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Abstract—This work shows the main requirements for a 

system for an unmanned landing of a flying vehicle using a 

pseudo-conical scanning method. The research work focuses on 

the system sensor - a circularly polarized phased antenna array 

with pseudo-conical scanning, for locating, intercepting and 

controlling the detected object - UAV. A functional model of 

the considered antenna system, with nine beam states, is 

created. Simulated and measured results are presented. 
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I. INTRODUCTION  

 Virial applications of UAVs to solving tasks of 
different nature are applicable. They can be used to automate 
and integrate new technologies with great accuracy in 
specific processes, such as defense purposes [1], search and 
assessment in areas of disaster, accidents, and environmental 
disasters [2], and monitoring of forests, agricultural crops 
agricultural activities [3], mapping, geodetic activities, rapid 
updating of topographic information in settlements [4], 
delivery of consignments [5] and etc. All these applications 
form the design requirements for UAVs, several of which are 
related to the systems for automatic vehicle tracking and 
landing. Most known landing methods for the unmanned 
landing of UAVs are based on: differential GPS systems [6], 
laser optical curtain [7], video systems, image recognition on 
the landing pad [8], and e.t. 

 Navigation methods with radio signal processing and, in 
particular, pseudo-conical scanning (PCS) have long been 
known for the imposition of the basic principles of 
navigation radars. They are widely used in automatic satellite 
docking, tracking satellites from terrestrial 
telecommunication stations, and tracking and navigating 
mobile objects [9]. 

- It is possible to track and navigate remote objects at 
greater distances from optical systems. The only 
limiting condition is the energy balance of the radio 
connection with the moving object; 

-  Satisfactory accuracy for navigation, guidance, and 
execution of the automatic landing process. Due to 
the nature of the PCS, it is interesting to note that the 
positioning accuracy increases with decreasing 
distance between the UAV and the landing pad; 

- The landing pad dimensions should be commensurate 
with the UAV dimensions; 

- Ability to work in bad weather, rain, snow, smoky 
areas, etc. Naturally, it depends on the selected 
operating frequency range and hence on the 
peculiarities of the propagation of electromagnetic 
waves; 

- Possibility to landing on mobile platforms; 
-  Relatively low cost and easy implementation. 

The multi-beam electromagnetic wave propagation 
significantly affects the accuracy, mainly in the presence of 
obstacles. The received signal power can fluctuate in 3-6dB 
range. That is one of method disadvantages related to the 
requirement for direct visibility between the moving object 
and a landing pad. The distribution model can then be 
interpreted as a Rice fading model. This effect can generally 
be minimized if the antenna array used for PCS has a low 
level of RP side lobes. Moreover, as the distance between the 
UAV and the landing pad decreases, the accuracy of 
positioning increases. In addition, the signal strength from 
the direct beam with direct visibility increases compared to 
those with reflected signals. 

 This paper considers the circularly polarized phased 
antenna array with a pseudo-conical scanning for 
implementation in an unmanned aerial vehicle (UAV) 
landing pad. The landing systems requirements and system 
sensor - PAA parameters are defined.  

 The described antenna has nine beam states, which are 
used to determine the location and UAV control that falls 
into coverage of the antenna - sensor range. Simulated and 
measured results of the synthesized antenna array are 
presented. The presented results prove the discussed PAA 
applicability for the UAV unmanned landing pad. 

II. THE UAV LANDING PAD SENSOR REQIREMENTS 

 Sensor for the automatic landing system of a UAV is 
performed by a phased antenna array. This autonomous 
radio navigation system is used to determine the relative 
position of an object in space - Figure 1. The unmanned 
landing of UAVs on a site is performed as follows: UAV is 
directed to the landing site via its coordinates (using civil 
GPS systems). Once the UAV is positioned, the range of the 
sensor PAA with pseudo-conical scanning, the range of 
which is calculated to capture the object set at the 
appropriate GPS coordinates, and the algorithm for 



automatic landing begins. The algorithm must include the 
following main processes: determining the vehicle location 
in space relative to the coordinate system of the landing site; 
tracking, filtering, and directing to the center (the sensor 
center). 

- Operating frequency 2400MHz - part of the free 
licensing ISM band, also frequency already used to 
control some types of UAVs; 

- Linear polarized transmitting antenna mounted on the 

UAV board with a gain ; 

- UAVs transmitter out power  ≈ 10 ; 
- Receiving antenna implemented in thе landing pad 

sensor with a gain ; 

- The  with 9 beam scanning states - ≈ 20º, 
are required to ensure sufficiently high accuracy of 
the sensor; 

- The receiving part must measure the level of a UAV 
transmitted signal; 

- Communication channel transmitting commands for 
UAV positioning above the landing pad, based on the 
signals measured by the receiving antenna; 

- The vehicle location determination algorithm in 
space relative to the coordinate of the landing site; 
algorithm must following steps: tracking, filtering, 
command sending, and directing to the center of the 
coordinate system (the sensor center). 

 

 

Fig. 1. Block diagram of the automatic landing of UAVs system 

III. THE PHASED ANTENNA ARRAY DESIGN 

To comply with all the requirements for a phased antenna 
array for integration in the UAVs unmanned landing, a 
circularly polarized array (construction type 2x2) in a planar 
realization is designed. This design allows a feed network's 
easy tunning to control the antenna beam on azimuth and 
elevation planes. Pre-positioned sensor relative to the ground 
requires the definition of ϕ and θ planes, respective to E and 
H planes. 

An elementary PAA emitter - patch antenna chosen, 
designed in dielectric substrate with: εr= 4.75, tangδ=0.003, 
thickness h=1.5mm and operating frequency -fc= 2400MHz. 
To optimize antenna array design and manufacturing and 
reduce the influence of surface waves between elements in 
the array, a circularly polarization patch with a circle form - 
a resonator with a diameter: λg/2 or [10] is used: 

 

                             (1) 

where: 

                       (2) 

 
 From the patch antennas theory for obtaining a 
characteristic impedance of 50Ω, the excitation point is 

equal to a distance of from the 
center of the patch. Therefore circularly polar is obtained by 
adding a second feed point of 90º electrical length through 
the first. The phase of the second feed point can be 
commissioned with an expended patch feed network using 
hybrid devise or dephasing networks [10, 11]. 
 Using the presented equations, the synthesized patch 

dimensions are: =28.67mm and =7.16mm. 

After optimization (using openEMS using FDTD method) 
the optimal antenna dimensions are achieve were reduced to 

=28.67mm and =7.16 mm. 

 The next step is implementing the optimized patch in a 
phased antenna array. Theoretically, the distance between 
PAA elements is within 0.4λ ÷ 0.7λ [12, 13]. A toolbox of 
Matlab was used to find the optimal distance between the 
antenna array radiators and the appropriate phases for the 
element's current excitation in scanning mode. The tool 
allows the simulation of different configurations of antenna 
arrays using stimulation equations The array factor for the 
MxN array for the x-y plane is given by [14, 15]: 

 

   (3) 
 
Where: 

                              (4) 

                              (5) 

 

 Where the  and  is a distance between two adjacent 

radiation elements along the axis х and у,  are elements' 
current excitation. 

Settings the software with  ≈ 20º values in beam 
deviation in scanning mode, the current excitation phase 

values were found at both points = =90º, and optimal 

distances between the array elements is = =0.5λ. The 

gain of the antenna array is obtained =7.5dBi, which 
fully meets requirements discussed in the previous section. 

 
The next step in the PAA design is to provide circular 

polarization in the scanning mode. There are used two main 
techniques for performing circularly polarized antenna 
arrays. An approach allowed a circularly polarized antenna 
array with linearly polarized elements [16]. This technique 
proposed circle polarization in scan mode, but high gain is 
not maintained in different beam states. The technique for 
circular polarization in an antenna array is used, where the 
current phase excitation in all patches is equalized. This is 
also necessary due to the use of a -3dB bridge for the 
circular polarization of each individual element. When 
changing phases to one of the patches, to maintain the 
circular polarization, their moment phases must also be 
equalized to obtain a circular polarization in beam scanning 
mode. Therefore, for some of the excitation points for 
individual elements, an additional phase of electrical length 



is added - 180º, in this case. Another feature of the design of 
PAA for navigation purposes is symmetry between the 
antenna excitation points. Thus, symmetry is maintained 
between the centers of opposite states of the RP in scanning 
mode. A simulation model of the circularly polarized PAA 
is shown in Figure 2. The figure also shows the current 
excitation of the antenna array and the moment phases in 
each of the elements at central states. The phases of each 
current excitation feed point of the PAA are presented in 
Table 1 

 

  

Fig. 2- The Phased antenna array model and basic scheme of work 

 

 The feeding network is created of a set of planar realized 
elements - Figure 3. The RP scanning is performed using 
delay lines (DL). They switch short lines with long lines, 
with an electrical length equal to the required phase to make 
RP necessary deviation - obtained in by using the equal (3), 
(4), and (5). The length of the DL is determined by [17]: 
 

                              (6) 
 

 Where   is the DL length,  - the extended 
microstrip line with θ. This is due to a change in the 
equivalent impedance when switching between a long and a 
short line takes place in the scanning process. To minimize 
these effects, the first device in the feed network is a 
Wilkinson power divider. Due to its topology, this hybrid 
divider is characterized by stability and wide bandwidth. 
 
 

 

Fig. 3. The PAA feed network block diagram 

TABLE I.  CURRENT PHASE EXITAION FOR CENTRAL PAA RP STATE 

patch element feed point 
phase current 

exhibition 

antenna 1, port 1 0О 

antenna 1, port 2 90 О 

antenna 2, port 1 0 О 

antenna 2, port 2 270 О 

antenna 3, port 1 180 О 

antenna 3, port 2 270 О 

antenna 4, port 1 180 О 

antenna 4, port 2 90 О 

IV. SIMULATION AND MEASUREMENT RESULTS 

 The considered phased array antenna model is presented 
in Figure 4. Figures 5 ÷ 9 show a comparison results 
between simulation and measured RP. The radiation patterns 
measurement is performed through an autonomous 
measuring system discussed in [19], and measurements are 
made in open space, which minimizes interference effects. 
Table 2 gives measured RP for PAA design. 
 

   

Fig.4а). PAA made model Fig.4b). Feed network realization 
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Figure 5. RP central state 

 

Fig. 6. RP –states 2 and 4 Fig. 7. RP –states 3 and 5  
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Fig. 8. RP –states 6 and 8 Fig. 9. RP –states 7 and 9  



TABLE II.  MEASURED RP FOR PAA DESIGN  

Antenna 

RP states 

Gain 

[Dbi] 

RP beamwidth 

[deg] 

Beam 

deviation [deg] 

State 1 7.4 48º - 

State 2 7.4 47º -20º 

State 3 7.4 48º 20º 

State 4 7.4 47º -20º 

State 5 7.4 48º 20º 

State 6 6.2 46º -16º 

State 7 6.4 48º 15º 

State 8 6.2 46º -16º 

 

 Antenna reflection coefficient deviations are practically 
obtained when designing DL with RF switches (PE4259 are 
used) in the excitation network. Therefore, S11 parameters 
are not the same for the different RP states, but there 
nevertheless approximately equal. This ensures good 
operation of the center frequency antenna, with good 
bandwidth BW≥50MHz. The reflection coefficient for 
2400MHz for the different states is presented in Table 3. 

TABLE III.  PHASED AANTENNA ARRAYS11 PARAMETERS 

State S11 [dB] 

State 1 -21 

State 2 -20.9 

State 3 -21.2 

State 4 -19.6 

State 5 -23.7 

State 6 -16.8 

State 7 -15.8 

State 8 -17.3 

V. CONCLUSION 

 Thus designed circularly polarized phased antenna array 
with pseudo-conical scanning is fully applicable for 
integration into a pad for the unmanned landing of UAVs. 
The symmetry between the different radiation pattern states 
provides high accuracy in assigning the vehicle coordinates. 
In addition, the antenna is suitable for other radar purposes, 
as well as the incorporation in mobile communications of 
the latest generation, and automation of production 
processes and etc. 
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