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APPLICATION OF A HIGH DATA RATE MODEM (HDRM) 

Tim Orndorff, Amit Puri, Mike Smiley & John Connell 
CVG/Avtec Systems, Inc. 

ABSTRACT 

A traditional Receiver, Modulator, Bit Synchronizer, Frame Synchronizer and Front-End 
Processor (FEP) with local RAID storage from numerous satellite ground station equipment 
providers is typically used to satisfy current needs in mission ground stations.  The development 
of Software Defined Radios (SDRs) with reprogrammable personalities has led to the 
consolidation of these processing elements, and will become the standard for years to follow.  

CVG-Avtec Systems, Inc. has been a pioneer in the SDR industry, integrating several ground 
station functions into a one system solution.  Its High Data Rate Modem (HDRM) architecture 
replaces racks of previous generation equipment, providing greater functionality in a smaller 
footprint.  The Field Programmable Gate Array (FPGA) based HDRM is a one system solution 
that inputs Intermediate Frequency (IF) data and outputs packetized data over IP for data 
distribution.  These new architectures are capitalizing on the revolution in electronics and 
networking technologies. 

This paper will discuss the architecture of the HDRM and how it optimizes ground station data 
processing in a high-rate environment. 
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INTRODUCTION 

The financial demands placed on space systems have forced the industry to transform its way of 
thinking.  Traditionally, a new mission would fund the development of the required ground 
infrastructure designed to meet the needs of that mission, cost sharing only large fixed items, 
such as antennas where appropriate.  The continued ability to provide savings among smaller 
parts of the ground infrastructure requires more planning and thought. In addition to financial 
constraints, the satellite communications industry is facing the obsolescence of aging ground 
station equipment.  A highly integrated Software Defined Radio (SDR) is the right solution for 
the ever increasing demands of the satellite user community.  Today’s market demands that 
ground station vendors support multiple missions using the same equipment.  A single SDR is 
capable of providing multi-mission support for numerous high rate missions by using 
reconfigurable setups.  It is clear that procuring multi-function components capable of supporting 
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multiple missions is the obvious answer.  Since it is difficult to accurately anticipate future 
requirements for as yet undefined future missions, a flexible and reprogrammable design is really 
the only logical choice.  The opposing forces of increased performance and decreased budgets 
can only be satisfied by taking full advantage of advances in ground system designs and 
hardware components. 

From a trend analysis standpoint, new missions almost always require higher data rates, more 
complex modulation schemes, and better performance than previous missions.  Advances in 
space hardware continue to drive these performance requirements, and are expected to continue 
in the future.  Fundamental limits such as Shannon’s capacity limit, link closure, and bandwidth 
requirements, all limit what can be accomplished in future systems, and provide useful bounds 
on planning for future undefined missions.  Also of significant importance are the successes 
achieved using Consultative Committee for Space Data Systems (CCSDS) recommendations in 
many of the newly deployed spacecraft. This is expected to further consolidate and standardize 
future missions as CCSDS gains international support.  Equally important for infrastructure 
sharing is the adoption of Space Link Extension (SLE) services, which can standardize how data 
is provided to users. The benefits of SDR, CCSDS, and SLE are compelling. 

CVG-Avtec has developed a High Data Rate Modem, which is a high-rate multi-mission satellite 
data modem with data simulation capability.  It supports both CCSDS and Time-Division 
Multiplexed (TDM) telemetry formats. The HDRM performs data reception, ingest, processing, 
distribution and archiving functions at rates up to 1.5 Gbps. The HDRM inputs IF data and 
outputs packetized data over IP or ATM for data distribution using standard telco interfaces.  It is 
most commonly deployed within a satellite ground station, but is also ideal for applications 
including satellite Integration and Test (I&T) and aircraft data acquisition.  The HDRM can be 
used for the entire lifecycle of the mission – from I&T to real time ground station data 
processing.   

The HDRM uses state-of – art technology Analog to Digital convertors and Field Programmable 
Gate Array (FPGA) devices.  With continuous development in digital technology in both the size 
and the speed of the FPGAs, the HDRM will continue to process even higher data rates with 
more sophisticated Forward Error Correction Codes.  The HDRM has provided a leading edge 
solution to NASA’s newly developed Low Density Parity Check (LDPC) codes, as well as Turbo 
Product Codes, capable of operating at data rates beyond any known mission requirements to 
date.  The performance of these codes is given below, and includes implementation losses 
associated with the transmitter and receiver in a back-to-back configuration. As can be seen, the 
performance characteristics are approaching theoretical limits, and indicate that further 
significant improvements to these codes are unlikely in the future. 
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Figure 1: HDRM LDPC Performance Characteristics 

Because support for multiple missions is a core design principle of the HDRM, the system's 
modem function is implemented as a digital software-defined radio that can be reprogrammed to 
support new missions. Currently, the radio is configurable to accommodate multiple modulation 
schemes, data rates, coding algorithms and data formats. Essentially it allows users to migrate 
easily to newer and future mission requirements.  The HDRM design provides demodulation 
matched filters that can be tuned to correspond to characteristics of individual transmitters, 
improving communication performance. The system's linear wideband front end and high 
dynamic range enable adaptive filtering of the received signal based on symbol rate and Doppler. 
These characteristics also ensure compatibility with complex modulation and coding schemes 
that may be developed for future missions.  Once deployed, the HDRM can load a new 
configuration within a matter of seconds, providing a path to support any number of mission 
requirements. 

Based on CVG-Avtec's software-defined radio algorithms, the HDRM's digital receiver operates 
within 1dB of theoretical receive performance. The receiver's low power performance far 
exceeds that of conventional analog alternatives; it can reliably acquire and track signals below 0 
db Es/No. An industry-leading 10 MHz of Doppler tracking bandwidth contributes to the 
system's multi-mission flexibility, allowing the HDRM to track signals from aircraft in addition 
to transmissions from low-orbit and geostationary satellites. 

The HDRM's integrated high speed front-end processor ingests the high-rate data stream output 
by the system's receiver, performing frame synchronization, derandomization, LDPC and TPC 
Reed-Solomon error correction, CRC decoding, time tagging and network output to clients and 
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Network Attached Storage (NAS) at rates up to 800 Mbps (higher rates will be available in the 
future). The HDRM's front-end processor integrates real-time CCSDS virtual channel processing 
and logging capabilities at data rates to 800 Mbps, using a Virtual Channel Identifier to route 
data to networked processing centers and network storage devices. Data files can be stored 
locally, or forwarded to processing centers post-pass. The system supports bulk encrypted 
downlink, and can be used to receive process and then transport encrypted wideband isochronous 
data over IP or ATM networks. In addition to standard CCSDS service processing, it supports 
decryption and Rice decompression. 

The HDRM is based on a telecommunications-grade CompactPCI server architecture with Core 
2 Duo processors, mirrored system drives, hot-swap fans, and redundant power supplies. It 
provides a Gig-E Ethernet interface for monitor and control, and a Gigabit Ethernet interface for 
high-speed network data transfer. Storage options include direct attached RAID, FibreChannel 
Storage Area Network, or Network Attached Storage. The HDRM can be controlled locally or 
remotely via an intuitive graphical user interface, and a remote control library is provided for 
integration with numerous satellite mission control systems, such as OS/COMET, EPOCH 2000, 
ASSIST, ITOS, MAESTRO, etc. An SNMP agent is also available to facilitate integration with 
management platforms such as HP OpenView.  
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Figure 2 Ground Operations Functional Diagram 

Almost as important are the inferred requirements when examining how a modem might be 
deployed in a large network.  The interactions among the network components indicate that the 
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modem should be designed to be flexible in the approach one can take in designing the entire 
ground infrastructure.  Today’s ground architectures are normally separated into the functional 
equivalents as in Figure 2.  The Space Communication Complexes (SCCs) typically contain the 
equipment and personnel to operate the antennas; receiver/transmitter chains, data storage and 
forwarding, and typically directly interacts with the satellite(s) in question. 

The Space Operations Control Center (SOCC) contains the personnel and equipment necessary 
to monitor the activities of the entire service chain and handle items such as scheduling 
resources, assigning priorities and monitoring the activities within the various Mission 
Operations Centers (MOC) and Space Communication Complexes (SCC).  During unusual 
events, a SOCC backup site is usually provided to ensure the entire communications system 
functions in case of SOCC failure.  In practice, a SOCC can be located at an independent remote 
site, but is typically located at an SCC or MOC site. 

The Mission Operations Centers are associated with a particular satellite or satellite constellation 
providing payload processing services as well as M&C functions associated with data quality 
and distribution. 

We are primarily concerned with issues associated with deploying equipment at the SCCs, since 
the migration to Ethernet/IP and SLE on the backend will simplify remote communications 
requirements.  Currently, SCCs are normally populated with equipment as illustrated in Figure 3. 
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Figure 3 Current Rx/Tx Equipment At A Typical SCC 

In order to simplify both transmit and receiver chains, the software defined radio should be 
designed to incorporate as many of the functions in Figure 3 as is practical.  The obvious 
functional groupings such as demodulator and bit-synchronizer are readily achieved.  As the data 
rates increase, the ability of the receiver and transmitter chain to adapt to higher rates can only be 
achieved by implementing adaptive filtering techniques.  Adaptive filtering is required to 
compensate for group delay distortions, and other channel characteristics, becoming more 
important with higher order modulations such as 8-PSK and above. 
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Figure 4 SDR Based Rx/Tx Equipment Chain at SCC 

Figure 4 depicts the result of providing a successful SDR into the receiver and transmitter chain.   

While combining functions requires the SDR platform to assume many different roles in the 
receiver and transmitter chains, presenting a standard interface to Command and Control 
Software systems such as SNMP are equally important if new missions requirements are to be 
added in the future without requiring the M&C software to be rewritten.   

From the requirements stated earlier, a successful SDR design will possess the following key 
features and benefits: 

Key Feature Benefits 
Ability to support increased data rates Accommodates increasing communication rates of 

future missions 

A direct Ethernet/IP communications capability Allows easily scalable and supportable network 
infrastructure 

Ability to add new forward error correction codes Adapts to new mission requirements 

Ability to add new modulation formats Adapts to new mission and/or spectral 
requirements 

Ability to provide physical measurements such as time, range, 
Doppler, etc. 

Eliminates additional equipment and logistics 
support requirements 

Provide Virtual Channelization and packet processing support Allows early data routing and switching functions 
to occur 

Provide Store and Forward capability Provides for better utilization of remote long haul 
communications resources 

Adapt to new and possibly unknown requirements Provides future proof design features 

Provide SLE services Presents a standard and expandable user service for 
future missions requirements 
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Key Feature Benefits 
Present a standard interface to Command and Control 
Software Systems 

Supports new mission requirements without 
significantly affecting current operations, since the 
M&C software will be designed to handle changes 
to the system. 

Avtec’s new HDRM provides all of these features, and can form a cornerstone product from 
which to build ground infrastructure for current missions, and more importantly, provides the 
necessary flexibility and design features to guarantee compatibility with future mission 
requirements. 
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