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ABSTRACT

This paper investigates the feasibility of using commercial satellite constellations to relay
telemetry data from flight test vehicles as part of a Global Test Range. The use of a
commercial satellite constellation would provide an augmented capability to the test
range, providing near real-time data to the data reduction site and test range control at
reasonable cost. This includes an analysis of current and proposed commercial
communication satellite constellations to determine if any of them would fulfill the needs
of a telemetry test range. Preliminary assessment of the communication link between a
flight vehicle and the satellite constellations is performed.
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PURPOSE

The purpose of this investigation is to determine the feasibility of using commercial
satellite constellations to relay telemetry data from flight test vehicles. Currently, ground
stations are used to collect the telemetry data from the flight test vehicles. Also, there is a
delay transferring the data to a data reduction site. The use of a commercial satellite
constellation would provide an augmented capability to the test range, giving near real-
time data to the reduction site and test range control.
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Figure 1: satellite augmentation for the test range

This investigation made an analysis of current and proposed commercial communication
satellite constellations to determine if any of them would fulfill the needs of a telemetry
test range. The Satellite Tool Kit (STK) program was used to simulate scenarios using
different satellite constellations as telemetry relay during flight vehicle tests. This
program analyzes the communication link between a flight vehicle and the satellite
constellations. This provides the data necessary to determine if communication satellites
can serve as telemetry relay stations for a global test range.

SCENARIO ASSUMPTIONS

There are several assumptions and simplifications made in order to simulate test
scenarios. The flight time of the test vehicle is assumed to be 30 minutes. The test
vehicles flight is modeled as a ballistic shot, from Lompoc (Vandenburg AFB) to
Kwajalein Atoll. For the initial investigation, the quality of the communications link
between the test vehicle and the satellite constellation is not completely analyzed. The
emphasis of the report was on orbital mechanics and flight vehicle trajectory and how
they would impact design and implementation of a communication link. A target bit rate
of 1Mbps was desired, but a lower bit rate may still be useful for status information of the
vehicle to be sent.

SATELLITE CANDIDATES

There are several commercial communication satellite constellations in use or in the
planning stages. Currently, the most likely candidates are Iridium, Teledesic, and ICO
due to the small size of the transmitter. Iridium and Teledesic are low earth orbit satellite
systems and ICO is a medium earth orbit satellite system. All systems provide coverage
of the majority of the Earth’s surface. High earth orbit satellites (e.g. geosynchronous)
were not considered due to the high transmitter power needed to overcome the path loss.



The Iridium system, which became available in 1998, was designed by Motorola and is
owned by Iridium LLC, an international consortium. Iridium is a low earth orbit satellite
constellation at 780 kilometers, consisting of 66 satellites in six orbital planes. The L-
band is used for telephone and messaging communications to the satellites. Data
transmission rates will be 2.4Kbps per channel. To meet the needs of the telemetry range,
417 channels would be needed to get 1Mbps data transfer.

Teledesic operates at an altitude of 1400 kilometers and has 288 satellites in 12 orbital
planes. A user can get up to 2Mbps on the up-link, but the transmitter may require a large
antenna (approximately 10 inches). This system operates in the 28GHz to 29Ghz band.
Teledesic was founded in 1990 and its primary investors are McCaw, Microsoft
Chairman Bill Gates, Motorola, Saudi Prince Alwaleed Bin Talal and Boeing, with
Motorola being the primary satellite designer. Teledesic is scheduled for operation in
2002.

ICO Global Communications (ICO) was established in 1995 to provide satellite
communication services and has over 60 investors. ICO is a medium earth orbit satellite
constellation at 10390 kilometers. ICO consists of 10 satellites in two orbital planes. The
satellites themselves are designed and built by Hughes. Service links will operate in the
2GHz band. ICO will be capable of 2.4Kps data transmission rates and becomes
operational in the year 2000. To meet the needs of the telemetry range, 417 channels
would be needed to get 1Mbps data transfer.

Constellation Operational date Data rate/channel Orbit altitude Spectrum
Iridium Present 2.4Kbps 780km 1.5 - 2.7GHz
Teledesic 2002 2Mbps 1400km 28 - 29GHz
ICO 2000 2.4Kbps 10390km 2GHz

Table 1, constellation information

A complete analysis of the vehicle/satellite communication link involves many
parameters and trade-off issues. However, regardless of actual implementation, the
various designs are all constrained by the orbital dynamics and flight trajectories. Since
these mechanics will be a primary driver for the communication design, out first goal is
to characterize these. Due to the complexity of the large satellite constellations and flight
paths, a powerful simulation tool STK was used.

SIMULATION

STK is used to simulate test scenarios using the different satellite constellations to
determine the feasibility of each constellation for use in a telemetry range. Each scenario
used flight vehicles that launch from Vandenburg AFB to Kwajalein Atoll. Each flight
vehicle has a fixed flight time of 30 minutes and a ballistic trajectory, which reaches a



maximum altitude of 1664 kilometers. STK allows the modeling of each satellite’s
footprint. As such, the program is able to determine when the vehicle is in any satellite’s
‘field of view’. A communication link is considered valid if any satellite in the
constellation has a view of the flight vehicle. Since the relative position of the vehicle and
satellites is dependent on time of launch, the communication links are also affected.
Multiple launches are simulated at staggered times to gain a perspective on the
probabilistic aspects of the communication link. If this communication link is broken
between the flight vehicle and the satellite constellation, then the constellation is not
deemed to be a viable option for telemetry purposes for the entire flight.

IRIDIUM

The scenario with the Iridium system consisted of the six launch vehicles launched at
different intervals, and the Iridium constellation. The access between the missiles and the
satellites are shown in Table 2.

Access start time stop time duration (s)
Missile 1 00:00.0 01:11.9 71.858
Missile 1 28:42.2 30:00.0 77.835
Missile 2 00:00.0 00:34.1 34.121
Missile 3 00:00.0 01:59.4 119.436
Missile 3 29:34.6 30:00.0 25.371
Missile 4 00:00.0 00:45.6 45.57
Missile 5 15:00.0 15:34.1 34.068
Missile 5 44:46.4 45:00.0 13.55
Missile 6 30:00.0 30:03.7 3.69

Table 2: Iridium access

For instance, this table shows that the first missile was able to communicate with Iridium
for only the first 72 seconds of its flight and the last 78 seconds of its flight. The average
duration of communication with the Iridium constellation is only 75 seconds. This means
that the flight vehicle is only able to send its telemetry data for 4% of its flight. This is
attributed to the flight vehicle reaching a higher altitude than the Iridium’s orbital height.
Thus, leaving the ‘cone’ that the satellite can see, as shown in Figure 2. The figure shows
the trajectory of the flight vehicle in red and the ‘cone’ in green that the satellites can see.
Unfortunately, Teledesic, which also operates in low earth orbit, also has this problem. Its
test data is not shown since the results are similar to Iridium’s results.



Figure 2, Iridium scenario

ICO

Since ICO has a higher orbital altitude, it was not expected to suffer such short
communication link times as a low earth orbit constellation. The scenario with the ICO
system consisted of the six launch vehicles launched at different intervals and the ICO
constellation. The access between the missiles and the satellites are shown in Table 3,
which show significantly improved access time compared to Iridium.

Access start time stop time duration (s)
Missile 1 00:00.0 30:00.0 1800
Missile 2 00:00.0 09:23.9 563.895
Missile 2 11:37.8 30:00.0 1102.226
Missile 3 00:00.0 30:00.0 1800
Missile 4 00:00.0 30:00.0 1800
Missile 5 15:00.0 45:00.0 1800
Missile 6 30:00.0 00:00.0 1800

Table 3: ICO access

Table 2 shows that missile 1 is able to maintain a communication channel with the ICO
satellite constellation for the duration of its flight. Missile 2 has a 134 second black out
period (7% of its total flight) where it is unable to communicate with a satellite. The
flight vehicles will be able to complete their flight 83% of the time with no black out
periods. This suggests that launches may have to coincide with a satellite passing over the
flight vehicle at the peak of its trajectory. Currently, ICO is helping to determine the
feasibility of using their satellite system for this particular application.

ICO gives the highest percentage of access time and would serve as the best candidate for
the implementation of a global test range. With ICO being the most likely candidate for



use in the telemetry range, we have focused our simulation and information efforts on the
scenario using the ICO system. This leads to looking for actual implantation issues for
this system. Satellite hand-off when the flight vehicle leaves one satellite’s ‘cone’ and
enters the next satellite’s ‘cone’ is handled by the ICO system. Also, ICO has been
contacted to ensure that the system can correctly hand-off given the velocity of the flight
vehicles, and to find out what Doppler offset the ICO system can handle. The simulation
uses a 2GHz communication signal and gives a Doppler offset of +/- 0.025%. The
frequency offset changes during the course of the test vehicle’s flight and can be viewed
in Figure 3. The maximum doppler rate of change is 80Hz/s.

Figure 3

COMBINATION SYSTEM

Another possibility for use as part of the augmentation of the test range is to use a low
earth satellite constellation for launch and impact data (during the initial and terminal
flight stages) and use the current ground based receiver on Hawaii for the middle of the
test vehicle’s flight. A scenario using Iridium was simulated to determine the feasibility
of this option. The access between the missiles, the ground station on Hawaii, and the
satellites are shown in table 4.

The average black out period for this scenario was 346 seconds. This means that the
flight vehicle is able to transmit its data 81% of its flight. This may or may not be a viable
option given that 19% of each test vehicle’s flight is unmonitored, unless the vehicle has
the ability to ‘buffer up’ the data during blackouts.
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Access start time stop time duration (s)
Missile 1 00:00.0 01:11.9 71.858
Missile 1 03:27.6 26:30.9 1383.3
Missile 1 28:42.2 30:00.0 77.835
Missile 2 00:00.0 00:34.1 34.121
Missile 2 03:27.6 26:30.9 1383.3
Missile 3 00:00.0 01:59.4 119.436
Missile 3 03:27.6 26:30.9 1383.3
Missile 3 29:34.6 30:00.0 25.371
Missile 4 00:00.0 00:45.6 45.57
Missile 4 03:27.6 26:30.9 1383.3
Missile 5 15:00.0 15:34.1 34.068
Missile 5 18:27.6 41:30.9 1383.3
Missile 5 44:46.4 45:00.0 13.55
Missile 6 30:00.0 30:03.7 3.69
Missile 6 33:27.6 56:30.9 1383.3

Table 4, combination access

TECHNICAL ISSUES

There are several issues that must be addressed before a satellite constellation can be used
to augment a global test range. There is a concern with the large number of parallel
channels needed to achieve a 1Mbps rate for the ICO system. This could be both a
technical issue as well as contractual. The satellite constellations are designed for the
satellites to hand off to each other when the user leaves one satellite’s footprint and enters
the next satellite’s footprint. These hand offs are designed for relatively slow moving
transmitters and may not be capable of handing off due to the speed of the flight vehicle.
If a communication link between the flight vehicle and satellite were broken, then a quick
re-connection would have to be guaranteed once the flight vehicle is in view of a satellite
again.

To solve most of these issues, a more detailed simulation and analysis would have to be
made. The satellite system engineers themselves should be able to answer the questions
about what doppler shift their systems are capable of handling and if their systems can
hand off given the speed of the flight vehicle. To do a more detailed simulation, accurate
satellite system parameters are needed to perform a better STK analysis is needed. ICO
has supplied information that will help to determine if their system will meet the
necessary requirements. An airborne unit being developed by Honeywell for ICO should
account for the doppler induced by the flight vehicle’s speed. The ICO system is
expected to have an EIRP of 55.4 - 58.1dBW. Other useful information can be seen in
Table 5.



Existing signal format Data
Net bit rate 2.4 Kbps
BER 10-5

Eb/No 4.5dB
Implementation margin 0.5dB
C/No 50.6dBHz

Table 5, ICO information

There are some options or combination of options that could be used to implement the
use of satellites in a global test range. In the absence of obtaining the large number of
parallel channels needed for 1Mbps, a few channels could be used to monitor low bit rate,
essential status data on the flight vehicle. Since the trajectory of the flight vehicle is over
the sparsely populated Pacific Ocean, the competition for the required number of the
satellite’s channels is greatly reduced. The use of coding techniques could be used to
improve the communication links, but this hasn’t been included in the present work. Data
compression techniques could be used, resulting in a lower required channel bit rate.
Channel coding can be used to reduce the bit error rate of the transmitted signal. Hence,
reducing the required transmit power. Note that such an implementation may represent a
fundamental change in how telemetry is approached. Instead of dedicated ground
stations, commercial communication networks are used on demand to meet the testing
needs. Also, as this implementation of the global test range is more of a
telecommunication environment rather than a classic ‘dedicated link’ telemetry system, a
variety a trade-offs should be assessed.

CONCLUSION

The use of a commercial satellite constellation to augment the current ground station
capabilities would provide an inexpensive improvement to the global test range. The
satellite constellation would be operated and maintained by the commercial
communication company. For this investigation, there are two major factors that
determine if a commercial satellite system would be capable of serving in a global
telemetry range. The major consideration is the ability of the test flight vehicle to
maintain a communication link with the satellite constellation. A high earth orbit satellite
system would meet these criteria, but would require considerable transmitter power and a
large antenna on the flight vehicle. Therefore, a medium earth orbit satellite system
would be a better choice. The second criteria is for there to be a 1Mbps data transfer rate.
Teledesic has a high data transfer rate of 2Mbps but also has considerable black out
periods with the test vehicle, since it is a low earth orbit satellite. The ICO system has a
low percentage of black out times, but has a relatively low data transfer rate of 2.4Kbps.
Using multiple channels, the ICO system would provide a good alternative to the
expensive ground stations. Currently, the use of commercial satellite constellations in a
global test range appears feasible, but there may be some implementation details that
must be worked out (doppler offset, specific hardware parameters, etc.).


