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Abstract

This report describes function and performance of mobile-type carth station system and subsystems, designed for using higher carrier fre-

quencies, and station construction for mobile use.

Introduction

The mobile-type earth station is designed to be as compact and
lightweight as possible so that it can travel everywhere in the mainland
of country, and can easily access the satellite. The appearance of the
mobile-type earth station is shown in Photo 1.

The station can transmit one TV channel and two order-wire
channels in the 14 GHz band, as well as receive two TV channels and
three order-wire channels in the 12 GHz band. Table 1 lists the overall
performance [ 1]} of the mobile-type earth station.

System Configuration

A block diagram of the mobile-type earth station is shown in Fig.
1. The TV video signal with associated audio signal in the transmit
system is frequency-modulated at 140 MHz. The 140 MHz signal
is up-converted into a 14 GHz band signal, which is amplified by a
2 kW klystron tube high power amplifier to be fed to an 2.5 m¢
antenna. The order-wire signals are frequency-modulated at 140 MHz.
The outputs of two order-wire modulators are combined and up-
converted into 14 GHz band signal which is amplified by a 100 W
TWT amplifier and combined with the TV signal at a 10 dB coupler.
The order-wire modulator for CH 1, 3 and 4 can be switched to one
of the preassigned channels.

In the receiving system, the 12 GHz signal from the antenna is
down converted to a 1.25 GHz IF signal by a low noise frequency
converter [2] [3] [4]. After being branched, two TV signals are
down-converted to the 140 MHz IF signals. Each TV down converter
can be switched to one of the preassigned channels. The 140 MHz
IF signals are demodulated into TV video and associated audio signals.

The 1.25 GHz IF signal is also applied to a order-wire down con-
verter and translated into the 140 MHz IF signal. Three 140 MHz/
10.7 MHz down converters are provided for CH 1, CH 2 and CH 3
and 4 order-wire signals. The down converter for CH 3 and 4 can be
switched. The 10.7 MHz signals are demodulated into order-wire
baseband.

An equipment layout of the mobile-type earth station is shown in
Fig. 2. The antenna and receiving low noise frequency converter are
mounted at the rear of the vehicle. All other equipments are accommo-
dated in the van. The following consideration is given to this mobile-
type earth station.

(1) The required e.i.r.p and receive noise temperature can be obtained
with the 2.5 m¢ antenna.

(2) Since RF frequencies in use are high and the antenna beam width
is very narrow, the vehicle strength and stability are increased so
as to minimize the pointing error.
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(3) The antenna is designed to reduce radiation side lobe level.

(4) Each equipment is designed to be compact, lightweight and
shockproof, and for low-power consumption.

(5) The station can be operated by a few persons in a short time.

An overall system carrier-to-themalnoise ratio (C/N) of 21.5 dB
is obtained for the Japanese mainland by this mobile station. To
obtain the e.ir.p. (effective isotropically radiated power) of 79 dBW,
with as small an antenna as 2.5 m¢, a newly-developed 2 kW klystron
tube high-power amplifier is used. This earth station e.i.r.p. overcomes
the 3 dB rain attenuation and keeps total receiving signal-to-noise
ratio of 45 dB for receive-only earth station having 4.5 m¢ antenna
at any place in Japan.

Newly Developed Subsystem

1) Antenna

The antenna is a cassegrain type, which can be mounted on a
vehicle. The antenna is designed giving particular consideration to the
low level side lobe characteristic.

A cassegrain antenna with a shaped refrector is adopted and also
a shield with a microwave absorber is used around the periphery of the
main reflector to meet the standard pattern (32 - 25logf) recommend-
ed by CCIR. The measured sidelobe pattern and antenna noise temper-
ture are shown in Fig. 3 and Fig. 4, respectively.

BSE (Medium-scale Broadcasting Satellite for Experimental
Purpose) uses linear polarization, where transmit and receive signal
polarization are parallel to each other. The orthomode transducer
and polarizer using a O/n phase shifter [5] are developed instead of
conventional diplexing filter.

When the vehicle is driven from point to point, the antenna is
kept vertical on the vehicle. Such main reflector portions that extend
over the width of the vehicle are divided into 2 or 3 pieces so they
can be stowed separately.

2) _Low Noise Converter

The 12 GHz low-noise down converter of a 4.5 dB noise figure is
used on the front end of the receiver because of the small-diameter
antenna. To achieve such a low-noise figure, a recently-developed
planar circuit mixer, mounted in a waveguide, is employed. A low
noise GaAs FET (2SK-85), manufactured by NEC, is used for the
1.25 GHz pre-amplifier, obtaining an excellent overall noise figure
shown in Fig. 5.



3) High Power Amplifier

The 2 kW kylstron tube which has been developed through joint
research with NHK’s Technical Research Laboratory and NEC Electron
Device Division, has a tuning range of 14 ~ 14.5 GHz. The preset
mechanism is provided which can be turned to any one of three
assigned channels in the band.

Conclusions

After being supplied to NHK in March 1977, this system has been
used for many experiments.

A system G/T of 20.8 dB/°K and eir.p of 79.5 dBW with a
2.5 m¢ antenna was achieved, yielding a video signal-to-noise ratio
of more than sufficient quality for Japanese mainland.
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Table 1.  Overall Performance

Frequency range: TX: 14.25~ 1443 GHz
RX: 11.95~12.13 GHz
EIRP: TV: 79.5 dBW
OW: 54.5dBW
G/T: 20.8 dB/°K
Receive noise temperature: less than 600°K
Antenna characteristics
Gain (TX/RX): 50.0/48.6 dB
Noise temperature (Elevation 40°): 30K
Side lobe characteristics: Fig. 3
Movable range AZ:  —45° ~ +45°
EL:  —5°~+50°
C/N: 21.5 dB
Video S/N: 52.6 dB

Power Consumption: 15KVA

Vehicle specification
Dimensions: 8.95m (L) x 2.46 m (W) x 3.4 m (H)
Weight: 13,960 Kg
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Fig.5 Noise figure characteristic of LNC.

Fig. 2 Equipment Layout of Mobile-Type Earth Station
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