
Processing Real-Time Telemetry
with Multiple Embedded Processors

Item Type text; Proceedings

Authors BenDor, Jonathan; Baker, J. D.

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © International Foundation for Telemetering

Download date 24/05/2023 20:26:54

Link to Item http://hdl.handle.net/10150/611671

http://hdl.handle.net/10150/611671


PROCESSINGREAL-TIME TELEMETRY WITH
MULTIPLE EMBEDDED PROCESSORS

Jonathan BenDor J. D. Baker
President Project Engineer
Dovetail Systems Corporation SEMCO
5665 Oberlin Drive 5950 La Place Court, Suite 200
San Diego, CA 92121 Carlsbad, CA 92008
(619) 587-4838 (619) 438-8280

ABSTRACT

This paper describes a system in which multiple embedded processors are used for
real-time processing of telemetry streams from satellites and radars. Embedded EPC-5
modules are plugged into VME slots in a Loral System 550. Telemetry streams are
acquired and decommutated by the System 550, and selected parameters are
packetized and appended to a mailbox which resides in VME memory. A Windows-
based program continuously fetches packets from the mailbox, processes the data,
writes to log files, displays processing results on screen, and sends messages via a
modem connected to a serial port.
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INTRODUCTION

The multiple embedded processor system described here and shown in Figure 1 was
designed and integrated by Systems Engineering & Management Company (SEMCO)
to support the Mobile Ground Telemetry Station (MGTS) program at the Space
Experiments Directorate of Phillips Laboratories at Edwards AFB. The MGTS
program exists to examine the feasibility of satellite tracking and real time handling of
high speed tactical data in a battlefield environment. The MGTS currently supports
the Ballistic Missile Defense Organization (BMDO) in both the Miniature Sensor
Technology Integration (MSTI) and the Lightweight Exo-Atmospheric Projectile
(LEAP) programs.



Figure 1. System Overview

The MGTS was designed to receive, process, and display Pulse Code Modulation
(PCM) telemetry streams, such as that generated by the MSTI satellite. The MSTI
satellite's payload includes infrared cameras for launch detection and environmental
studies. While observing a launch, observation data is embedded in a telemetry stream
that is sent from a satellite to the MGTS. The information is routed into a Loral Test
And Instrumentation (LTIS) System 550 where the PCM frames are decommutated,
and the received data is processed. The primary computer in the system is a Tempest-
qualified Sun workstation connected to the System 550 via ethernet. In response to a
requirement to process data at a higher rate than that possible using ethernet, alternate
approaches were studied. The solution selected uses the EPC-5 processor connected to
the VMEbus. This solution allows data transfer at the desired rate, software
development on a standard desktop PC/AT-compatible computer, and transmission of
the processed data without the expense of additional input/output hardware.



THEORY OF OPERATION

As data is received and decommutated in the Loral 550, a unique tag number is
assigned to each parameter. The relevant payload observation data is extracted and
routed via the MUXBUS as tag/data pairs to Field-Programmable-Processor (FPP)
modules. Custom algorithms running in the FPPs collect and packetize the data using
an FPP's local memory and append notification messages to a memory-based mailbox.

Since FPPs are configured as slave devices on the VME bus, their local memory can
be accessed by other VME devices. In this case, the mailbox is accessed by a program
running in an EPC-5 module. The EPC-5 is a fully operational PC/AT-486 computer
plugged into the VME backplane of the System 550.

The EPC-5 module is configured with a device driver that allows DOS-based
programs to access the VME address space. This capability is also provided for
Windows-based programs via a dynamic-link-library (DLL). The EPC-5 powers up
running MS-DOS and then switches to the MS-Windows environment.

The WINTSVD program, which was developed specifically for this project, is
executed as any standard desktop Windows program. The program's main window is
shown in Figure 2 and serves as a control panel. Since Windows is a non-preemptive
scheduler, WINTSVD uses a 3-Hz timer to periodically fetch packets across the
VMEbus and perform the necessary processing and housekeeping functions. Users'
actions are generally handled without delay.

Figure 2. Control Panel Extended For Viewing Images



The program can read packets from an FPP's mailbox, records from log files, data
from test files, and images from bitmap files. The program recognizes three types of
information: Radar Observations, MSTI 2 Observations, and MSTI 2 Images.

The program's primary purpose is to process observations from satellites and radars
using the Target State Vector Determination (TSVD) algorithms that were developed
separately by Integrated Systems Inc. (ISI). These algorithms are specialized Kalman
filters that predict the position and velocity of a moving target.

There are three types of TSVD algorithms: Radar Observer for radar observation,
Single Observer for satellite observations, and Dual Observer for situations where a
target is viewed stereoscopically. In all cases, whenever a TSVD algorithm generates
a prediction, the program displays the results, updates a log file, and sends a structured
message to a remote location via a modem.

The program's secondary purpose is to acquire, save, and display infrared images. The
program constructs an image from a sequence of 256 packets. Each image packet is a
block of 256 bytes of raw data representing one row of 256 pixels. When an image is
completed, it is usually just rendered in the control panel. However, upon users'
command, images can be frozen on screen and saved as bitmap files. When images are
frozen, a user can request to review saved images.

When the LIVE option is selected, packets are continuously fetched from an FPP's
mailbox. When the TEST option is selected, simulated observations are read from test
files prepared by ISI. When the PLAY option is selected, records are read from a
playback file created by renaming an earlier log file. In all these cases the appropriate
TSVD filters are exercised in the same manner. This feature, and the Single-Stepping
option, facilitate iterative development, debugging and verification.

FPP SOFTWARE

Values extracted from a live PCM stream are dispatched via the MUXBUS and
packetized in an FPP module. When the System 550 loads a database that defines the
structure of the PCM stream, the FPPs are loaded with a program consisting of an
executive (kernel) and procedures (algorithms). Each algorithm has one entry point for
initialization, and up to eight entry points each of which can be assigned to a
designated tag. By assigning tags to items on the MUXBUS, an operator can direct the
flow of data into and out of modules connected to the MUXBUS. Thus, data
embedded in a telemetry stream can be routed to the desired entry points of a
particular algorithm running in a particular FPP module.



The System 550 provides a standard library of FPP algorithms for numerical and
logical functions. In addition, there are also tools for developing customized
algorithms and creating user libraries. The database programming that is required to
configure a system to allow an algorithm to process a set of tags in a specific way is
relatively easy, and can be done by any well-trained operator. In contrast, developing
and debugging new FPP algorithms is a non-trivial endeavor due to the dynamics of
the dataflow environment and the lack of tools for interactive tracing of algorithms.
However, since algorithms can be coded in 'C', they can be debugged with UNIX or
PC tools.

This project required data to be transferred to an EPC-5 module via the VMEbus. A
custom FPP algorithm was developed for this purpose. The algorithm uses a
preallocated memory space as an array of uniform blocks whose size can be
configured by an operator. Each block can hold one packet. One of the algorithm's
entry points receives data items and places them in the next available spot in the
current block. When the current block is filled, a notification message is appended to a
memory-based mailbox, a status item is placed on the MUXBUS, and the next
available block is selected for filling. If there are no more available blocks, an
overflow is asserted, and an appropriate status item is placed on the MUXBUS.

The mailbox is a first-in-first-out (FIFO) queue of pointers. The FPP's kernel provides
a routine to append a pointer to this queue. The queue's status and contents are in a
structure whose offset in FPP memory can be determined from the link-map generated
for the FPP's program. Adding this offset with an FPP's address in VME space yields
the VME address of a mailbox's data structure.

The structure of packets produced in FPPs consists of a header and a body. The header
contains information describing a packet's type, and the body holds the packetized
data. This structure allows several packetizers to run in a single FPP, and each
packetizer can be configured to produce its own type of packet. For instance, packets
of MSTI 2 Observations and packets of Radar Observations can be produced in one
FPP and retrieved by WINTSVD from a single mailbox.

RETRIEVING PACKETS

When the WINTSVD program's LIVE option is selected, the program reads packets
pending in an FPP's memory. This is accomplished by calling procedures in a DLL to
fetch data from designated locations in the VME address space.

The DLL that performs the requested services was created by linking the object
modules which accompany the EPC-5 module. These object modules provide an



Application Programming Interface (API) supporting functions for configuring the
EPC-5 for VME access and for reading from and writing to VME locations. In theory,
a program could use the API directly, without a DLL encapsulation. However,
because the object files were in Microsoft format whereas the program was developed
with Borland's Interactive Development Environment (IDE), the DLL was required.
The DLL was created using Microsoft's Visual-C workbench.

Selecting the FPP pushbutton causes the program to expose the FPP-Settings dialog
box shown in Figure 3. The user enters the tag number assigned to a packet's type and
the VME address of the mailbox from which a packet should be fetched.

Figure 3. FPP Settings Panel

After retrieving a packet from the mailbox, the program removes the packet's pointer
from the mailbox and changes the packet's status accordingly. These operations
necessitate writing to an FPP's memory. This means that the mailbox is a resource that
is shared by multiple processors, and its integrity requires mutual exclusion and
synchronizing of producers and consumers of packets.

In principle, several instances of WINTSVD can run concurrently, and it is possible to
have several EPC-5 modules in one System 550. However, at present there is only one
EPC-5 board and only one active instance of WINTSVD. The program reads from a
single mailbox and discards unwanted or unrecognized packets.



One feature of the FPP kernel that was not used in this project is the FPP's ability to
generate a VME interrupt whenever a pointer is appended to the mailbox. The
overhead involved in servicing frequent interrupts for small packets was determined to
be undesirable and unnecessary. The program gets a TIMER event at intervals of
about 333 milliseconds, and fetches a predefined quota of packets.

Performance constraints limit the number of instances that can run concurrently in
LIVE mode in one EPC-5 module. Exact performance measures have not been
established for images, but the I486/66 processor allows the Dual-Observer filter to
produce approximately 14 predictions per second; therefore, the required throughput
of 10 predictions per second imposes a 71% load.

At present, the mailbox's primary data structure does not support multiple concurrent
consumers fetching packets from the same FPP. Moreover, even if mutual exclusion
were supported, it is clear that the mailbox's FIFO policy restricts the order in which
separate consumers can fetch their packets from the queue. Although these limitations
are currently irrelevant to the WINTSVD program, they deserve some consideration
as future enhancement.

SOFTWARE IMPLEMENTATION

This project consisted of seven software components: an FPP packetizing algorithm, a
VME interface, a mailbox interface, a set of TSVD filters, a file-system interface, a
serial-communications interface, and a graphical user interface (GUI). The FPP
algorithm and the VME-interface DLL were created as standalone entities. The
remaining components were integrated into the WINTSVD program.

The WINTSVD program was developed using the Borland C++ 3.1 environment for
coding and debugging, and the Borland Custom Control Library for the 3D style of the
user interface. The object-oriented features of C++ were used extensively. For
instance, classes were designed to represent a mailbox interface, a modem, a file, a
TSVD filter, and a control panel. Some of these classes were derived from, or used,
more primitive classes.

CONCLUSION

This project has demonstrated a viable means for extending the capabilities of the
System 550, providing increased computing power and communications ability
without sacrificing performance. As additional requirements become known and/or
hardware is added to the system, the use of C++ and Windows for implementation
makes the software inherently extensible.



NOMENCLATURE

BMDO Ballistic Missile Defense Organization
DLL Dynamic-Link-Library
FIFO First-In-First-Out
FPP Field-Programmable-Processor
GUI Graphical User Interface
IDE Interactive Development Environment
ISI Integrated Systems Inc.
LEAP Lightweight Exo-Atmospheric Projectile
LTIS Loral Test and Instrumentation Systems
MGT Mobile Ground Telemetry Station
PCM Pulse Code Modulation
SEMCO Systems Engineering & Management Company
TSVD Target State Vector Determination


