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ABSTRACT 
 
Remote sensing satellites are typically low earth orbit, and often transmit the data gathered with 
the remote sensors to ground stations at locations on earth.  These transmissions are band 
limited, and must operate within a 375 MHz bandwidth in the X-Band spectrum.  This can 
present a limitation to the amount of data that can be transmitted during the short duration of a 
pass (typically less than 15 minutes).  It is then highly desirable to increase the bandwidth 
efficiency of a system for data transmission in a remote sensing downlink. 
 
This paper describes a method of achieving higher efficiency by pre-programming the satellite to 
adjust the modulation and coding based in at least part on the slant range to the receiving ground 
station. The system uses variable coding and modulation to adjust to the slant range to the 
ground station to achieve a throughput increase of more than 50% of the data transferred during a 
pass using the currently accepted technology. 
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INTRODUCTION 
 
Technological advances in remote sensing satellites have led to increasing amounts of data that 
must be transferred to the ground.  This is a result of factors such as improvements in imaging 
resolution and capturing data from multiple sensors.  In order to minimize the ground 
infrastructure while capturing data globally, the satellites employ a store-and-dump scheme.  The 
data dump typically occurs at ground stations located near the poles to achieve maximum revisit 
times.  This leads to a typical configuration of two ground station contacts per orbit with less 
than 15 minutes of communication each. 
 
Typically, modulation has been restricted to QPSK or OQPSK which relies on proven hardware 
and requires lower transmit power than higher-order modulation schemes.  Pushing the 
modulated signal to the limits of the allocated 375 MHz in X-band has allowed for 400Mbps of 
data to be transferred.  Using dual-polarization antennas with high polarization isolation, the 
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spacecraft can double its effective downlink rate to 800Mbps.  Some implementations have used 
8PSK but have generally been limited to narrower bandwidths.  The result has been that the 
current generation of remote sensing spacecraft do not downlink at rates higher than 800Mbps. 
 
There are several options for overcoming the bandwidth limitation to deliver more data to the 
ground.  One approach is to install additional ground stations at lower latitudes to allow for more 
downlink time per orbit.  This has the advantage of requiring no new technology and supporting 
existing satellites but involves significant capital investment in facilities.  A second approach is 
to move to a different frequency band that provides greater bandwidth.  The most likely 
candidate is the portion of Ka-band allocated to remote sensing activities.  This band provides 
approximately 1.5GHz of bandwidth but carries with it a new set of challenges.  One of these 
challenges is the increased attenuation at Ka-band from water in the form of rain and water 
vapor.  An additional option is to remain at X-band while moving to higher-order modulations.  
While providing a higher spectral efficiency, these schemes would require more downlink power 
to guarantee acceptable data quality.  Increasing downlink power on the spacecraft comes with a 
significant cost impact. 
 
 

VARIABLE OR ADAPTIVE CODING AND MODULATION 
 
This paper describes a ViaSat patented method of using variable or adaptive coding and 
modulation to maximize the data transferred from the spacecraft to the ground.  Variable Coding 
and Modulation (VCM) refers to a scheme in which the downlinking device varies the 
modulation type and code rate based on its prediction of the link condition.  Adaptive Coding 
and Modulation (ACM) can be used in cases where there is also an uplink channel from the 
receiving ground station to the spacecraft.  The ground station provides a link quality metric to 
the spacecraft via this uplink channel allowing it to make a more informed decision about the 
optimal modulation and coding. 
  
This technology is well proven in the satellite communications industry.  One example is the 
DVB-S2 scheme which is widely used in video transmissions, internet access, and data 
distribution.  This scheme will be considered here as a possible implementation of the concept of 
VCM/ACM for remote sensing satellites.  The building blocks for the required hardware are 
readily available including ViaSat’s popular SkyPHY ASIC.  The SkyPHY chip allows for 
efficient hardware-based processing of DVB-S2 signals in a very cost effective manner. 
 
The DVB-S2 based VCM/ACM system switches between QPSK, 8PSK and 16APSK while 
making use of forward error correction with varying rates from 1/4 to 9/10.  The error correcting 
code is a low density parity check (LDPC) code concatenated with a BCH code.  The goal of the 
system is to maintain quasi-error-free (QEF) data while maximizing the data rate and minimizing 
the downlink power.  Table 1 shows the different possible modes of the scheme and the carrier to 
noise density ratio (C/No) at which QEF data can be achieved. 
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Table 1: DVB-S2 Modes 
  

Modulation Code Rate 

Spectral 
Efficiency 
(bits/sym) 

C/No for 
QEF (dB) 

QPSK   1/4  0.49 -2.35 
QPSK   1/3  0.66 -1.24 
QPSK   2/5  0.79 -0.30 
QPSK   1/2  0.99 1.00 
QPSK   3/5  1.19 2.23 
QPSK   2/3  1.32 3.10 
QPSK   3/4  1.49 4.03 
QPSK   4/5  1.59 4.68 
QPSK   5/6  1.65 5.18 
QPSK   8/9  1.77 6.20 
QPSK   9/10 1.79 6.42 
8PSK   3/5  1.78 5.50 
8PSK   2/3  1.98 6.62 
8PSK   3/4  2.23 7.91 
8PSK   5/6  2.48 9.35 
8PSK   8/9  2.65 10.69 
8PSK   9/10 2.68 10.98 

16APSK   2/3  2.64 10.05 
16APSK   3/4  2.97 11.29 
16APSK   4/5  3.17 12.11 
16APSK   5/6  3.30 12.69 
16APSK   8/9  3.52 13.97 
16APSK   9/10 3.57 14.21 

 
By varying the mode as the signal-to-noise ratio (SNR) changes, the system is able to achieve 
significantly higher spectral efficiency than a fixed mode system. 
 
Typical remote sensing satellites are operated in a low earth polar orbit.  Unlike with 
geostationary satellites, the path loss varies significantly as the spacecraft moves along its orbit.  
Path loss is proportional to the square of the slant range and is therefore much larger at the 
horizon than when the spacecraft is directly overhead.  Without VCM, the link must be designed 
for the worst case SNR conditions at the horizon resulting in a low spectral efficiency throughout 
the pass.  ViaSat’s patented VCM scheme takes advantage of the additional link margin available 
as the slant range to the spacecraft decreases by moving to higher order modulation and higher 
code rates. 
 
While in the past it has been common for a spacecraft to employ an omni-directional antenna for 
downlink, today a gimbal mounted directional antenna is used to increase the power directed at 
the intended ground station.  As a result, the spacecraft must be aware of the station’s location on 
the earth and position its antenna accordingly as it moves along its orbit.  With the spacecraft 
already computing the ground station position, it is a simple extension to also determine the slant 
range.  The coding and modulation can then be varied throughout the pass to maximize data rate.  
This also provides for a legacy mode in which fixed modulation and coding could be maintained 
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throughout the pass to allow for compatibility with existing ground stations which may be 
impractical to upgrade. 
 
The ACM version of the scheme is especially beneficial at Ka-band where rain fade is a more 
dominant factor in link degradation than in X-band.  Link design must consider the worst case 
rain conditions under which operation is to be guaranteed.  With no feed back from ground to 
space, there is no mechanism for operating in more severe conditions.  Additionally, in clear sky 
conditions, there is a significant amount of margin.  By reporting the result of the link metric 
measurement to the spacecraft transmitter, the data rate can be optimized given the current 
atmospheric conditions.  
 
To illustrate the advantages of applying ViaSat’s patented ACM/VCM concept, example link 
analyses will be considered.  It will be assumed that the link must be designed to support a 
minimum margin at 5° elevation with 10 mm/hr of rain. 
 
The QPSK and 8PSK constellations have minimal sensitivity to amplitude accuracy.  On the 
other hand, the 16APSK scheme relies on amplitude as well as phase to distinguish between 
symbols.  Because of this, the spacecraft amplifier can be operated in saturation for QPSK and 
8PSK modes but must be backed-off to the linear region for 16APSK mode.  For this example, 
an output back-off of 2.5 dB will be assumed. 
 
The first case considered is a direct overhead pass which results in maximum contact time.  The 
starting state must be QPSK with a code rate of ¾ based on the downlink power assumed and the 
worst case margin at 5° elevation with 10 mm/hr of rain.  Without the VCM/ACM scheme, the 
link operates in this mode throughout the pass.  Table 2 illustrates this case.  At the peak of the 
pass, there is a margin of 17.9 dB that is not taken advantage of.  With a constant information 
transfer rate of 300 Mbps, the spacecraft is able to transfer 157 Gb of data to the ground station 
during the contact. 
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Table 2: Data Transfer for Direct Overhead Pass without VCM/ACM 
 

El 
Angle 
(deg) 

Path Loss 
Relative to 

Direct 
Overhead 

(dB) 

Rain 
Degradation 

(dB) 

SSPA 
OBO 
(dB) 

C/No 
(dB) 

Modulation 
Type 

Code 
Rate 

Information 
Rate (Mbps) 

Information 
Captured per 
Interval (Mb) 

4 -13.6 -5.0 0 4.6 QPSK 0.75 300.0 4626 
6 -12.7 -4.5 0 6.0 QPSK 0.75 300.0 4626 
7 -12.3 -3.7 0 7.2 QPSK 0.75 300.0 4626 
8 -11.9 -3.3 0 8.0 QPSK 0.75 300.0 4626 

10 -11.2 -3.0 0 9.0 QPSK 0.75 300.0 4626 
12 -10.4 -2.8 0 10.0 QPSK 0.75 300.0 4626 
14 -9.7 -2.5 0 11.0 QPSK 0.75 300.0 4626 
17 -8.8 -2.1 0 12.3 QPSK 0.75 300.0 4626 
20 -7.8 -1.7 0 13.7 QPSK 0.75 300.0 4626 
23 -7.0 -1.4 0 14.8 QPSK 0.75 300.0 4626 
27 -6.0 -1.2 0 16.0 QPSK 0.75 300.0 4626 
32 -4.9 -1.2 0 17.1 QPSK 0.75 300.0 4626 
39 -3.7 -1.1 0 18.4 QPSK 0.75 300.0 4626 
48 -2.4 -1.0 0 19.8 QPSK 0.75 300.0 4626 
59 -1.2 -0.9 0 21.1 QPSK 0.75 300.0 4626 
73 -0.4 -0.8 0 22.0 QPSK 0.75 300.0 4626 
90 0.0 -0.7 0 22.5 QPSK 0.75 300.0 4626 

    
Total Ascending 78642 

Total Descending 78642 
Total For Pass 157284 

 
 
 
If the same scenario is analyzed using the VCM scheme, the benefits are apparent.  As the path 
loss decreases, the C/No increases and allows the system to move to higher code rates and higher 
order modulations.  While the contact begins at the same 300 Mbps as the previous case, it 
eventually peaks to 720 Mbps.  With the increased spectral efficiency, the spacecraft in this case 
is able to downlink 294 Gb of data to the ground station.  This is an 87% improvement by using 
the VCM scheme. 
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Table 3: Data Transfer for Direct Overhead Pass with VCM 
 

El 
Angle 
(deg) 

Path Loss 
Relative to 

Direct 
Overhead 

(dB) 

Rain 
Degradation 

(dB) 

SSPA 
OBO 
(dB) 

C/No 
(dB) 

Modulation 
Type 

Code 
Rate 

Information 
Rate (Mbps) 

Information 
Captured per 
Interval (Mb) 

4 -13.6 -5.0 0 4.6 QPSK 0.75 300.0 4626 
6 -12.7 -4.5 0 6.0 QPSK 0.83 333.3 5140 
7 -12.3 -3.7 0 7.2 QPSK 0.90 360.0 5551 
8 -11.9 -3.3 0 8.0 8PSK 0.67 400.0 6168 

10 -11.2 -3.0 0 9.0 8PSK 0.75 450.0 6939 
12 -10.4 -2.8 0 10.0 8PSK 0.83 500.0 7710 
14 -9.7 -2.5 0 11.0 8PSK 0.89 533.3 8224 
17 -8.8 -2.1 0 12.3 8PSK 0.90 540.0 8327 
20 -7.8 -1.7 0 13.7 8PSK 0.90 540.0 8327 
23 -7.0 -1.4 -2.5 12.3 16APSK 0.75 600.0 9252 
27 -6.0 -1.2 -2.5 13.5 16APSK 0.83 666.7 10280 
32 -4.9 -1.2 -2.5 14.6 16APSK 0.89 711.1 10965 
39 -3.7 -1.1 -2.5 15.9 16APSK 0.90 720.0 11102 
48 -2.4 -1.0 -2.5 17.3 16APSK 0.90 720.0 11102 
59 -1.2 -0.9 -2.5 18.6 16APSK 0.90 720.0 11102 
73 -0.4 -0.8 -2.5 19.5 16APSK 0.90 720.0 11102 
90 0.0 -0.7 -2.5 20.0 16APSK 0.90 720.0 11102 

    
Total Ascending 147021 

Total Descending 147021 
Total For Pass 294042 

 
The maximum benefit is achieved on an overhead pass.  This is due to the fact that it results in 
the longest contact time and the closest position to the ground station.  However, the 
improvements for passes with lower peak elevation are still significant.  Using the same process 
as in the previous example, it can be shown that the VCM technique achieves a 79% 
improvement in data transferred for a 45° pass and a 67% improvement for a 25° pass. 
 
Further improvements can be realized by using the ACM scheme.  Consider an overhead pass in 
clear sky conditions.  With fixed coding and modulation, the data transfer remains 157 Gb as 
previously shown.  With ACM, the ground station will measure increased link metrics from the 
clear sky conditions and is able to inform the spacecraft about the additional margin.  The 
spacecraft can then proceed with a more rapid transition to the higher code rates and higher order 
modulations.  As a result, the improvements are even greater than with VCM.  This is illustrated 
in the table below.  The spacecraft is able to transfer 323 Gb of data which is a 106% 
improvement over the fixed coding and modulation scenario. 
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Table 4: Data Transfer for Clear Sky, Direct Overhead Pass with ACM 
 

El 
Angle 
(deg) 

Path Loss 
Relative to 

Direct 
Overhead 

(dB) 

Rain 
Degradation 

(dB) 

SSPA 
OBO 
(dB) 

C/No 
(dB) 

Modulation 
Type 

Code 
Rate 

Information 
Rate (Mbps) 

Information 
Captured per 
Interval (Mb) 

4 -13.6 0.0 0 9.6 8PSK 0.75 450.0 6939 
6 -12.7 0.0 0 10.5 8PSK 0.83 500.0 7710 
7 -12.3 0.0 0 10.9 8PSK 0.83 500.0 7710 
8 -11.9 0.0 0 11.3 8PSK 0.89 533.3 8224 

10 -11.2 0.0 0 12.0 8PSK 0.90 540.0 8327 
12 -10.4 0.0 0 12.8 8PSK 0.90 540.0 8327 
14 -9.7 0.0 0 13.5 8PSK 0.90 540.0 8327 
17 -8.8 0.0 0 14.4 8PSK 0.90 540.0 8327 
20 -7.8 0.0 -2.5 12.9 16APSK 0.80 640.0 9869 
23 -7.0 0.0 -2.5 13.7 16APSK 0.83 666.7 10280 
27 -6.0 0.0 -2.5 14.7 16APSK 0.89 711.1 10965 
32 -4.9 0.0 -2.5 15.8 16APSK 0.90 720.0 11102 
39 -3.7 0.0 -2.5 17.0 16APSK 0.90 720.0 11102 
48 -2.4 0.0 -2.5 18.3 16APSK 0.90 720.0 11102 
59 -1.2 0.0 -2.5 19.5 16APSK 0.90 720.0 11102 
73 -0.4 0.0 -2.5 20.3 16APSK 0.90 720.0 11102 
90 0.0 0.0 -2.5 20.7 16APSK 0.90 720.0 11102 

    
Total Ascending 161619 

Total Descending 161619 
Total For Pass 323237 

 
 

CONCLUSION 
 
These examples illustrate how ViaSat’s patented VCM/ACM scheme for remote sensing 
downlinks can be used to move the increasing volumes of data from the spacecraft to the ground.  
This is achieved using proven, cost effective technology without requiring an increase in 
spacecraft transmitter power. 
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