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This paper presents the measurement results of a electric-dipole-based-parasitic-element array optimized for gain, taking into account the loss resistances derived from fullwave simulation. The high gain reached (8.6dBi for a ka of 1.4) show the interest of this optimization method presented in an earlier work, maximizing intrinsic gain rather than directivity. Also, it is analytically shown that this optimization method also decreases the sensitivity to errors in the dipole excitation coefficients, as it also decreases the directivity target.

I.

INTRODUCTION

Directive and compact antenna are a topic of interest with today's emerging technologies that come with the Internet of Things, wireless sensors or radiofrequency remote controls for example. Research on superdirective end-fire arrays have thus been resumed since at least 2005 with Altshuler et al. [START_REF] Altshuler | A monopole superdirective array[END_REF] showing a practical superdirective array of two-dipole that reached 7 dB of maximum directivity measured. The excitation of each dipole was optimized based on Uzkov solution on finding the currents that maximize directivity of an array [START_REF] Uzkov | An approach to the problem of optimum directive antennae design[END_REF]. Several other prototypes of superdirective arrays of up to 4 dipoles were then published with different dipole designs for improving the performances of the arrays such as the total size or the bandwidth [-]. In this work, it is proposed to use a modified version of the optimization method presented by Uzkov. This method is based on the survey of optimized linear arrays made in [START_REF] Collin | Antenna Theory[END_REF] which included a note on the possibility to maximize gain rather than directivity, taking into account the conducting losses of the dipoles. This method was never applied on a practical array at the best of our knowledge.

In this paper, a parasitic-element end-fire array of three dipoles is then optimized for reaching the maximum gain possible with this method and its performances are measured. The second part of this paper presents the optimization method which was presented in a previous work but only validated through full-wave simulations. The third part describes the design of the electrical dipoles, the balun used and the computation of the parasitic loads of the array. The fourth part then shows the measurement setup and results of the array, in term of directivity, intrinsic and realized gain. Conclusions are drawn in the fifth part.

II. OPTIMISATION METHOD

A. Directivity optimisation

The far-field pattern of an array of P radiating elements can be expressed by:

(1) where the are the complex excitation coefficients, is the unit vector in the far-field direction and is the wavenumber. The terms are the element farfield patterns, phase referenced to their position defined by Here, we assume that the terms in their environment do not change with the excitation coefficients. From [START_REF] Altshuler | A monopole superdirective array[END_REF] the directivity of the array in the direction is expressed in the form: [START_REF] Uzkov | An approach to the problem of optimum directive antennae design[END_REF] where is the unit vector in the far-field direction .

The term The excitation coefficients maximizing the directivity expression in (2) are given by [START_REF] Uzkov | An approach to the problem of optimum directive antennae design[END_REF] or [START_REF] Collin | Antenna Theory[END_REF], as [START_REF] Yaghjian | Increasing the supergain of electrically small antennas using metamaterials[END_REF] With an arbitrary constant.

B. Gain optimisation

Considering the loss resistances of each element of the array, the gain can be expressed as 

V. CONCLUSION

This paper experimentally showed the possibility to specifically optimize supergain end-fire arrays. This method also has the advantage to be less sensitive to excitation coefficient accuracy compared to the directivity optimization. The proper input impedance matching of such array should be the focus of future works, with more adapted dipole designs for example.
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 4 Equation (3) can thus be modified to maximize the gain by replacing the diagonal coefficients by
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