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Abstract

In this paper, the problem of bearings-only passive location in formation flying of unmanned aeri-
al vehicles is mainly studied. According to the multi-objective optimization model, the positioning
position information of unmanned aerial vehicles (UAVs) receiving passive signals is estimated by
using triangle positioning algorithm, greedy algorithm and dynamic programming model, and the
flying position of UAV tunneling formation is adjusted. For the first question (1), the UAV’s percep-
tion of its own height is considered, and the problem is only considered in two-dimensional space,
and the polar coordinate system is established. According to the angle relationship between un-
manned aerial vehicles receiving signals passively and unmanned aerial vehicles transmitting
signals, it is classified and discussed in four situations. The relationship between angles and dis-
tances between unmanned aerial vehicles is found by using geometric knowledge such as sine
theorem and triangle properties, and the corresponding distances and angles of different un-
manned aerial vehicles are solved, thus establishing the positioning model of unmanned aerial
vehicles receiving signals passively. In response to question (2) of the first question, considering
that the number of unmanned aerial vehicles (UAVs) transmitting signals is unknown, it can’t be
directly solved by triangulation, so it is assumed that two UAVs are needed to transmit signals.
Four UAVs transmitting signals are arranged and combined according to the bistatic cross posi-
tioning algorithm, and the equations are simultaneously solved by using triangulation positioning
method, sine theorem, triangle properties and other geometric knowledge, and the unique coor-
dinate solution is obtained, thus proving that the hypothesis is established, that is, besides FY00
and FY01, there are two UAVs transmitting signals. In order to solve the question (3) of the first
question, considering that the positions of other UAVs are slightly deviated except FY00 and FYO01,
the greedy algorithm is used to establish a multi-objective programming model, and the UAVs that
transmit signals are selected to minimize the position deviation of each UAV that passively rece-
ives signals, and then the deviation between the overall circular formation and the specified cir-
cumference reaches the optimal solution, so as to obtain the adjustment scheme. Aiming at the
second problem, considering that drones are not necessarily at the same height, a rectangular
coordinate system is established in three-dimensional space. In order to avoid large error, three
adjacent UAVs are selected as the UAVs transmitting signals, and the optimal orientation of UAVs
is found in turn by using dynamic programming and multi-objective optimization model, so as to
get the adjustment scheme. The characteristic of this paper is to combine triangulation positioning
method, dynamic programming and multi-objective programming model, and use greedy algo-
rithm to derive the global optimal solution through local optimal solution, which greatly reduces
the time and complexity of operation while ensuring the accuracy of solution, and provides a ref-
erence for bearings-only passive positioning and positioning adjustment in future UAV formation
flying.
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Figure 3. Receiving drone on the left side of the lower half circumference
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Figure 4. Receiving drone on the left side of the lower half circumference
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Table 2. Rectangular coordinate table of UAV before adjustment and under standard condition
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Figure 10. Position of UAV in polar coordinates before adjustment
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