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Аннотация. Рассмотрены существующие методы определения координат 

летательного аппарата в пространстве. Выбраны подходящие методы для 

использования в разрабатываемой системе автоматической посадки беспилотных 

летательных аппаратов. Описаны достоинства и недостатки каждого выбранного 

метода. 

Ключевые слова: летательный аппарат, лазерный маяк, метод определения 

координат, относительные координаты. 

 

Abstract. The existing methods for the aircraft positioning have been discussed. The 

appropriate methods have been chosen to be used in the required laser automatic landing 

system for unmanned aerial vehicles. Advantages and disadvantages of each method are 

described in this paper. 

Key words: aircraft, laser beacon, position finding method, relative coordinates. 

 

There are plenty of methods for the aircraft positioning: range-measurement 

method, differential range-measurement method, resulting range-measurement 

method, angle-measurement method, range-angle-measurement method, radial-
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velocity method and differential radial-velocity method. But only three methods are 

applicable for the automatic landing system being developed: range-measurement 

method, angle-measurement method and range-angle-measurement method. Other 

methods are only used for radio positioning. This system uses laser beacons ([1] 

contains a description of the developed system). 

A range-measurement method is used for the aircraft positioning (Fig.1) by 

calculation the distances (d1, d2, d3, d4) from laser beacons to the aircraft [2], [3]. 

Three laser beacons are sufficient for implementation of this method. The mentioned 

automatic landing system uses four beacons with known coordinates М1 (x1, y1 ,z1), 

М2 (x2, y2, z2), М3 (x3 ,y3, z3) and М4 (x4, y4, z4). 

 
Fig. 1. 

 

Solve the system of linear equations to position the aircraft L (xl, yl, zl): 

, 

, 

, 

. 

(1) 

When the system of equations (1) is solved, we have a set of solutions. The 

auxiliary angle-data sensors which measure directions of laser beams are used here to 

exclude the ambiguousness.   

The accuracy of the range-measurement method is influenced by a ranging 

error – ∆d, as a result we will receive a formula for calculation of distance from a 

laser beacon to the aircraft: 

. (2) 

An angle-measurement method is based on use of information on pointing of 

the laser beacon at the aircraft [4]. This method can be implemented by using two 

laser beacons with known coordinates М1 (x1, y1, z1) and М2 (x2, y2, z2). The 

coordinates help to calculate the distance between beacons.  
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a)      b) 

Fig. 2. 

 

Having a laser beam tilt angle α’ and directional angles α and β we can 

calculate relative coordinates of the aircraft L (xl, yl, zl). Based on the data from Fig. 

2a., we obtain expressions which help to get the relative coordinates xl and yl. 

; 

; 

; 

; 

; 

. 

(3) 

Having analyzed Fig. 2b we get formulas which help to obtain the relative 

coordinates zl. 

; 

; 

. 

(4) 

The accuracy of the angle-measurement method is influenced by the following 

parameters: laser beam spreading – γ, accuracy of tilt angle sensors – , accuracy 

of directional angle sensor – . As a result we will have: 

 

 

 

 

 

(5) 
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where:  – tilt angle measurement error,  – directional angle 

measurement error, , ,  – the measured angles including 

the error. 

Substitute these values with α, β,  in formulas (3) and (4) to calculate the 

relative coordinates. 

A range-angle-measurement method can be implemented by means of one laser 

beacon. The laser beacon shall be able to calculate the distance d to the aircraft as 

well as tilt angles β and directional angles α[5] to find relative coordinates. 

Analyze Fig.3 to find relative coordinates of the aircraft L (xl, yl, zl). 

 
Fig. 3. 
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. 

(6) 

where li – projection of distance from i laser beacon on the x,y plane. 

The accuracy of the range-angle-measurement method is influenced by the 

following parameters: ranging error – ∆d, laser beam spreading – γ, accuracy of tilt 

angle sensors – , accuracy of directional angle sensor –  As a result we 

will have: 
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. 

(7) 
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where: ∆d – ranging error,  – tilt angle measurement error,  – 

directional angle measurement error, ,  – the measured angles 

including the error. 

Substitute these values with  in formula (6) to calculate the relative 

coordinates. 

The three positioning methods were discussed during development of the laser 

automatic landing system. Each method has its pros and cons. For example, a range-

measurement method is highly accurate in position finding, but it requires three laser 

beacons and there is also the ambiguousness in positioning. An angle-measurement 

method allows to process the information easily and only requires two laser beacons, 

but at the same time is less accurate. The main advantage of the range-angle-

measurement method is a possibility to use only one laser beacon with mean 

accuracy. We suppose to use a range-measurement method as the main positioning 

method and other methods can be used for comparison, correction and excluding of 

the ambiguousness of the main method. 
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