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During the launch of SA-5 an experiment was conducted tu determine the feasibility
of using CW tracking systems for measuring vehicle position, velocity, and acceleration
during the early launch phase. An analytical comparison ha:c “»een made hetween one CW
system and conventional optical data. Little difference was tound between resulis given
by the two systems. Least squares fits show the CW system haviny somcwhat smaller
variations. Possible utilization of a close-in CW system are discussed,
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INTRODUCTION

The developnient of large space boosters has resulted in large and costly fuel
facilities, service structures, umbilical towers, and suppert buildings, all located
within the launch complex. The possibility of a mission abort during the early
phases of flight makes it desirable to provide some protection to thase facilities if
possible., For manned vehicles, there is the even more important requirerrent to
avoid aberting the crew into the umbilical tower or the middle of a fuel facility.
Before any judgment can be made to abort, the vehicle position and velocity must
be known in real time, From these basic data, impact points and relative distances -
to obstructions can be calculated.

The feasibility of using a close-in continuous wave tracking system to obtain
metric data for the early launch phase was investigated during the launch of SA-5.
The results were compared with data derived from fixed metric cameras (CZR-1
and RC-5) described in Reference 1, which is presently the most accurate means
of obtaining metric data for the first 500 meters of vehicle flight altitude at the
Atlantic Missile Range.

There is nothing new in using a CW tracking system to obtain metric data.
What is new, however, are short baselines of a few meters to a few hundred meters
in contrast to the conventional UDCP system with baselines of severai kiloneters
and fonger. The system presently used at the John F. Kennedy Space Center, NASA,
is UDOP (UHF Doppler). —

UDOP, basically is a 2-way, coherent, continuous-~wave, tracking system. It
is a highly reliable data scurce providing very accurate velocity measurements, The
system, a descendant of DOVAP, (Doppler Velocity and Position) was developed by
NASA-KSC.

OPERATION
UDOP consists of three basic groups:

(1) The ground transmitters
¢2) The airborne transponder
(3) The ground receiver

in practi-., a central record station and data handling systems are also used.

Figure 1 is a simplified, functional block diagram of the close-in UDOP track-
ing system. The transmitters use a primary frequency standard to derive frequencies
used. The standard is multiplied to 50 mc and broadcast as a ref-“ence signal to
the receiver sites. The 50 mc is multiplied to 450 c and transmitted to the trans- |
ponder onboard the vehicle as an interrocation signal, The transponder receives the
450 mc signal, doubles and re-transmits at 900 mc.

The ground stations simultaneously receive the 50 mc reference signal and the 900
mc transponder signal, The 50 mc signal is multiplied by 18 and compared to the 900

mc signal. The difference will be zero for a vehicle on the pad and there will be a




VEHICLE TRANSPONDER

sooue [, ssome |

CENTRAL RECORD STATION

vl
//f AN
N
\\
900Me soMc + 922 450Mc
! -~
S
CONV, //m/ —— PA. rm.
/ ’ i
UHF | DOPPLER C ANALRG % —_
RCVR TAPE FRER
TIMING ~—- RECORDER aias ™ svN x18
£ STD—» .
r I 7
- L0 soMc + 248 S0Me
[ STO
‘ L
VHF
RCVF
BLOCKHOUSE TRANSMITTER
| 1 L
("“
N -
I A | bopeLzR “ DIGITAL [
— > TIMING :: DIGITIZER | TAPE ~ compuTER[— »REDUCCO
C\—» STANDAURD | —»- RECORDER [
J

COMPUTER FACILITIES

FIGURE 1. FUNCTIONAL BLOCK DIAGRAM CLOSE-IN TRACKING SYSTZm




doppier effect (measured in cycles per second) if the vehicle is in motion. This effect
will be provortional to a loop veiocity with amount depending on the locatien of the
transmitter site, receiver sites, as well as vehicle position and velocity,

The UDOP ground receivers are double, super-heterodyne, dual-channel units with
comrion local oscillators. Ali resulting frequencies after mixing are related to the
frequency standard exceot those experiencing doppler shifts. Ccnsequently, the doppler
effects are meacurakie,

INTERIM-OFFSET UDOP OPERATION

The existing system operates in an offset mode where the -eference frequency is raised
to 5 ke higaer that 900 me causing a 5 ke heat frequency ac long ac the vehicle ic on
the pad. When the vehicle moves, the doppler effect adds ic the 5 kc frequency. The
primary adv.aatage is simplification of data handling as the frequency varies from 5 kc
rather than iero. This ofiset frequency s devived using phase-iocked loop techniques
further desciibed in Reference 2.

CLOSC-IN SYSTEM DEVELOPMENT

Prior versions of the UDCP system did not provide particularly good data during the
early launch phase because of system geometry. This was overcome by installing re-
ceiver systems within the launch complex.

The close-in UDOP tracking system used for SA-5 is shown in Figure 2 and
Figure 3. The UDOP stations 1.15.1, 1, 2, 3, 4, 5, and 6 shown in Figure 2
and Stations 1.9, 1.4, and the transmitter site shcwn in Figure 3 were used to pro-
vide data. Can.era stations <nown in Figure 3 provided the data for comparison. The
close-in system uses a front-end converler developed by NASA-KSC, and the standard
UDOP receiver. cable losses are decreased by having the first intermediate-frequency
mixing and local uscillator multiplying by a converter in the field near the antenna.

SCHEDUcD IMPROVEMENTS

Another tracking system simiiar to UDOP heing developed by- NASA-KSC is ODOP,
(Offset Doppler). This system utilizes most of the existing UDOP equipment but also
takes advantage ol newer developments and techniques proven reliable since UDOP was
developed. The ODCP system uses a transponder developed by JPL for the DSIF,
Reference 2 describe i how the UDOP system was modified to track the JPL transponder
( orn a Ranger spacec aft ) beyond tiie moon, The transponder is interrogated at 890 mc
and responds on 96( mc. It is a sensitive, phase-locked loop device deriving an out-
put coherently related to the input by 96/89. A functional block diaqram is discussed

in Reference 3.
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The QUOP ground transmitter derives a reference frequency of 53.333 mc and an
interrogator frequency of 890 mc minus 5 kc bias usiing phase-locked loop frequency
synthesizers, A 960 mc test transmitter is used to calibrate the system.

The UDOP ground receivers front-end converters, and data handiing equipment can
be aligned to operate un ODOP frequencies.

During SA-6 launch the close-in tracking system will operate in the ODOP mode
with the transmitter located at the UDOP transmitter site, During SA-7 launch, the
close-in system will us< an inter-ogator located within the complex to increase accuracy,
mainly in the vertical position cosrdinate.

DATA HA™DLING

During the SA-5 launch, the doppler frequencies, the 5 ke bias frequency, timing
and staroard frequency were recorded on two seven-channei analog tape recorders in
Blockhouse 37. These data were later converted to digita. form and reduced.

DATA REDUCTION

The UDOP digitized data recorded from each receivcr station was fed to a computer
which calculated positions X, Y, and Z. These positions were then fitted to a second
degree polynomial using mid-point, moving arc smoothing over a one second interval,
From this pracess, sinoothed position, velori.y, and accaleration were obtained.

The fixed metric camera data were reducec by the AFMTC, (RCA Data Reduction).
However, to insure uniformity for comparison purposcs, the unsmoothed fixed camera
position data were fitted to a second degree polynor nal using mid- point, moving arc
smoothing over a one second interval to ¢ tain smoothed position, velocity and acceler-
ation,

The data presentec were reduced to ar. carth fixed, right handed, rectangular car-
teian roordinate system. The Y axis is nomal to the Clark Spheroid of 1866 and
positive upward. 1ne A aaiz (3 pocitive in the direction of the flight azimuth, The
o.igin for the UDOP sy.iem is at the vehicle transmi:ting 2itonta vy vehicle faunch position.
The origin for the fixed camera system was the tip of the nose of the venicle in launch
position,

Two separate reductions were performed with the LDOP data. The first sclution
was obtained using orly five of the six close-in stations, The pad receiver data was
discarded due to excessive signai dropouts. The second solution used the five cloce-
in stations plus the two outlying stations 1.4 and 1.9. The UDJP data was used as
recorded and not ediied.
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RESULTS

To show the effects of gecimetry on accuracy, Geometrical Dilution of Precision
(GDOF) solutions were calculated for three theoretical cases. Figures 4 to 6 present
the GDOP position plats for the five close-ir stations 1.15.1, 2, 3, 4, 5, Figures 7
to @ are GDOP position plots for those stations pius a pad station, Figures 10 to 12
are GDOP postion plots for seven stations 1.15.1to 5, 1.4 and 1.9. it is evider:
from these that the addition of the pad station 1.15.6 significantly improves the accuracy
along the Y coordinate, whereas the addition of the two outiying stations improve X, Y
and Z.

The following plots are based on actual data obtained during SA-5 launchk, Figures
13 to 21 are plots of position, valocity, and acceleration versus time for the close-in
UDOP (5 station solution} and the fixed camera data. The UDOP data are plotted as
crosses and the fixed camera data are plotted as circles. Figures 22 to 30 are correspond-
ing plots for the ciose-in stations supplemented by twa outlying stations {7 stations
soiution). The fixed camera data are the same in each case. There is little apparent
difference between the 5 and 7 station UDOP so!utions for the position and velocity data.
There is however, considerable improvement in the 7 station UDOP acceleration data.
The most significant result is the excellent ayrecment with the fixed camera data exhibited
by both the 5 and 7 station UDOP solutions. In addition, the neise, or scattering, of
the UDOP data is less than the fixed camera data.

PRESENT CAPABILITIES
Vehicle performance evaluation:

In the nast, trajectory data from liftoff could only be provided by optical instrument-
ation, As aresult there have be2n many instances where loss of data have occurred
because of poor visibility. Therefore, a close-in CW tracking system will insure data for
evaluating early flight performance. As an example, the acceleraiion data in Figures 28
to 30 were fitted to a straight line to determine liftoff accelerations. The results are
presented in Figures 31 to 33. The standard deviation of iiftoff acceleration is + 0.029

m/sec2 forthe fixed canera data and + 0.023 n/sec? forihe 7 station UDOP data.
FUTURE POTENTIAL

1. Real time trajectory information and impact prediction:

Efforts are underway at KSC to develop a prototype real time trajectory information

and impact predictor system based on doppler data only. The accuracy potential of such
a system is demonstrated in Figures 34 to 36. These plots, based on SA-5 data show

the predicted impact pecints of the vehicle center of gravity in the XZ plane, assuming _—

engine cutoff at a given flight time. The total flight time represented is 16 seconds.
Both the 5 station and 7 station UDOP solution are in excellent agreement with the
fixed camera data; the UDOP predictions being smoother.
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2. Umbilical tower miss distance:

Under certain engine maifunction conditions it is possible for the Saturn vehicle
to drift into the umbilical tower. Figures 37, 38, and 39 are plots of the distance
between the SA-5 vehicle and the umbilical tower in the XZ plane from fixed camera,
5 stations and 7 station UDOP data (SA-5) respectively. The total fiignt time repre-
sented is 7.5 seconds, at which time the vehicle had cleared the umbilical tower.

These plots show the feasibility of using a CW doppler system for detecting motion
with respect to the umbilical tower.
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