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Measurement of aircraft attitude by spatial cosine relationship
in single-station and planes to intersection in multi-station
of electro-optical theodolite

ZHAOQO Li-rong, LIU Yu-han, ZHU Wei,CAO Yong-gang, YU Xiao-bo

(Changchun Institute of Optics, Fine Mechanics and Physics ,
Chinese Academy o f Sciences. Changchun 130033,China)

Abstract: In order to realize the aircraft attitude measurement, this paper presented measurement
methods to obtain the aircraft attitude by using the spatial cosine relationship in the single-station the-
odolite and using the planes to intersection in the multi-station theodolite. When the single-station
theodolite was introduced in a measured distance from the aircraft posture information,an exhaustive
approach was used to access to the aircraft axis of the feature points and the location in the space was
used to obtain space posture parameters. When the multi-station theodolite was introduced to get the
information of the aircraft flight attitude by using the planes to intersection,a two-dimensional image

was used to obtain the objective axis by Hough transform fitting algorithm. And then,the vertical dis-
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tance of the origin to the central axis of a target and the angle between the central axis normal of the
targer and the X-axis were calculated to obtain the linear equation in the two-dimensional plane. The
two-dimensional axis of target image and the camera system’s optical center can only identify a space
plane,then the planes to the intersection method was used to obtain the space axis and to get the air-
craft yaw axis angle and pitch angle. Experimental results show that that of the single-station theodo-
lite is less than 1° when its distance is less than 6 000 m and that of the multi-station theodolite is less
than 0. 6° when its intersection angle is between 30° and 150°. According to the test results of the pre-
cision comparing,it is concluded that the mathematical model is correct and the algorithm is reasonable
in extracting effectively parameters of the aircrafts attitude.

Key words: electro-optical theodolite; aircraft attitude; Hough transform; planes to intersection
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Fig. 11  Error curves of multi-station theodolite
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