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ABSTRACT

The et hernet technol ogy has vastly inproved the capability
to make real -tinme decisions during the flight of a vehicle.
This asset conbined with a PC telenetry data processor and
t he power of a high resolution graphics workstation, allows
t he decision makers to have a highly reliable graphical

di splay of information on which to nmake vehicle rel ated
safety decisions in real-tine.

BACKGROUND

For years flight safety officers relied on tracking

i nformation provided to them by radar sources, to nake real -
ti me deci sions about vehicle instantaneous i npact
predictions(lIP). Il Pis calculated using information gai ned
fromthe radar source. This information is conposed of
vehicle velocities, position information, pitch, heading,
and tine.

Radar has proven itself to be a very reliable source and is
a very widely used acquisition systemtoday. Radar is
however, only as good as the person operating it, and
depends heavily their ability to obtain an acquisition of
the vehicle so that the radar can automatically track it

t hroughout the flight of the vehicle. The quality of the
radar systemitself is also critical during the automatic
tracking of the vehicle.

To conpensate for the abilities of the operators and the
quality of radar systens, installations normally utilize
several radar sources to track the vehicle during flight.
Each one of these sources are input into sonme processing



device and allowed to conpete or “vote” to becone the “best”
source and is displayed in sone fashion for the range safety
officer to observe and draw concl usi ons from

THE PROBLEM

While this technique works very nicely on fixed
Installations, it is not necessarily the case for nobile
operations. Mbile operations in renote areas general ly have
t he support of one radar source. This creates a potenti al

for several points of failure. The possible points of
failure include bad acquisition by the operator, errors in
the radar systemdata, and outright failure of the radar
system Al of the points nentioned above could lead to

di sastrous results, which include destruction of the vehicle
or a ground accident due to the vehicle inpacting into a
popul ated ar ea.

THE SOLUTI ON

One obvi ous solution to nobile configuration would be to
procure, integrate, and ship another radar system Wile
this is certainly an option, it is a very expensive and
conplicated one, which still possesses the failure
potentials previously nentioned. Another solution is to

i nstall a guidance conputer system on board the vehicle and
encode its output into the telenetry downlink. This solution
woul d elimnate the operator acquisition problem System
errors and system failure would continue to be a possible
failure point. However, the Il P data fromthe telenetry
stream conbined with the Il P data fromthe radar source
woul d provide an invaluable asset to a range safety officer
for making real-tinme decisions about the vehicle by
providing a cost effective redundant source of data.

THE DESI GN

The design discussed in this paper will concern itself wth
the data handling of the telenetry streamon the receiving
end only. As stated previously, the range safety officer
woul d benefit greatly froma visual display of IIP plots and
al phanunerics information. This display woul d be better yet

I f he were able to get several radar sources and a telenetry
sour ce.

The design for retrieving the Il P information fromthe
telenmetry streaminvol ves a generous m x of hardware



t echnol ogy and software devel opnent. The front end of the
down link involves the antenna system and a S-band receiver.
The devi ce used to synchronize, decommutate, and all ow word
sel ection of the data was the TDPl us system (desi gned and
devel oped at Wallops Flight Facility) and PC card bit sync
from Veda Systens | ncorporated. Ethernet was the

transm ssion nedia of choice for passing the sel ected data
to the graphics devices. The graphics device utilized for

di splaying the Il P plots and al phanuneric data was a
Personal I RIS workstation from Silicon G aphics

| ncor por at ed.

The software devel oped for this system handl es the reading
of the selected words, calculation of the Il P, control of
the timng, processing of the al phanuneric and vehicle
nozzl e data, and the creation and transm ssion of the

et hernet buffer.

THE | MPLEMENTATI ON

The first step in the inplenentation of this project was to
assenbl e the necessary hardware to synchroni ze, decommut at e,
and word sel ect the applicable paraneters for cal cul ati ons
and transm ssi on.

The bit synchroni zation for the systemis perfornmed by a PC
card bit synchronizer from Veda Systens |ncorporated. The
bit synchronizer is capable of speeds up to 10 negabits per
second for all codes.

The TDPl us telenetry conputer system was chosen to support
the frame synchroni zation, decomnmutation, and word sel ection
demands of the project. The TDPl us system desi gned by the
Tel emetry Systens Section at NASA Wallops Flight Facility
consists of a four card set designed to run on a | BM PC
conpati ble conputer platform This systemis capabl e of
synchroni zing up to a 5 negabit Bi-Phase PCM stream

The timng required for the systemis handled by two PC
conpati bl e cards designed by the Data and Communi cati ons
section at NASA Wal |l ops Flight Facility. The first card
processes NASA 36 tinme code(GMI tine) and al so provides an
interrupt which is used to in the systemto control the

out put of the ethernet buffer. The second card processes
programti nme(countdown tine) which is input into the

et hernet buffer sent to the graphics termnal along with the
GMTI tine.



The ethernet interface is provided using a 3c503 PC adapter
card from3Com This card is an 8 bit card that is | EEE
802. 3 standard. PC-NFS software and the toolkit from Sun

M crosystens | ncorporated, was utilized to perform UDP
socket | evel ethernet transm ssions between the PC and the
graphi cs workstati ons.

The graphics workstations used for display is the Personal
IRIS from Silicon Gaphics Incorporated. The software that
was devel oped for the IIP and vehicle nozzle displays was
witten and inplenented by the Software and Anal ysis Section
at NASA Wal |l ops Flight Facility. The IIP display consists
map overlays for the given area of operation, alphanunerics,
predi cted nom nals, flight boundaries, and actual |I1P plots.
The vehicle nozzle display consists of four view ports
containing pitch and yaw nozzl e defl ecti ons, azi nut h,

el evation, and roll information.

THE SPECI FI CS

The Inertial Measurenent Unit(lI MJ) paraneters are inserted
into the PCM encoder on board the vehicle. The PCM encoded
bit streamis fed to the nodul ation port of an S-band
transmtter and radi ated through an antenna back to the
receiving station on the ground. Once on the ground, the
signal is fed through an antenna to an S-band receiver. The
recei ver denodul ates the signal reproducing the PCM signal .

The PCM signal is then fed into the source input of the PC
card bit sync from Veda Systens | ncorporated. The software
supplied by Veda is used to programthe card for proper
synchroni zati on of the PCM stream The data out and cl ock
paraneters are programmed for NRZ-L and 90 degrees
respectively and input to the frame sync card of the TDPI us
decommut at or/ word sel ect or system

The TDPl us software allows the user to input the frane
synchroni zati on i nformation, select words, set up executable
di spl ays, set up flags, tine events, custom ze engi neering
unit subroutines, and nmany other functions.

The TDPl us hardware consists of a frane synchroni zer card,
menory card, digital to anal og converter card, and a contro
card for the digital to anal og converter card.

The data and clock streans that are fed into the frane sync
card are applied to the VLSI correlator chip. If the sync



pattern that was programmed into the correlator is detected
in the serial data stream a sync pulse is generated. The
nunber of bits paraneter in the frame sync table is used to
generate an end of word pul se that cl ocks out the converted
paral |l el data across a private data bus to the nenory card.
Subframe synchroni zation is acconplished using a uni que
recycle code(URC). If the word counter conpares the URC
position, the URC code matches, and a valid end of nmjor
frame is present, subfranme synchroni zation occurs.

The nmenory card accepts the parallel data and
synchroni zati on pul ses fromthe frame sync card through the
private data bus. This card utilizes 8 Kbytes of 16 bit dual
ported RAM It is fromthis RAMthat the user may program

t hrough an index table in the software, the words he woul d

| i ke to scale and display. The nenory card al so stores

i nformati on on whether or not the individual words are

mar ked for output to the parallel port or to the DACs and

t he DAC address.

The DAC controller card receives the data fromthe frane
sync card just as the nenory card does(through the private
data bus). The port selection data and the addresses are
passed to the DAC controller fromthe nenory card through
the private data bus. The individual data is mapped to the
appropriate DAC on the DAC converter card over another
private data bus.

The DAC converter card receives the 8 bit digital data from
the data bus and converts it to its anal og representation
and made avail abl e as an output through a rear end plate
connect or.

The project discussed earlier only uses the frame sync card
and the nmenory card fromthe system The TDPlus software is
used only for synchronization purposes and is then
abandoned.

Once the systemis synchronized the Il P cal cul ati on program
is initiated. The Il P programreads (snapshots) the data on
the nmenory card of the TDPlus system The |ocation of the
word to read i s dependent upon the placenent of information
in the PCM streamwhen it is encoded. The data encoded into
the PCM streamon this particular project was put in as 8
bit words.



The latitude, longitude, altitude, and 3 velocity vectors
are all conposed of 32 bit words. Therefore, a total of 24
eight bit words had to be read. The appropriate words were
then shifted into position to give 6 nmeani ngful 32 bit

wor ds. These words are then passed to the algorithm which
calculates the IIP. Wthin this algorithmthe data is scal ed
and |imt checked.

The cal cul ated val ues are returned to the calling program
where they are scaled again, reversed, and stored in an
ethernet buffer. The pitch, roll, and headi ng paraneters are
treated in the sane manner, but are only 16 bit words.

Timng is also read fromthe NASA 36 tinme board and the
programtinme board. These paraneters are also |oaded into
the ethernet buffer. The ethernet buffer is a fixed position
buffer transmtted with UDP sockets over an |IP (Internet

Prot ocol ) network.

As the ethernet buffer is transmtted over the network, the
graphi cs workstations are actively nonitoring the traffic
with a UDP socket of their own. This particul ar project
utilizes two Silicon Gaphics Iris 4D workstations. The
first workstation displays the map sets for the region in
whi ch the | aunch operation is occurring. This map al so
contains the graphical information supplied by the telenetry
stream pertaining to safety boundaries, nomnal |I1P,

al phanunerics, true position information, and information on
t he above nentioned paraneters for several radars. The
second graphics workstation is used to display azinuth,

el evation, pitch, roll, yaw, and nozzle deflection

i nformation on the vehicle and its Aries booster. This

i nformation is displayed using a four view port screen and
driven solely by the telenetry and timng i nformation
received via the ethernet buffer.

SUMVARY

The project described above is a uni que conbination of a PC
tel enetry data processor, graphics workstations, and

et hernet technol ogy applied to telenetry. The system gi ves
deci sion nmakers the capability to see vehicle performance
graphically and nmake real -ti ne deci si ons about flight
safety. The variations that can be devel oped are virtually
unlimted and can be applied in several different areas of

t echnol ogy.



