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1. Introduction

In advanced ITS application, the radar antenna is expected to resolve several objects in the
horizontal plane. These applications demand multibeam antennas. Multibeam antennas have to form
high gain and low sidelobe radiation patterns at different directions. In case of the anticollision
vehicular radar, a vertical sector beam will be required when considering the inclination of the road.

The typical antenna with multibeam performance is the bifocal antenna with dielectric lens [1].
Though the bifocal lens is guaranteed to equalize the aperture phase distribution on the specified
design directions in the scanning plane, it is not guaranteed on the transverse plane due to its
astigmatism as well as the other directions. Of course, the vertical sector beam cannot be formed. No
previous reports have adequately addressed these points, especially vertical sector beam.

We propose an effective method to design multibeam dielectric lens antennas with the fan beam. To
optimize the lens antennas balancing the gain (including pattern loss) and sidelobe level of the
scanning and transverse patterns taking into account of beamwidth of the vertical pattern, the
pareto-genetic algorithm [2] is introduced.

2. Proposed Lens Design Using PARATO GA

In our approach, the initial shape of lens is determined so as to yield a single focal lens. Next, the
shape of the lens is modified so as to obtain both multibeam and vertical sector beam characteristics.
The modifying values are given by the chromosomes. The positions of the feeds are also determined
from the chromosomes. The radiation pattern of each structure is calculated and evaluated by the
pareto ranking method. The individuals and the calculation procedure are shown in Fig. 1. The
definition of lens coordinates considering the multibeam goal is shown in Fig. 2. First of all, Py(1) is
defined. ¢ is the angle between the z-axis and the line from the origin to the lens edge. When D, is
fixed, ¢ is a function of z. Accordingly, when Feed (1) is placed at the origin, z;(1) in P;(1) is
determined so as to maximize the radiation efficiency [3].

Py(1)=[0 z,(1)+ Az (D] (M

z1(1) is the value yielded by the maximization of the radiation efficiency. Az (1) is the correction
value derived from the individuals. Applying Az(1) can yield superior results in multibeam antenna
design. Though the optimized lens shape including Az;(1) may not offer maximum efficiency, it
obtains better performance from the view point of the values of multiple objective functions.

The coordinates of the first plane that starts from P;(1) are determined. The interval, in the
x-direction, of each Py(n) is constant, Ax,. The difference, in the z-direction, from the previous point
is defined as Az;(n). Accordingly, Pi(n) is expressed by the following recursion.

P(n)=[x,(n=1)+4x, z(m-1)+4z,mn)] (2<n<N) )



Az(n) are derived from the individuals. Referring to Py(n), the coordinates of the second plane are
determined so that a single focal lens can be formed. The criterion of the path length is satisfied when
the ray from the feed (1) to P;(N) becomes parallel to the z-axis after refraction at the lens edge.
Considering this path length and the refraction at the first plane, all P,(n) can be determined. The result
is a single focal lens with modified first plane.

Next, P(n) are modified to P’,(n) to obtain the desired multibeam characteristics. Similar to Py(n),
X,(n) in Py(n) are left and z,(n) are modified to z',(n).

P’ (N)=[x,(N) zo(N)+Azy(N)]" 3)
P, (n)=[x,(n) z,m)+ dz,(n) + 2", (n +1) - z,(n +1)] (N-12n2>1) 4)

A z(n) are also derived from the individuals. 4720 —1)+2% () =20 represents the
accumulation of correction value from the lens edge. (4) can gradually change toward the lens center.
By rotating the cross section made by P;(n) and P,(n) around z axis, form of lens is achieved.

Feed (2) is placed on the line formed by 6(2) = 10°. When the lens thickness on z-axis is T, the
intersection point between the z-axis and R(m) is defined as T/ref from P;(1) [1]. Feed (3) and feed (4)
are placed at 20° and 30°, respectively. Each feed is directed to P;(1) to reduce the spillover. The focal
lengths have yet to be determined. Because the focal point of xz-plane and yz-plane differs due to
astigmatism, GA decides the focal lengths. The guesses of R(m) are calculated from [4]. The focal
point on the scanning plane is

R(m)=Fcos*(O(m))  (m=1..4) Q)
where F is the focal length shown in Fig. 2. The focal point on the transverse plane is
Rm)=F (m=1..4) (6)

From (5) and (6), the search range of feed locations is determined. The positions are also derived
from the individuals to obtain better performance.

To investigate the beam width of the vertical pattern and the pattern loss of multibeam, the major
axis Dy, and the minor axis Dy of the lens are incorporated into the individual as the chromosome.

To evaluate the modified lens performance, the radiation patterns of the designed shapes E,.(0,0)
are calculated. The patterns from E,(0,9) to E4(0,¢) correspond to each feed. Here three objective
functions are defined. The first object is the minimum gain where two beams intersect.

Ob_] 1 :min[Erl (ecross( 1 )90) Er2(ecross(2)’) Er3(ecross(3)50)] (7)

0.r0ss(M) 1 an angle intersecting m™ beam with m+1™ beam.
The second object is the minimum value of the ratio between the gain and the sidelobe level.

Obj2=min[E(6(1),0)/SLL(E(6,0)) E.2(6(2),0)/SLL(E(6,0))
E3(6(3),0)/SLL(E5(8,0)) E4(6(4),0)/SLL(E4(6,0))
En(6(1),0)/SLL(E(8(1),0)) Ex(0(2),0)/SLL(E.»(6(2),9)))
E3(6(3),0)/SLL(E5(8(3),0)) Ew4(6(4),0)/SLL(E4(6(4),0))] (3)

SLL(-) represents the calculated value of the maximum sidelobe level. The first half of (8)
represents the multibeam pattern in the horizontal plane. The second half of (8) represents the sector
beam pattern in the vertical plane.

The third object is formation of sector beam in the vertical plane. Here, it is assumed to form
beamwidth of 20°.

Objs=min[-| ¢ 338(1)-20]  -| $ 348(2)-20] -| & 348(3)-20] -| b 348(4)-20[] )



® 3g5(m) is beamwidth of vertical pattern of m™ beam. (7), (8) and (9) are evaluated for all
individuals.

3. Numerical Simulation

The validity of the proposed method is demonstrated in this section. The radiation pattern of the
feed was cos™™0 in both horizontal and vertical plane based on numerical simulation results of Vivaldi
antenna. The upper limitation of Dy and Dy is decided so as to achieve beamewidth of 10° by the
circular aperture under the conditions that radiation efficiency becomes maximum value [3].

The calculation result is shown below. The values of objective functions (7) to (9) at the final
generation are shown in Fig. 3. The circles in this figure represent each individual's performance.
Individual A to C are pareto-optimal. Individual A is superior to gain, Individual B is superior to
sidelobe level, and Individual C is superior to beamwidth of vertical sector beam.

4. Conclusion

We have proposed an effective method to design multibeam dielectric lens antennas with the fan
beam. To optimize the lens antennas balancing the gain including pattern loss of multibeam and
sidelobe level of the scanning and transverse patterns taking into account of beamwidth of the vertical
pattern, the pareto-genetic algorithm is introduced. The validities have been confirmed by numerical
simulation.
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Table 1 Parameters of simulation

separation angle between feeds /A6
maximum steering angle 6(M)
feed pattern n cos6™ n
aperture D,, D,
distance between lens and feed z,(1)
interval Ax;
Azi(n)

focal distance R(m) (except of m=1)

refractive index Ref

number of individuals

number of chromosomes

10°

30°
2.8

1~20A (variable)
1~7x (variable)
0.5A
—0.05~+0.05) (variable)
Feos((m))~ F (variable)

1.6

40

49 (Dy, Dy, z/(1), AzAn) X 21, AzAn) X 22, R(m) X 3)

bit number of chromosomes 8
Number of generation 100
Mutation probability 0.2(start) to 0.1(end)
Crossover probability 0.01
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Fig.3 Three objective functions at final generation.

Table 2 Performances of 3 parato optimal.

Individual Obj:[dB] Obj2[dB] Objs[Deg]l
A 21.7 12.7 -10.1
B 16.5 19.1 -2.72
C 9.71 18.1 -0.04




