rotation in the focal plane. Consequently. it will lead
to the loss of ground information and the image resolution will decrease significantly. In order to improve the dynamic
state resolution of aerial remote sensor. it is indispensable to analyze the image rotation of aerial remote sensor.
According to the optical reflection vector theory, imaging characteristics of aerial remote sensor with three-mirror
reflective optical system are studied. At first, a simple mathematic model is abstracted {from the aerial remote sensor.
In the Cartesian coordinate system, it can analyze the influence on image quality which is caused by scanning mirror
rotation along the direction of position angle and plunge angle by the mathematic method of coordinate
transformation. Scanning mirror rotations along directions of plunge and position angles produce image rotation and
image motion, respectively. It will provide a theoretical basis for designing a mechanical structure to compensate for
drift angle and for the control of integration time of time delayed and integration (TDI) CCD according to the
analysis. Test results show that the rotation synchronous error is less than one-third of pixel size and that prime
images can be acquired without any blurring. Thereby. the modulation transfer function (MTF) of optical system can
be improved.

Key words aerial imaging; image rotation; remote sensor; three-mirror reflective optical system; Cartesian
coordinate system; drift compensation mechanism
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Fig. 1 Revolution between flight-path coordinate system
and body coordinate system
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Fig. 6 Schematic diagram of the rotary
detector mechanism
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Table 1 Measurement data

Drift mechanism Encoder output Deviation
position /(°) number angle 6 /(")
—12.78 111444 6.8
—10. 65 112995 6.4
—8.52 114546 5.9
—6.39 116095 —5.3
—4.26 117648 5.5
—2.13 199199 6.1
0 120749 0
2.13 112301 5.4
4.26 123852 6.2
6. 39 125403 6.7
8.52 126954 5.1
10. 65 128503 —5.8
12.78 130056 6.3
1 s
0
13

12,2=0.05 t,=2.18,

A=, S = 3,413,
n
d=300 mm, Oy
8 = dtan(%)z 0.0038 mm < 0. 004 mm.
, 1/3 pixel, 7

Fig. 7 Test flight image
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