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The paper deals with a new concept of an integrated antenna array for air traffic control (ATC). The antenna consists of 3D primary surveillance radar (PSR) and secondary surveillance radar (SSR). There is a detailed description of integration of antennas, used synthesis techniques and comparison of measurements for both radars. Numerical simulations including random errors of amplitudes and phases on each output of feeding network and their effect on radiation patterns are presented again for both radars. Furthermore an analysis of failure in PSR feeding network and final effect on radiation pattern is presented.   
Keywords:	Primary surveillance radar  Secondary surveillance radar  Integrated antenna Antenna synthesis © 2015 IASE Publisher. All rights reserved.
		
1.	Introduction 

*Typical construction of existing surveillance radars for air traffic control is based on separation of primary radar (PSR) antenna and secondary radar (SSR) antenna. The PSR antenna is typically situated under the SSR antenna with a common rotation axis (Oliner et al., 2007), (Bezousek and Schejbal, 2004), (Milligan, 2005) and (Skolnik, 2008). This configuration is applicable only in the case of a small vertical aperture of a SSR antenna. Recently in both radars, large vertical apertures are preferred (Oliner et al., 2007) due to their higher gain and lower earth reflection. However, installation of two antennas with very high aperture above each other on one common mast could result in suffering from mechanical instability and electrical troubles in adverse weather and from transportation difficulties in the case of a mobile system. Enumerated reasons lead to integration of both antennas into one. In the past, integration of both antenna systems using separate feeders, common reflectors or various combinations of reflectors and dipole antenna arrays were reported (Bezousek and Schejbal, 2004), (Duppressor, 1983), (Cohen, 1983). In this paper the synthesis of 3D PSR and monopoles SSR antenna radiation patterns are described. Antenna integration is based on combination of slotted waveguides and patch arrays (see Fig. 1). Dual frequency or broadband array antennas based on a combination of patch and slotted waveguides, were also described in (Uher et al., 1997; Stasiowski and Schaubert, 2008). 
                                                 * Corresponding Author.  Email Address: tomas.zalabsky@student.upce.cz  

The primary radar antenna working in S band (2.7 – 2.9 GHz) consist of 32 equidistant spaced horizontal polarized slotted waveguide rows, each with 77 radiating slots (again equidistant spaced) of alternating slope for suppression of vertical polarization. The redundant emitted vertical polarization is suppressed by vertical conducting diaphragms between slots made by hollow metals fins. Vertical conducting plates also suppress mutual coupling between each element in waveguide. The second advantage of these fins is that together with slotted waveguides create a very robust, resident and self-supporting mechanical construction. Each of the waveguide rows are equipped by their own receiver and transceiver module. This solution allows creation of a desired radiation pattern in a vertical plane (by signal distribution network) and creates several beams on the receiver side (digitally) which results in possibility to determinate elevation angle of targets. The antenna structure was described in more detail in (Bezousek et al., 2013; Bezousek, Chyba et al., 2013; Bezousek et al., 2014). The secondary surveillance radar antenna consists of 27 vertical radiation columns. The vertical feeders are located inside the hollow metals fins between waveguide slots. For this purpose each third metal fin is used. On the front side of these fins are situated radiating elements – patches, which are tuned to the required frequencies 1030 MHz and 1090 MHz. As these SSR radiators and vertical feeders are situated in front of the primary antenna slots their forms, dimensions and positions are very critical for a high PSR antenna quality. The design was described in (Zalabsky, 2012; Schejbal et al., 2013; Bezousek and Schejbal, 2011).     
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a: Horizontal b: Vertical 
Fig.	3: Patterns comparison at each frequency 

3.	Receivers'	beams	The azimuth pattern is same for transmitting and receiving (Fig. 2a). The transmitting pattern (Fig. 2b) has a squared cosecant shape to elevation 45° on the vertical axis. The receiving pattern (Fig. 4 normed to beam without beam squint) is not the same; there are eight receiving beams digitally formed in a digital beam forming processor. There sum Σ and diff Δ patterns from 32 waveguide rows are formed.  Sum pattern beam width is not the same for all eight beams. It is narrower for low elevation and wider for higher elevation. Most objects are far from PSR (low elevation) and we need to separate them in angle. A contrary object, close to PSR, has high elevation and there are not so many of them and beam width can be wider. If PSR is situated in the airport, there are other radar systems (e.g. (Moorcroft, 1958)), which are used for accurate determination of elevation angle. The sum pattern beam width (3dB) is 3.4 deg without beam squint with using all 32 rows. We achieve wider beam width by using lower number of rows for digital beam forming.  

	
Fig.	4: Receiving beams digitally formed in digital beam forming processor (center frequency) 

4.	Random	errors	In case of random amplitudes and phase changes on individual radiators, the radiation pattern is different from the radiation pattern observed with computed amplitudes and phases. There are several aspects which can perform on radiation pattern, e.g.: 

amplitude and phase errors in feeding circuits, radiating elements, mechanical constructions, etc. Amplitude and phase errors remove part of the energy from the main lobe and scatter this energy to side lobes. The scattered energy for small uncorrelated errors is: σT2= σφ2,+ σA2 where σφ, σA are amplitude and phase standard deviation errors. This energy is radiated to far zone by radiator gain influence. Mean-squared side lobe level is determined as follows: ܮܵܵܯ = ܰ(1ߟଶ்ߪ −   .ଶ்)          (1) Where: N – number of elements in array, ηa – aperture efficiency. Amplitude errors are multiplied with individual amplitudes. Phase errors are added to theoretical phases. Influenced radiation pattern by random amplitude and phase errors for PSR is shown in Fig. 6 for σA = 0.83 dB, σφ = 5.7 deg and four realizations.  The main lobes of horizontal patterns are the same for all scenarios. Difference is on the side of the side lobes, but still under -35 dB). The vertical pattern is more dependent (compare to horizontal pattern) on phase errors because the radiation pattern is only formed by phase shifts between each radiator. Amplitudes of each radiator are equal. Fig. 5 shows radiation pattern with failure in feeding of 10th waveguide rowߪ

 
Fig.	5: Comparison of the vertical radiation pattern and radiation pattern with feed failure of 10th row at center frequency for PSR antenna  
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It is evident that the shape of measured radiation pattern well corresponds with required cosecant squared course; the comparison of measured values with required has been performed and complements this contribution. 
6.	Conclusion	In this paper the concept of integration of PSR and SSR antenna was briefly described. The presented antenna structure offers good high frequency parameters of both antennas at two frequency bands at a low antenna height, beneficial mainly in mobile application. The radiation pattern shapes for both plane (horizontal and vertical) and for both radar systems (PSR and SSR) were discussed. A synthesis of a new planar phased active array of 3-D PSR, without compromise regarding the antenna parameters, with the Taylor distribution for horizontal pattern, transmitted shaped fan beam and eight receiving beams, is provided. Both numerical simulations including random errors of amplitudes and phases as well as non-working transmitting row are presented. Finally, the proposed antennas radiation pattern has been verified via real measurement using near field technic. It can be summarized that the designed antenna system complies with our application for air traffic control system 
Acknowledgement	The described research was supported by the Technology Agency of the Czech Republic, project No. TA03031548. 
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