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Abstract: In this paper an antenna for the satellite communication system INMARSAT is
presented. The INMARSAT System (Downlink:!1525!-!1559!MHz, Uplink:!1626.5!-
!1660.5!MHz) was mainly build for voice and data communication between offshore ships
and the mainland. Therefore these antennas have to have a steerable beam, so they can be
pointed to the satellite regardless of the ships position on sea, as well as to compensate for
the movement of the ship itself. So far the antennas for such systems have been steered
mechanically. In this paper the design of a cost effective and electronically steerable
conformal patch array antenna for the INMARSAT system is presented.

I - INTRODUCTION

INMARSAT was funded 1979 as a system, which would give the maritime industry a powerful
communication system for voice-, data- and emergency communication purposes. Since it
started service in 1982 it not only provided the maritime industry with its service but also land-
based users in remote areas without any other communication systems established. Main goal of
the herein presented antenna was the development of a low cost, flexible and highly integrated
and conformal antenna. The INMARSAT system offers a unique challenge and opportunity in
the field of antenna development. The antennas are not installed on fixed positions but on
highly agile locations like ships, trucks, and other portable devices, the antenna has to
compensate for these movements by also very agile beam steering. So fare this was done by
mechanical systems, which suffer from mechanical wear out, high weight and high cost. Since
satellite communication systems usually require antenna dimensions of several wavelengths and
since the INMARSAT system operates in the L-Band (18.0!cm<!l!<19.3!cm), it requires quite
large antennas. A reduction in size and cost is therefore of special interest for this system.  The
long service time of the INMARSAT system will allow a comparison between the herein
presented new antenna system and the existing ones as well as a profound testing of the
antenna.

II – Antenna System
The ideal antenna should be steerable in both, azimuth and elevation direction. Figure!1 shows
the required specifications and the gain pattern of the antenna. The first approach for the
antenna structure was a nearly spherical shaped antenna, constructed from 54 triangles, each
containing 18 single antenna elements. Since this concept would have required 702
TR–modules, this concept was dropped for cost reasons [1]. The finally chosen approach is
shown in figure!2. It is constructed from 64 subarrays, each containing four, aperture coupled
single radiating elements, placed on a cylindrical surface, which merges into a flat array. This
concept then only requires 64!TR–modules. The over all size of the antenna is then
2.41!m!¥!1.23!m!¥!1.68!m (height ¥!width!¥!depth). This concept will allow an electronically
steerable beam in elevation direction from -10!to!100!degrees, whereas the azimuth direction
still hast to be steered mechanically. This tradeoff against full electronic beam steering has to be
made, to keep the antenna within a reasonable cost frame.  To reduce the cross polarization, the
principle of sequential rotation is used in the arrangement of the subbarays.



Figure!1: Required performance of the antenna (left), required normalized gain pattern (right)

    

Figure!2: Complete antenna construction and partially assembled antenna with
aluminum framework.

III – SINGLE ELEMENT AND SUBARRAY DESIGN

The single patch elements of the antenna are printed on Kapton–film, the groundplane with the
coupling slots and the antenna feed network is printed on a 1.57!mm Arlon substrate. The
distance between the groundplane and the Kapton-film with the printed patch elements is kept
by foam material (Rohacell, er=1.1). After designing the single elements and before designing
the subarrays, an investigation of the influence of the curvature of the cylindrical part of the
antenna in terms of mutual coupling between the elements was done. Therefore two single
patch elements were build, which can be tilted against each other in order to measure the mutual
coupling on the curvature. In figure!3 these single elements are shown, as well as the measured
input refelection and mutual coupling. It can be clearly seen, that the required minimal coupling
can be achieved over the whole up- and downlink band. After the design of the single element,
two 4-element-subarrays next to each other have to be analyzed to control the performance of
the array in the azimuth direction. Therefore a simulation of such a subunit was performed by a
method of moment (MoM) tool to get the input match and horizontal pattern of such a single

Parameter Spezification

Bandwidth 1525!MHz - 1660!MHz
RX-band 1626.5!MHz - 1660.5!MHz
Gain TX ≥ 22 dBi
Gain RX ≥ 22 dBi
Axial Ratio ≤ 6dB
G/T -4.0 dBK
EIRP (data) 33 dBW
EIRP (voice) 14 dBW
EIRP dynamics 0!dB ... -10!dB, ±1!dB,

stepwidth 2!dB
BW voice 5 kHz
BW data 40 kHz


