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ABSTRACT

Flight Safety concerns increase proportionally with increasing missile performance.
These concerns are greatest in the near launch arena where a missile has the greatest
potential energy. Systems such as radar, GPS tracking systems, and optics are normally
of limited use in this arena for a number of reasons. A system was required that would
provide useful tracking data in the first few seconds of a missile launch. This system has
met that requirement providing nominal path deviation data from the launcher out to as
much as 120 seconds.

The tracking system described herein uses the principle of radio interferometry to derive
phase difference measurements between carefully spaced antennas. These measurements
are transmitted to the Operational Display Facility and converted to a usable angular
deviation plot for use by Flight Safety Personnel.

This paper provides an elementary radio interferometer system background and discusses
this particular system setup and use. Some detail is provided on the premission simulation
and setup of the system as well as the real-time display setup and output of the final data
product.
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INTRODUCTION

Radio Interferometer Systems have been in existence at WSMR since the 1950’s. At one
time WSMR operated three different interferometer systems that were staffed on a full
time basis. In the early 1990’s all interferometer systems at WSMR were shut down for
economic reasons. At the same time Flight Safety was beset with the problems of
insuring that high velocity maneuvering vehicles could be kept on range. Therefore
economics, continuing technical development, and Flight Safety Branch requirements
motivated the Remote Data Acquisition System (RDAS) development.

The RDAS emerged as a prototype system for a proposed Interferometer System
upgrade. The system upgrade failed, and the RDAS prototypes then made use of
components from one of the earlier systems that had been shut down. This was done in
the interest of making use of available assets. The two prototypes were brought into the
active inventory as certified systems. Two more vans which would be capable of tracking
two separate targets each were being constructed by our in house contractor. There are
two separate RDAS systems, one system capable of single target tracks, and one system
capable of dual target tracks. Both are certified (with qualifications) for use by the Flight
Safety branch. Both systems require fewer people, by a factor of three, than the earlier
counterpart system.

DISCUSSION

Radio Interferometry is based on phase difference measurements taken between separated
points to provide an angular measure to the source of the radio frequency. The path
lengths from the source to each antenna are measured and compared as phase difference.
The phase difference is mathematically converted to a direction cosine.

 Looking at the geometry of the interferometer setup yields the following description. If
two antennas are placed on a common baseline, with known spacing, the vectors that join
the antennas to a common source of RF energy form a triangle. The phase delay at one
antenna as referenced to the other can be thought of as a measure of the difference in the
length of the vectors. This vector length difference can also be thought of as phase
difference. When considering the motion of the vehicle the varying difference in vector
length also becomes phase shift. By measuring the phase difference that exists at the
antennas it is possible to determine the cosine of the angle of the vector direction. Figure
1 illustrates this idea.

Mathematically the actual working equations are not complicated. The basic
interferometer equation from which the phase information is extracted is as follows:

cos αα = PLD/BL



where... PLD /BL is the direction cosine expressed as cosα
...PLD is equal to the path length difference
...BL is equal to the distance between the antennas or can also be called the

baseline length.
The problem for the interferometer becomes one of finding the quantity PLD/BL. The BL
is found by using the survey data of the antennas themselves. The Cartesian coordinate
values are differenced to obtain the distance between the antennas. These distance values
are converted to wavelengths for the particular frequency of concern.

The path length difference calculation makes use of the idea that for practical purposes
any emitting RF source that is beyond about 100 times the baseline length is considered
to provide information at the antennas that looks as though it arrived in parallel paths
from the source. By using this mild assumption it is a simple matter to subtract one path
length from the other and come up with the path length difference. Figure 2 illustrates
this idea.
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From the geometry expressed in figure 2 the direction cosine “cosα“, can be visualized as
the trigonometric relationship cosα = Adjacent side / hypotenuse. The adjacent side
happens to be the PLD, which is determined by path 1 - path 2. The hypotenuse happens
to be the BL which is determined from Antenna 1 - Antenna 2 (Cartesian values).

SYSTEM ELECTRONICS

The RDAS systems are comprised of a triple down conversion dual channel receiver set,
a signal processor, and a host of equipment that is peripheral to the signal processor. A
very basic diagram is provided to show signal input, signal processing, and data output in
figure 3. Besides simply down-converting to a useful frequency, the receiver modulates



the incoming data with reference data by which the phase comparison can be made. The
receiver allows selection of an S band frequency anywhere in the range of 2200.5 MHz to
2299.5 MHz. Individual frequency spacing within the band is tuner selectable in 500Khz
increments. Carrier modulation on the S band frequency affects the system only in that it
spreads energy to the side bands and decreases the usable carrier signal level. The
receiver has a threshold at around -120 dBm depending on a few factors such as channel
balance, and location of the antenna field with respect to the receiver. The system
remains responsive to within 3dB of the system noise sensitivity.

Antennas

Receiver, DLO mixers, TLO mixers, IF filters
             

Signal processor, TLO, DLO generation

Data Formatting Data product
to RTDPS

Field down
 converter

Receiver,  DLO mixers, 
TLO mixers,IF filters, Data filters

Signal Processor,
TLO, DLO generation,
Timing.

Figure 3

Figure 3 shows a single channel of the dual channel receiver. All channel 2 data is
derived from the same signal processor and is routed to the same data format and output
devices. The final RDAS data output is a weighted word that represents phase difference.
The word consists of eleven bits where the LSB is 20 and the MSB is 210. Data is
transmitted as 2400 baud modem data through Communication Facilities to the Range
Control Center.

FIELD SETUP

Each RDAS system consists of two self-contained vans, and the associated antenna
fields. The systems are mobile, but the fields would be better characterized as
transportable or even semi- permanent. The amount of proposed requirements in a
particular area is used to determine whether a portable field setup or a semi permanent
setup will be installed. The first down converter is located at the antenna field, and the
downconverted signal is routed to the van that is usually within 100 meters of the field.
The fields are generally located higher than the van to minimize reflections and
multipath. The vans themselves are generator powered and are also capable of using
commercial power.



SYSTEM OPERATION

Two personnel are required for system operation. System simulations are used to select a
site location. The simulations consist of a software routine that simulates idealized
system response. The main item looked at is the phase change rate to ensure that the filter
response of 30 Hz is capable of handling the relative missile dynamics. Other factors
looked at include heights of the chosen location with respect to the launcher. These
heights are checked due to the inability of the equations being used to resolve angles that
are less than the local horizon zero degree angle. The system has successfully used a
tilted plane in the antenna field setup for those times when the system was located at a
position higher than the launcher. This effectively provided an angle greater than 0
degrees to the launcher. The systems are then placed as close as practical to the antenna
field while maintaining minimal possible multipath conditions, and minimal distance to
communication facilities. Once the systems are set up and checked out, the real-time
computer operators direct what is referred to as a “transmitter walk”. A portable walk
transmitter is hand carried some distance in front of the field to provide the real-time
analyst with the indication that the system direction sensing is correct. Once these checks
are finished the system remains in readiness for the mission support. It is common
practice to evacuate the system at some time prior to the missile launch for safety
reasons. The systems are usually located within two to ten thousand feet of the launcher.

SOFTWARE ENGINEERING OVERVIEW

Previous RDAS real time software application was executed on a Perkin Elmer mini-
mainframe computer and displayed through a VAX graphics system. These computers
were costly to operate, outdated, and used software that was difficult to develop and
maintain. A replacement platform was investigated and pursued.

The primary design goals were to process the incoming 20 Hz data without dropping
data; to provide an easy to use, user-friendly, and logical setup; to show active status
display indicators and messages; to provide informative real time graphics; and to support
Missile Flight Safety decisions during real time missions. Secondary design goals were to
provide customized real time plots and post flight analysis and diagnostics, such as data
preview and playback.

The PC platform and off-the-shelf software design packages were chosen to implement
the application, first, because of low cost, time constraints, and long-term supportability,
and, second, because of the transportability of the application to other PCs. The software
tools used were Visual Basic (VB), an object-oriented design package; Third Party VB
add-in Tools; Fortran, compiled as dynamic linked libraries (DLLs); and
Windows/Windows 95 operating system for the PC. Following is a discussion of the
application’s development and performance and how the design goals were met.



DATA FLOW & CAPTURE

RDAS phase difference data is routed from the field to the Range Control Real Time
Data Processing System (RTDPS). An Input Output Serial Processor (IOSP) converts the
serial raw data into a network message at a rate of 20 samples per second. A PC running
the WIN 95 RDAS application receives the raw data. To accurately determine the actual
vehicle movement and to obtain the full angles of the vehicle relative to the RDAS
system, the individual phase differences, including any ambiguities, must be summed
over time starting from a known location, usually the launcher.

Third Party Tools and Fortran software language generated DLLs were used to receive
the input measurements from the Ethernet. A Third Party TCP/IP socket add-on allowed
the application to directly access the Ethernet, receive the input from the Ethernet, and
buffer the data for processing. Adding the Third Party Tool to the WIN 95 RDAS
application required very little programming and streamlined the process. A Fortran
language DLL, using input and output structures, was used to provide the most time
efficient processing method to isolate the phase difference data from the other range data
received along with the RDAS data. The DLL was designed and developed as a generic
object to receive any raw data on the input buffer in order to expand its usability.

DATA PROCESSING

RDAS raw data consists of two phase differences measured at a rate of 20 samples per
second. The phase differences reflect the change in target position since the last data
sample. To obtain full angles relative to the RDAS system, the individual phase
differences must be summed over time referenced to the origin, usually the launcher. The
direction cosines are computed from the total phase differences. The azimuth and
elevation angular deviations, representing the deviation of the target from the origin, are
computed from the direction cosines.

There were two main reasons for using Fortran to process the data. The existing software
on the mainframe was written in Fortran and VB execution of mathematical functions
take more time than a compiled Fortran DLL. Modifying the existing software by adding
a front-end input/output structure and then compiling the software into a DLL saved
programming and validation time.

USER INTERFACE

Visual Basic was used as the primary design platform for the user interface and GUI
design. The application GUIs were designed to be user-friendly, informative, and to
follow Microsoft general software standards. The application GUIs and graphic displays
were required to fit on the PC display area. Using a Third Party Tab Tool on the SetUp



GUI allowed for more information to be displayed in less physical space. (Figure 4.)
Feedback on the usability, feasibility, and clearness from the users resulted in several
revisions before the final GUI design was developed. Revisions of the GUI’s could be
done quickly and efficiently.

Several features incorporated into the application were the ability to create and save a
mission setup file, to read and plot a playback file, to display status and message
indicators, and to modify the plot and axis display setup.

Figure 4

GRAPHICS

RDAS measures near launch deviations from nominal flight path. This information is
displayed as an azimuth and elevation angle with respect to the RDAS origin. RDAS is
used by Missile Flight Safety for destruct decisions during the first 15 to 20 seconds of
flight. Typical RDAS consists of two plots of azimuth versus elevation. The nominal
flight path and maximum deviations are plotted as background prior to launch. The plot is
updated up to 5 times per second. (Figure 5)

The plotting function was written as an object. For each plot created, separate copies of
the object are made in memory by Visual Basic. This translates into less confusing code.
Direct interaction with the plotting object, which includes moving the axis, changing the
text colors and font size, and the placement of the parameters, with the plotting object
form requires no special programming.



Figure 5

CONCLUSIONS

The system is now supporting a varied number and type of programs. Major
improvements can still be made in the area of multiple target tracking for both systems.
Other improvements are being made for use of the system in a stand-alone mode using
local PC’s as display devices.
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