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Table 1 Algorithm flow

Algorithm Global optimal location algorithm based on laser ranging
Application Long distance, large inclination, small intersection angle, and other limited observation conditions
Input Images, rotation angles, internal parameter, external parameter matrix of the first frame
Output Target location P
1 Feature points extraction and matching of two neighboring frames
2 Establish Eq. (7) with 4 corresponding points and 1 rotation angle
3 Calculate essential matrix E based on Groébner basis
4 Get rotation matrix and translation vector by singular value decomposition of E
5 Repeat steps 2-4 with RANSAC
6 Determine pose estimation between neighboring frames
7 Use Eq. (10) to calculate projection matrix M of each frame
8 Use Eq. (11) to intersect location of target P
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Fig. 4 Schematic diagram of ground target location
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Fig. 5 Target location error under different pixel error. (a) 4-point algorithm; (b) 5-point algorithm
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Table 2 Flight test parameters

Group 1 2 3
Intersection angle /(*)  53.9700 24.0266 24.3597
Number of images 16 17 34

®3OENMEAR
Table 3 Location results
Group
Method Result
1 2 3

Target location error /m 10.7462  68.1229 42.8668
4-point Iterations 784 443 2524

Threshold 1X107" 1x107"% 1xX107"

Target location error /m 317.0942 327.7238 225.5647
5-point Iterations 1415 1146 3733

Threshold 1X10"% 1x10 " 1x10 "
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Abstract

Objective It is an effective means to identify and track the target using the airborne electro-optical platform with high-resolution
imaging equipment. However, in the actual combat process, it is challenging to meet the optimal observation conditions of nadir
looking. Usually, it is necessary to quickly locate the remote target at a certain height, resulting in a large inclination of the
photograph and a small angle between two observations. Furthermore, a motion camera’s relative pose estimation is the key visual
location technology based on an airborne electro-optical platform. Typical pose estimation methods include the vision-based pose
estimation method and the vision-based pose estimation method with an inertial measurement unit (IMU). The latter introduces
additional angle constraints based on the former. Under typical limited observation conditions such as a large inclination angle and
small intersection angle, the camera’s pose estimation accuracy is easily affected by the attitude angle error and the image point
extraction error, which makes the target location accuracy difficult to meet application requirements. Therefore, it is of great

significance to study target tracking and location under limited observation conditions to improve operational efficiency.

Methods The unavoidable problem is that the measurement angle of the IMU drifts with time, and the calibration of the installation
relationship between the IMU and the camera is cumbersome. Therefore, this paper proposes a ground target location method under
the fixed installation of the IMU and the camera. This method does not require the installation relationship information between the
calibration camera and the IMU. Firstly, two adjacent frames of images are extracted and matched through the scale-invariant feature
transformation (SIFT) matching algorithm. Secondly, the IMU installed in the fixed link is used to provide the relative rotation angle
information for the motion camera. Combined with the robust estimation algorithm random sample consensus (RANSAC) algorithm,
the relative rotation and translation of two adjacent frames are estimated according to a relative rotation angle and four corresponding
image points. Then, combined with the external parameters of the first frame image, the external parameter matrix of any frame can

be obtained. Finally, the projection matrix is used to intersect the spatial location of the target.

Results and Discussions Under the RANSAC framework, the smaller the minimum number of points required to solve the
model, the same confidence level can be achieved with fewer iterations. Therefore, compared with other traditional algorithms, the
algorithm proposed in this paper can significantly improve the computational efficiency under the same ratio of outliers (Fig. 3). In the
simulation and flight experiment, the airborne electro-optical platform is 5 km away from the target and observes the target at an angle
of 66.42°. Monte Carlo simulation analysis shows that the location accuracy of the proposed method is affected by the accuracy of pixel
extraction (Fig. 5), relative rotation angle (Fig. 6), and the platform location (Fig. 7). Under the same pixel extraction error, the
method in this paper shows apparently excellent performance. And the larger the intersection angle, the smaller the location error.
According to the flight experiment, this method introduces the relative rotation angle constraint, which can more accurately estimate
the relative rotation and translation of the camera than the traditional method and improve the location accuracy under limited
observation conditions (Table 3).

Conclusions Under limited observation conditions such as a long distance, a large inclination, and a small intersection angle, the
accuracy of ground target location is challenging to meet the task requirements. Therefore, this paper proposes a ground target
location method with the fixed installation of an IMU and a camera. When the IMU is fixedly installed with the camera, it can directly
provide the relative rotation angle for the camera. What’s more, it reduces the degrees of freedom of the relative pose estimation
problem and the number of solutions. Under the RANSAC framework, the proposed method is more likely to find the appropriate
solution from the same number of iterations. This method can significantly improve the calculation efficiency and the target location

accuracy under limited observation conditions.

Key words measurement; airborne electro-optical platform; inertial measurement unit; limited observation conditions; pose

estimation; ground target location
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