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1. PURPOSE OF THE VISIT:
Today, with automotive radars, it is possible to have speed control, collision warning, collision mitigation, lane change assist, headway alert, blind spot detection systems. The performance of such systems is directly related with the performance of the antenna front end. At millimeter waves, the most advanced antenna solutions available today are for ACC (adaptive cruise control) applications at 77 GHz; some solutions are based on standard dielectric lens antennas (Bosch Gmbh and TRW/Autocruise) with a detection range up to 250 m and a field of view up to 15°. With this exchange visit, it is planned to work on new lens antenna solutions for automotive radar applications. For this aim, dual lens antenna is proposed and its performance is investigated.

2. DESCRIPTION OF THE WORK CARRIED OUT DURING THE VISIT:
The work carried out during the visit can be itemized as follows:

· Parametric analysis:

Dual lens antennas consisting of (i) a hemispherical lens used as an immersion lens and (ii) a planospherical lens used as an objective lens with low and high dielectric constants are simulated by GO/PO, and effect of its parameters are investigated.
· Ray Tracing:

The Ray Tracing tool is used to find the focus of the dual lens system. The radiation distortion at off-axis feeds is also investigated by this tool.

· CST simulations:

Large and small dual lens antennas with low and high dielectrics are simulated by CST. A new feeding antenna radiating into Alumina is designed.

· Matching Layer Analysis:

Effects of matching layers are investigated. As an alternative solution, circular corrugations are proposed. The simulations are performed in GO/PO, CST and HFSS.

· Circular Corrugation Design:

Circular corrugations for the alumina planospherical lens are simulated by CST. The exact dimensions of the corrugations are determined with floquet wave analysis of a unit cell in HFSS.
· Measurement Setup:

Measurement setup for measuring the manufactured prototypes is proposed and whole structure is simulated in CST.

3. DESCRIPTION OF THE MAIN RESULTS OBTAINED:
A dual lens antenna system geometry composed of hemispherical and planospherical lenses is given in Fig. 1 with all design parameters. 
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Fig. 1. Dual lens antenna geometry.

The design parameters that have influence on the radiation characteristics of the double lens antenna are given in Table 1. 

Table 1. Design parameters of the double lens antenna

	Design Parameters
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	Relative permittivities of the immersion and objective lenses, respectively.
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	Diameters of the immersion and objective lenses, respectively.

	L
	Extension length of the immersion lens 

	E
	Thickness of the objective lens

	D
	Distance between the immersion and objective lens.

	F
	Distance between the feeding antenna plane and objective lens.


With the parametric analysis of dual lens antenna, we aimed to find the best solutions for the scan range of automotive radar antennas. We attempted to improve the scanning characteristics of available automotive radars by using dual lens antenna having hemispherical and planospherical lenses as immersion and objective lenses, respectively. To investigate the scanning performance, the feed antenna (aperture coupled microstrip antenna) is shifted to a distance in x-direction. With the movement of the feed from on-axis to off-axis, the scanning angle rotates from 0° to another scanning angle. The decrease in maximum of the power pattern gives the scan loss of that scanning angle. 
            After the long procedure of parametric analysis, some designs have been proposed for automotive applications with large and small configuration. In Fig.2, the scanning angle and scanning performance variations of small configuration (
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) having low and high dielectric lenses simulated by means of CST are given. The dimensions of the dual lens antennas are given in the legend inset of Fig.2.c.
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Fig.2. Radiation characteristics of the final designs with small configuration. (a) Scan angle versus X distance. (b) Directivity and (c) Scanning loss versus scan angle.

In Fig. 3, the scan angle and scanning performance variations are given for large configuration (
[image: image11.wmf]mm

64

2

1

=

=

f

f

) having low and high dielectric lenses. 
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Fig.3. Radiation characteristics of the final designs with large configuration. (a) Scan angle versus X distance. (b) Directivity and (c) Scanning loss versus scan angle.

4. FUTURE COLLABORATION WITH HOST INSTITUTION (IF APPLICABLE):
With this exchange visit, dual lens antennas are investigated in details. In the future collaboration, multiple lens antennas are planning to be worked on. Thus, a joint research project titled “MULTIPLE LENS ANTENNA DESIGN FOR AUTOMOTIVE RADAR APPLICATIONS” is proposed to The Scientific and Technological Research Council of Turkey (TÜBİTAK) and Centre National de la Recherche Scientifique (CNRS).
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