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A DISTRIBUTED NETWORK ARCHITECTURE FOR
PC-BASED TELEMETRY SYSTEMS

Kim L. Windingland
Lockheed Martin Telemetry & Instrumentation

ABSTRACT

The ever-increasing power of PC hardware combined with the new operating systems
available make the PC an excellent platform for a telemetry system. For applications that
require multiple users or more processing power than a single PC, a network of PCs can be
used to distribute data acquisition and processing tasks. The focus of this paper is on a
distributed network approach to solving telemetry test applications. This approach
maximizes the flexibility and expandability of the system while keeping the initial capital
equipment expenditure low.
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INTRODUCTION

Since the introduction of the first PC Windows-based telemetry data acquisition system1,
we saw the maturation of Windows-based solutions unfold and an increasing general
understanding that a large percentage of applications can be served using these low-cost
solutions.

A quantum leap in capabilities was accomplished by taking advantage of the advances in
switching technology that boost LAN performance2.

This paper presents an approach that was implemented for the development of the Visual
Test System (VTS). The VTS is a multi-stream telemetry data acquisition system using
standard Windows-based PCs to provide decommutation tasks and act as a LAN server for
distributing selected data to a number of client PCs. The client PCs provide remote
display, archiving, and data analysis capabilities. The system makes exclusive use of
industry-standard hardware, software, and network interfaces to provide a cost-effective
telemetry solution.



APPROACH

As shown in Figures 1 and 2, the VTS is designed for telemetry data acquisition, avionics
data acquisition, complex multi-channel signal analysis, data reduction, and simulation. It
is, in fact, a complete ground station. The approach in the system design is to draw on a
family of services and peripherals that are configured for the specific task at hand and to
provide a Software Development Kit (SDK) that provides the ability to implement
solutions for unique applications. This true open architecture system enables users to add
and configure other hardware and software modules from a variety of vendors to suit their
application requirements. It is based on the concept of a Distributed Network Architecture
(DNA), which takes advantage of the following significant emerging technologies:

• Open Systems — Exclusive use of industry-standard hardware, software, and
network interfaces provides immediate cost-effective solutions with ease of future
expansion as technologies advance.

• Network Switching — Taking advantage of switched Ethernet, 100 Mbps
Ethernet, and/or ATM provides the performance fabric(s) to allow simultaneous
intercommunication between functional elements using well supported network
standards.

• Network Operation Systems — Designed from the ground up to support Windows
3.1 and Windows NT, the system is compatible with a wide assortment of
Windows applications and is accessible to an extensive array of network servers.

Figure 1. System Using Various Components
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Figure 2. Example of an Existing System Using Two Servers and Ten Clients

COMPONENTS

Connected to the network are all the necessary components for high-speed data acquisition
of multiple streams. When assembled, these components solve all problems of data
acquisition. The system can archive, display, process, plot, and play back data in real time.
Individual components are discussed in the following paragraphs:

• Front Ends acquire multiple streams of data (PCM telemetry, analog, digital, voice,
video, MIL-STD-1553, etc.) with IRIG time-stamping capability.

• File Servers archive data to storage media and provide an interface for playback.

• Compute Servers provide intense data processing.

• Satellite uplink/downlink capabilities provide command control and verification.

• Displays can be updated with real-time, archived, and processed data.

• Hard Copy peripherals produce time-correlated data for strip chart recorders,
plotters, and printers.

• Third-Party Vendor networking products complete the system with general-
purpose peripherals (fax/modem servers, e-mail servers, database servers, Internet
connectivity, etc.).
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The use of off-the-shelf components allows a given user to scale and expand the system
depending on current requirements. New requirements can be added in the future simply
by adding components to the existing system. Various components can be mixed and
matched to complete the system and meet specific requirements. The system can start out
as a simple chassis with a single-stream capability and later be expanded to a system that
supports multiple streams with multiple users.

The Front Ends draw on a library of existing modules for high-performance data
acquisition. During data acquisition, the front ends broadcast acquired data over the
network for all the other sections. Decommutators, demodulators, RF receivers, bit
synchronizers, video, A/D converters, and IRIG time readers are used to acquire and lock
onto any telemetry stream. Many third-party analog and digital modules accomplish
complex multi-channel signal analysis. Data acquisition modules exist for MIL-STD-1553,
ARINC 429/629, and STANAG 3838/3910 avionics buses. Other input types can be used
alone or combined in the system. In all cases, multiples of each input type can be used.

File Servers archive and play back data. Any industry-standard storage device is
acceptable including digital tape, analog tape, hard disk, and removable media. Larger,
faster storage devices that become available as technology advances can easily be added to
the system to improve throughput.

Compute Servers perform necessary real-time data processing. Processing capabilities
include pre-programmed algorithms, engineering math equations, creation of derived
parameters, engineering unit conversion, scaling, lookup tables, and bit extraction. Users
can also link parameters to run multiple algorithms on the same source. In addition,
algorithms can cascade so that the result of one algorithm drives the input of a subsequent
algorithm. In addition, digital signal processors are available for larger tasks. This
component covers all necessary real-time processing of data. The data source can be from
the front end, file server (archived), or other compute servers.

Strip chart recorders, color plotters, and laser printers produce hard copies for further
analysis. In today's market, several vendors provide solutions. The system easily interfaces
to these devices using industry standards for networked communication. As cheaper, faster
peripherals become available, they too can easily be integrated into the system.

Third-party networking products may be used to further enhance the overall data
acquisition system. These would include, but are not limited to, fax/modem servers, e-mail
servers, database servers, Internet connectivity devices, and many others. The system’s
advanced networking capabilities allow multiple sites to simultaneously monitor data (e.g.,
a system could be developed that monitors data in Orlando and Los Angeles at the same
time).



All system components are accessible through the main system page which shows system
status at a glance. This “Heartbeat” page is shown in Figure 3.

Figure 3. The Heartbeat Page

DATA FLOW

Users can begin acquiring data once all system components have been assembled. The
following steps describe how the data acquisition processes flow.

1. During data acquisition, the front end acquires raw data and places it into data
buffers. These buffers are then converted into data packets. The system then
broadcasts these packets over the network. Data is now available for any other
component on the system. The front end also defines the input stream with an
appropriate setup and control interface.

2. Other components then "listen" to the network. Upon receiving a data packet, the
component will process it accordingly.

3. File servers archive data to the target storage device and may also put archived data
on the network.

4. Displays update CRTs with real-time, processed, and archived data.

5. Strip chart recorders drive hard copies.



6. Compute servers process data and derive new data which is then put onto the
network for other devices to process accordingly.

SOFTWARE DEVELOPMENT KIT

To accommodate unique applications, the Software Development Kit (SDK) provides all
the interfaces users need to write codes for their requirements. The SDK is the same
interface that was used to develop the VTS software. The SDK is broken up into three
parts:

• Database Management provides the ability to read and modify the database.

• Data Server provides the ability to read real-time data and to insert data into the
VTS for distribution to displays, archiver, network, etc.

• Remote Command allows remote commanding of the VTS via RS-232, GPIB,
network, etc.

EASILY EXPANDABLE SYSTEM

A key advantage of the VTS is that the system matures as technology advances. The
system already has a built-in path for upgradability to tomorrow’s faster hard disks, color
plotters, and high-speed processors. To illustrate the evolution of a system, consider the
following scenario:

A user has a single-stream system for displaying data only. This system consists of a PC,
the front end (PC bit sync, decom, etc.), and a monitor. Later, if that user needs to archive
data, he/she can simply add a PC hard disk. If the user needs to add 1553 data, he/she can
simply add a module to the front end or add a new front end. If more display or processing
capabilities are required, additional displays and compute servers can be added to the
network. Eventually, the system evolves into a multi-stream system. The system archives
all data and displays data at separate locations. In time, the system would expand to
include several PCs with the necessary front ends all connected over a switched network.
On the network would be several file servers that handle archiving, several terminals that
display data, compute servers for performing intense real-time processing, and strip chart
recorders for producing strip charts. During operation, data is acquired in parallel and
distributed over the network in real time for all devices.

SUMMARY

The VTS represents the next generation in PC-based data acquisition systems. Its
Distributed Network Architecture takes advantage of emerging technologies. As an open
system, the VTS is an immediate cost-effective telemetry solution with a built-in plan for
future expansion as hardware, software, and network interface technology advances. The



use of switched networks allows simultaneous communication between functional
elements using well supported network standards. In addition, the system is designed to
support Windows 3.1 and Windows NT, giving users compatibility with a wide assortment
of Windows applications.
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