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A MOBILE 4.3 METRE REMOTE SENSING GROUND STATION
RAPID DEPLOYMENT & HIGH PERFORMANCE

Dr. Charles Busch, Phil Lancaster & Edward Payne
Scientific-Atlanta, Inc., Norcross, Georgia, USA

ABSTRACT

In light of recent technology advances, reliable Remote Sensing Satellite data reception
(from satellites such as SPOT, ERS, Landsat, Radarsat, JERS, and IRS) is becoming
increasingly more practical using smaller aperture antenna systems. Performance, which up
to a decade ago was reserved for antenna aperture sizes in excess of 9 metres, is now
being realised with antenna systems that are half the size. In addition, there is an increasing
demand for tactical mobile systems that can be moved from one location in the world to
another, and which can be operational in that new location in a very short period of time.

This paper describes a mobile 4.3 metre X-Band program-track Remote Sensing trailer
mounted receive system that Scientific-Atlanta has manufactured to perform evaluation
tests on its data reception capability from the Radarsat, SPOT and ERS satellites, in
particular. A general overview of the system will be given, which will describe: a) the
antenna and program track feed configuration; b) the X/Y pedestal; c) the trailer and
pedestal erection mechanism; d) the receive electronics; e) antenna control unit and f) the
station control computer which is used for updating ephemeris data and for system
management.

A description will be given of how the system is prepared for operation following
transport, via C-130 cargo airplane or road, to a particular location, concentrating on the
ease of set-up and the time required for deployment. It will also describe how the system is
readied for transport following the mission.

Finally, results of a series of trials that were undertaken in Canada will be presented. The
trials concentrated on validating the projected deployment times and verifying the
reception of data from Radarsat, ERS and SPOT at various elevation angles in varying
weather conditions. One of the main features investigated was the performance of the
system at the 67 degree elevation point in the Radarsat orbit, where some people believe
there may be a drop-off in the EIRP. The trials were conducted over a period of 7 months,
covering the fall, winter and spring.



1. INTRODUCTION

The Mobile Remote Sensing Ground Station (MRSGS) described in the paper has been
specifically designed for the reception of downlink data from a wide range of remote
sensing satellites and is configured to receive data from SPOT, RADARSAT and ERS-1/2.
The antenna system can be easily upgraded in the future to add other satellites by the
addition of a simple front panel plug-in 924-2 Bit Synchroniser module.

The system comprises a 4.3 metre high efficiency antenna with a prime focus program
track X-Band feed. The antenna is mounted on an X-Y gimbaled dual drive pedestal which
provides full hemispherical coverage with no keyhole, without the needs of a third axis tilt
mechanism. The system has the capability to satisfactorily track all polar orbiting remote
sensing satellites at any angle above 10 degrees without gimbal lock.

A Station Control Computer (SCC) is used by the operator to schedule all satellite passes,
enter satellite ephemeris data, and to configure the system hardware for the automatic
reception of data from the satellite to be tracked. In addition the SCC is used for pre- and
post-satellite pass testing to ensure correct operation of the system. The SCC generates an
accurate trajectory for the satellite and sends pointing commands, relative to time, to the
Antenna Control Unit (ACU) which in turn drives the appropriate X or Y axis of the
pedestal to the desired position in order to follow the satellite’s path.

The downlink data received from the satellite is downconverted from X-Band to either 720
MHz or 375 MHz, demodulated and Bit Synchronised before being sent to the Recording
Subsystem.

The above configuration of a program track antenna using an X-Y pedestal has been
chosen as the most cost-effective approach for accurately downlinking data from remote
sensing satellites and provides excellent performance with adequate link margins to ensure
reception of high-quality images for all of the satellites mentioned above.

A block diagram of the system is shown in Figure 1.

1.1 Characteristics of the System

The following tables describes the top level performance of the 4.3 metre system, and as
can be seen, the system delivers the performance required for dependable operation for
current and foreseeable satellites. More detailed descriptions of each major subsystem are
found in the following paragraphs.



1) Characteristic of Antenna Subsystem Specification
Configuration 4.3 metre high efficiency prime focus feed
Frequency range 8.025 to 8.400 GHz data
Polarisation Right Hand Circular
Data Channel G/T 29.4 dB/K at 10 degrees El, 25 deg C
Half Power  Beamwidth 0.6 degrees, nominal
Axial Ratio 1.0 dB maximum

2) Characteristics of Pedestal Subsystem Specification
Travel limits:

Electrical:
Mechanical:

Y-Axis                   X-Axis
+/- 90 deg             +/- 90 deg
+/- 95 deg             +/- 95 deg

Maximum Velocity:

Slew:
Track:

5.00 deg/s            5.00 deg/s
5.00 deg/s            5.00 deg/s

Maximum Acceleration:

Slew:
Track:

5.00 deg/s/s       5.00 deg/s/s
5.00 deg/s/s       5.00 deg/s/s

Servo bandwidth:

Rate Loop
Position Loop

2.5 Hz                  Typical
1.0 Hz                  Typical

Program Track Accuracy 0.17 degrees

3) Characteristics of Receive Subsystem Specification
Downconverter Channels 1 Data
Data Demodulation 1 QPSK/UQPSK Demod/BSSC
Receive Subsystem BER over 10-2 to 10 -7

BER range
Within 2.0 dB of theoretical at 10-6 and 2.5
dB at 10-8



4) Environment Specification
Outdoor Equipment:

Operational:
Wind:
Temperature:
Relative humidity:
Rain:

Non-operational:
Wind:

To 75 km/hr
-30

o 
to +55

o
 C

100%, condensing
4 mm/hr

75 km/hr, drive to stow
180 km/hr, survive at stow

Indoor Equipment:
Operational:

Ambient temperature:
Relative humidity:

10
o

 to 28
o

 C
To 85% noncondensing

2. SYSTEM OVERVIEW

The antenna consists of a 4.3 metre diameter parabolic reflector, a prime focus feed system
and a vertex test dipole. The feed receives a RHC polarised signal in the 8025 to 8400
MHz frequency range and converts it to a 375 or 720 MHz IF output signal using a
downconverter at the back of the reflector. The signal is then routed, via low loss cables,
to the control room for data processing and antenna tracking control. Some of the key
features of the system are:

• Rapid erection and teardown
• Full mobility on road, sea and air (complete system is C-130 transportable)
• 4.3m fibreglass reflector mounted on an X/Y pedestal
• High efficiency corrugated horn feed
• Downconverter located at the reflector for superior G/T
• G/T figure of merit > 29.4 dB/K, using high gain and uncooled LNA

The following paragraphs describe each of the Subsystems that constitute the 4.3 metre
mobile System.

2.1 Antenna and Feed configuration

The antenna and feed system was designed to provide for rapid set up and tear down
procedures without sacrificing system performance. The reflector is manufactured of a
graphite epoxy composite material and consists of a main "center" piece which is
permanently attached to the pedestal, and two side panels which are carried in racks on the



trailer deck during transport and which bolt onto the center section to complete the
parabolic shape.

The feed attachment spars are mounted onto the reflector center section in pairs with clevis
joints which allow them to fold into the center of the reflector for transporting as well as
allow rapid and accurate alignment of the feed at system setup. Both the feed and side
panels are assembled prior to erection of the pedestal.

The X-Band, prime focus, program track feed and low noise amplifier (LNA) are
contained in a weather proof enclosure and attached to the spars with bolts. During
transport, the feed is removed from only two spars and is lowered into the center of the
reflector center piece. A cradle is used to hold the feed and spars securely during transport.
At the reflector vertex a through hole permits attachment of a test dipole (used in
preference to a test coupler for higher G/T) antenna and a drain hole allows rain water to
drain from the reflector when pointing to zenith.

A downconverter, located at the rear of the reflector, has a tunable local oscillator (LO)
which converts any signal in the 8,025 to 8,400 MHz RF band to a fixed 375 MHz or 720
MHz intermediate frequency (IF). The downconverter IF frequency bandwidth is 200
MHz. The downconverter can be upgraded for multiple data downlink channels. An alarm
circuit is included to monitor the operational status of the unit.

2.2. X/Y Pedestal

The pedestal consists of a proven X-Y design which allows for complete tracking of all
passes including those at or near zenith, without the need for a third tilt axis. The pedestal
utilizes a curved linear bearing in the X axis which permits the Y axis drive to be "nested"
within the X-axis. This unique arrangement provides high servo dynamics in a smaller
package than conventional X/Y designs. Dual servo motors, precision gearbox reducers
and pulse width modulated servo power amplifiers are used in each axis to provide high
performance servo response with no gearing backlash. The X/Y configuration was chosen
for this application for a number of reasons, including:

• Elimination of gimbal keyholes in the active tracking volume (e.g. zenith).
• High performance, low cost solution maximises MTBF and availability by using a

two instead of three axis pedestal and controls.
• Low pedestal dynamics for overhead tracking improves tracking accuracies,

compared to a three axis system.
• Proven design as pioneered on the IRIDIUM program by Scientific-Atlanta.
• No pre-mission orbit determination to predict potential keyholes associated with

elevation-over-azimuth-over-tilt systems.



• No third axis (train or tilt) pre-mission positioning minimises the set-up time
between missions.

• The use of dual motor drives on each axis ensures zero backlash and improves the
reliability and redundancy.

2.3 Trailer and Erection mechanism

The trailer for the antenna and pedestal serves three functions, namely a) road transport; b)
air transport; and c) as the operating base. It is towable by a vehicle equipped with a pintle
or similar hook, capable of supporting about 2,500 lbs (1100 Kg) tongue load and able to
pull/back up to 11,000 lbs (5000 Kg) weight over a 15§ ramp angle. The running gear is a
dual axle leaf spring and shock absorber suspension, capable of in excess of 100 kph road
travel, as well as lower speeds over unimproved road surfaces. The trailer bed is
constructed very rigidly, since it also serves to support the antenna system during
operation.

Toward the rear of the trailer the erection mechanism is bolted: this being used to raise and
lower the pedestal with the antenna. The actuation of the erection mechanism is based on a
wire cable tension and linear screw device, which can be driven manually with a ratchet
wrench. To speed up movement, a battery driven power tool and a portable gear reducer
are used. These items are usually stored in the integral toolbox. It is not necessary to have
line power connected to effect erection, set-up and tear down.

The fully packaged trailer can be carried by C-130 cargo planes, and can also be carried as
palletised cargo in Boeing 747 cargo planes. Further it can be wheeled into a 20 foot (610
cm) long ISO container and secured. The trailer width permits entry through a 90 inch (230
cm) wide door. All trailer mounted equipment, including the pedestal and antenna, is
secured and locked in place to withstand airborne vibration and accelerations (4.5g down,
2g up; 3g fore/aft, 1.5g lateral).

2.4. Receive Electronics

A downconverter mounted at the antenna converts the X-Band remote sensing signal to
375 MHz or 720 MHz, dependent on application. A Scientific Atlanta model 924-1
demodulator accepts the output of the downconverter and demodulates data in the 6 to 150
Mb/s range. The signal is then routed to a model 924-2 bit synchronizer chassis which can
accommodate up to six bit-synchronizer satellite-specific modules. The plug in Bit
Synchronizer Signal Conditioner (BSSC) modules cover all existing remote sensing
satellites. Data and clock are provided as outputs of the Model 924-2. Figure 6 shows a
schematic of the Series 924 equipment.



Using this equipment the bit error rate performance is within 2dB from theory at bit error
rates down to 10-7. This performance adds up to 2 dB of extra margin to the link budget
compared to other systems.

2.5. Controls

Two primary control devices are used with the MRSGS.

The model 3861 program track servo control unit is used to provide control and status
indications for the dual drive X-Y pedestal. The 3861 is microprocessor based and
provides a wide range of control options for the pedestal. It implements full digital servo
loop closure and compensation to provide servo error signals to the motor drive amplifiers
located at the pedestal. The unit can be locally controlled via front panel or by means of a
computer via RS-232 or IEEE-488 busses.

A personal Pentium computer was used as an overall system control device, and provides
the main interface between the operator and the antenna system. It enables the operator to
program the system to track automatically any valid satellite and schedule all selected
satellite passes. The computer utilizes windows NT to configure the various
instruments/equipment, selects the appropriate mode to provide control of the servo
control unit, as well as calculate orbit parameters and provide scheduling of satellite
passes. 

3. SYSTEM DEPLOYMENT

For deployment, two outriggers are attached to the rear of the trailer to add a safety margin
against overturning in operational wind conditions. The structural support of the trailer is
provided by four jack screws and ground pads, evenly distributed around the centre of the
pedestal. The ground pads are suitable for use on relatively loose soil and sand.

After coarse North alignment and outrigger/ground pad connection, the trailer is leveled by
adjusting the four jacking screws. The deck is then cleared of packaged equipment and
tools, and the two panels mounted to the antenna. They fit accurately using alignment pins,
and latch into place. The pedestal lock-down mechanism is then unpinned and the erection
power drive is attached at the front of the trailer bed. The pedestal/antenna rotation
sequence to vertical takes several minutes, at which time the pedestal is rigidly connected
to the erection housing. The antenna is positioned to horizon, and the feed is then
“unfolded” for operation. After tightening the feed locking mechanism and making the RF
cable connections the system is ready for operation.

The pedestal base is then bolted into position and is ready for operation.

The physical set-up or tear-down is accomplished in less than three hours.
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