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ABSTRACT

The Geodynamics Experimental Ocean Satellite (GLOS-3) was
launched on April 9, 1975, to perform cxperiments 1n the geo-
sciences discipline (c.g., solid carth physics and oceano-
graphy). The primary experimental instrument, a dual mode
radar altimeter, is being applicd to oceanographic objectives
which include mapping the topography of the ocean surface and
determining thc ability of the altimeter to mcasure wave
height. Precise time corrclation of the altimetric mcasure-
ments to UTC (within an accuracy of #*600 usec) is required in
the application of the data. A special timing system is om-
ployed which is independent of the timing data recorded on ana-
log telemetry tapes at the NASA - Spacecraft Tracking and Data
Network (STDN), and ultimately serves to identify the time of
cach altimeter transmitted pulse to the required accuracy. The
timing system begins in the GE0S-3 spacccraft where both the
altimeter pulsc repetition frequency and the telemetry bit rate
frequency are coherently derived from a clock divider driven by
an ultra - stable 5 MHz oscillator. The telemetry format is
programmed to uniquely identify cach major and minor telemetry
frame over an unambiguous period cxtending more than one year.
Approximately once cach day, a STDN station is scheduled to
detect the time of arrival (relative to station time) of a
selected bit in the telemetry frame synchronization patterns
over the duration of the pass. Approximately 600 data points
consisting of time and major and minor framc identifications
are transmitted to the GEOS-3 control center located at

Goddard Space Flight Center (GSFC) along with station pre- and
post-pass delay measurements. At the control center the data
is processed to account for spacecraft system delay, propaga-
tion delay, ground systems delay, and discrepancics between
station time and UTC. Within a mattcer of minutes a report is
generated providing UTC time (at the spacecraft) for uniquely
identified major frames of telemctry. Indications as to the
quality of the data are also provided. The timing reports




are transmitted to the Wallops Flight Center, where all GEO0S-3
altimeter data is processed. Using the daily timing reports
and interpolating between each report, a time base is estab-
lished to allow precise time tagging of each GEOS-3 frame of
data. Subsequently, as telemetry data arrive at Wallops on
magnetic tape, the frames of data are simply identified and
appropriately time tagged. The UTC time of cach altimeter
measurement telemetered within a given frame is then identi-
fied by applying known time relationships hetween telemetry
frame time and the time of the altimeter transmitted pulse(s)
from which the telemetered altimetric measurement was derived.

INTRODUCTION
GEOS5-3 Mission:

The Geodynamics Experimental Ocean Satellite (GEQS-3) was launched on
April 9, 1975, from the Western Test Range by a two-stage Delta
Vehicle, thrust augmented with four first-stage solid propellant
motors. A near perfect 844 km circular orbit was obtained with an
inclination of 115 degrees and a period of 101.8 minutes. These
orbit parameters were chosen to provide orbit traces that cover the
earth's surface in a prescribed grid work pattern.

The GE0S-C Mission Objectives in order of priority are:

To perform an in-orbit satellite altimeter experiment to: (1)
determine the feasibility and utility of a space-borne radar
altimeter to map the topography of the occan surface with an absolute
accuracy of *b meters, and with a relative accuracy of 1 to 2 meters,
{2) determine the feasibility of measuring the deflection of the
vertical at sea, (3) determine the feasibility of measuring wave
height, and (4) contribute to the technology leading to a future op-
erational altimeter satcllite system with a 10-centimeter measurement
capability.

To further support the calibration of NASA and other agencies' ground
C-band radar systems by providing a space-borne coherent C-band
transponder system, to assist in locating these stations in the
unified earth-centered reference system, and to provide tracking
coverage in support of the radar-altimeter experiment.

To perform a satellite-to-satellite experiment with the ATS-6 satel-
lite using an S-band transponder subsystem to directly measure the
short period accelerations imparted to the spacecraft by the gravity
field and to determine the position of the spacecraft. The satel-
lite~to-satellite system is also used for altimeter telemetry data
relay through ATS-6.




To further support the intcrcomparison of new and established geo-
detic and geophysical measuring systems including: the radar altim-
eter, satellite-to-satellite, C-band, S-hand, Laser, and Doppler
tracking.

To investigate solid-earth dynamic phenomena such as polar motion,
fault motion, earth rotation, carth tides, and continental drift
theory with precision satellite tracking systems.

To further refine orbit-determination techniques, the determination
of interdatum tics, and gravity models.

To support the calibration of S-band sites in the STDN to assist in
positioning the network stations in the world reference system, and
to assist in evaluating the system as a tool for geodesy and pre-
cise orbit determination.

GEOS-3 Spacecraft

The GEQS-3 Spacecraft, shown in Figure 1, was designed and fabricated
by the Johns Hopkins University/Applied Physics Laboratory. The struc-
turc consists of a rigid box in the form of an octahedron topped by a
truncated pyramid. The octahedron measures |.37 meters across the
flats. A 6.46 meter rigid boom supporting a 46.2 Kg end mass provides
gravity gradient stabilization for the spacccrart. Total spacecraft
weight is 345.9 Kg. The system block diagram is shown in Figurc 2,

The experiment package consists of five hasic instruments as follows:
1. Radar Altimeter

2. (C-band Transponders

3. S-band Transponder

4, lLaser Retroreflcctor

5. Doppler Transmitters

The basic objectives of the radar altimeter experiment arc to demon-
strate the feasibility of utilizing an on-board altimcter to measure
the time varying behavior of the occan's surface and the departure of
the sea-surface from the geoid, as well as to investigate altimeter

instrumentation technology. The basic measurement goals established
for the altimeter are:

Precision: Short pulse mode 30 centimeters
Long pulse mode 60 centimcters
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Geoid Recovery Accuracy: Absolute * 5 Meters
Relative * 2 Meters

Sea State Determination Accuracy: 25% of Significant Wave Height

Two C-band radar transponders are incorporated to support the altimeter
and C-band system calibration as well as geometric, gravimetric, and
other geodetic investigations. The C-band system consists of the two
transponders (one coherent and one noncoherent) and the associated
ground tracking C-band radars. The noncoherent transponder, operating
in conjunction with existing ground radar systems, provides range

and angle measurements, The coherent transponder, operating in con-
junction with existing coherent ground radar systems, provides

range, range rate, and angle measurements.

The laser retroreflector array consists of 264 quartz cube corner re-
flectors mounted on a 45° conic frustum. The retroreflector is utilized
in conjunction with ground-based laser systems to obtain precise
satellite ranging data.

The Doppler System consists of two space-borne transmitters and ground
base doppler receiving stations. The dual frequencies (162 and 324 MHz)
are coherently related and derived from the 5-MHz spacecraft oscillator,
which also provides the basis for the altimeter Pulse Repetition Fre-
quency (PRF), telemetry rates and spacecraft timing. The difference
frequencies between the higher and lower received frequencies and the
station oscillator are combined in the proper proportions to obtain both
the first-order ionospheric refraction correction and the refraction
corrected doppler frequency.

The S-band system consists of a single coherent S-band transponder and
an antenna network capable of two-way communications direct to the STDN
ground stations or to the ATS-6 ground stations through the geosynchro-
nous ATS-6 satellite. In either mode of operation coherent range-rate,
ranging, and GE0S-3 telemetry data can be provided.

GEOS-3 Mission Timing Requirements

The GEO0S-3 Mission Timing Requirements are segmented into two cate-
gories: (1) tracking station requirements associated with the various
tracking instrument types, and (2) spacecraft timing requirement asso-
ciated with time tagging the data of the space-borne tracking instru-
ment, the radar altimeter.

Tracking station time requirements are satisfied by conventional tech-

niques and are not the topic for discussion in this paper. The track-
ing station timing goals are listed below:
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Instrument Type Timing Accuracy Goal

Laser x 8 usec
S-band:
Direct-to-Ground : 25 usec
Through ATS-6 * 11 usec
Coherent C-band * 10 usec
Non-Coherent C-band z 50 usec
Doppler * 100 usec

Relative to satellite altimetry, the purpose of the ground tracking
systems is to provide data for precisc orbit determination in position
and time. With the orbit established, the radar altimeter data must be
time tagged commensurate with its ranging precision. The requirement
is to time tag the rangc data to an accuracy of :600 usec. With a
maximum radial range rate of 100 meters per second due to the combined
cffects of orbit eccentricity and geoid undulation, a 600 usec timing
error would produce a range error of six centimeters. The altimeter
precision is estimated to be 50 centimeters at a measurement rate of 10
samples/second. A one-second average yields a precision of about 20
centimeters.

Since the altimeter is a spacccraft-borne radar with all of the asso-
ciated tracking functions performed in-orbit, a means was sought to
satisfy the time tagging requirement. This necessitates. determining
spacecraft time, and, specifically, determining the time of the radar
altimeter transmitted pulse(s) that is incorporated in any given range
measurement.

The system implemented to perform this task is discussed relative to
the three main portions of the system. They are the satellite system,
the ground station time detection system, and the data processing sys-
tem. Sample results are also included,

SPACECRAFT SYSTEM

In the spacecraft, both the altimeter PRF and the telemetry bit-rate
frequencies are derived from a stable crystal oscillator operating
nominally at 4999,750 Hz. The timing network is given in Figure 3 and
supplies the clock for (1) two telemetry bit rates detailed in Table 1,
(2) the altimeter PRF, and (3) a major frame counter referred to as the
Time Code Generator (TCG). The altimeter transmittcd pulse time rela-
tionships are very similar for either telemetry bit rate. Therefore,
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for clarity sake only the low bit rate telemetry mode (i.e., 1562 bps)
is discussed in this paper.

Table 2 is a sample of a GEOS-3 minor telemetry frame in the low bit
rate., As noted in Table 1, four of these minor frames constitute a
major frame with each major frame identified by a specific TCG count.
The TCG 'Hcrements in a binary count on every major frame up to a maxi-
mum of 2°° and then turns over to zero and begins counting again. The
four minor frames within a major frame are identified by the FFID which
increments in a 2 bit field from 00 binary to 11 binary. Therefore,
with the combination of TCG and FFID (See Table 2) each minor frame is
unambigiously identified throughout more than one year.

The radar altimeter transmitted pulses have a known relationship to the
telemetry frame. As shown in Figure 4, a transmit clock occurs one
word time (5120.2 psec) + 224 usec = 5344.2 usec before the beginning
of the frame. The actual altimeter transmit pulse is generated 25.6
usec after the clock (a value derived through tests). Therefore, the
altimeter pulse precedes the frame start time by 5318.6 psec. This
pulse is the last included in the referenced altitude accumulation

(See Figure 4) with the altitude result subsequently read-out into the
telemetry stream in words 11, 13, 15, and 17 (See Table 2). The altim-
eter transmitted pulse time for subsequent altitude results are derived
in a similar manner and are all referenced in the beginning of a telem-
etry frame.

The actual telemetry frame start time used as a reference in the fore-
going is delayed by a constant during the process of developing the
split-phase Pulse Code Modulation (PCM) waveform. Figure 5 shows this
relationship. The spacecraft delay of 336 usec is accounted for in the
time correlation data processing to be discussed later in this paper.

To summarize the spacecraft system, the following has been established:

1. The time relationship of the telemetry framc¢ and the altimeter
transmitted pulses.

2. The unambigious identification of any telemetry minor frame for
more than a one-year period.

3. A spacecraft delay constant to be applied in time correlation data
processing.

GROUND STATION TIME DETECTION SYSTEM

Selected STDN stations detect the time of arrival of the leading edge
of the first bit in the telemetry synchronization pattern with respect

660




qsH | 66 asy |6l asy | ose | MSH |6 TSH ﬁ 61
DOVH | Sk DOVH DOwH | §g DOVH | K8 a0vE | SE
Crvo YL rivo | oLe Trivo oL B11v) | 11
708V by - 20708V | 8L P TIE0SY oo (v} DSV | uf HOD | 9T
v | oce Travo | e Trrvs | oeg pivo | e 111v9 | 51
WooeTI oSV | F6 ||t rmiasy | FL f o s vosy | oFe || GEoghTosy | by SISO
Lo | oes RARIRER LTV | eg CLTvo d1yg 1€l
- crrnosy | @6 P 1T oSy o 2008y e || i 008V AR 9SYY | 2l
TV 83 Yo T4 P1vo 19 VD e f._: 1l
Gl 1T TSV 0 f - 0T TORY | 1+ 91 TO8Y 0y 7 ISV 0f DAY al

D a1 | Od | B Ddl | bz Dl o6 =

Bl 1SV 5w el - 4 0ORY 1 NE P2 0ORY N7 DUV & ©
(v 81 080 P osa | IS 7 aardg |y
g 1ogy | ok an || 1 oertosy |oer g - T EosY | oug ONY | 9
Qv | e [y sv | ooF sv | ez S¥ | ¢
-1 0NV | Be isy MOV | w0 |l G- gl oSy | PR || e THODSY | FR A | f
aandg | Toved Pavsda ok dD 44 | £
. 21} DSV | 7w (L St LOSY €+ ¥ IOSY | aF MMON | 7z YONAS | 2
934 0991 | 19 EgL | 1y aa |tz ToNas |1
(- 20 008V 4 =l00Sy | 9 || (- BN odSY | 0 SSON | 0% Ponxs oo

|
L UOTLYEN PIOAY U % PO uoroung paos U0 pIosm I uoroung | pao

LYWHO4 AHLIW3T3L | IAON




WEIDETQ SUTVT,, S-yliy - b 9INeTd

ﬁ 1lviNbyod
DNV 9 SY .m_ dld ‘¥ Qld4 'E |9 ONAS 2|9 ONAS 'L | B ONAS 'O 66
| Wod WL
A
yY¥ESOL
+9800L ¥ ¥ 25901 41D P SNVHL

A ‘ WNJJYV

NOLLYINWWNOOY NI g3anToNI
3ISINd IAILD3443 LSV

662

& A r'y A
021501 Cc00001 02isolL 000001

‘|.v.vmumL

MD01D
LINSNYHL

WD01D
LINSNVYHL




¢ aTnlTy
O3ISW 9t€ —»| |e
|

| ASVYHd 1I11dS
Tl_ ﬂ Q3LLINSNVYHL
4 _ hu-Nmz d3ayo01o53H

J _|_ MOO0T1D 380HLS
O3S 20 ¥ 091 -» |

P

S

O-ZHN MvVH

‘._ MOOTD2 viva

ool v | v | v | o]y I1VLS LI

SWHO43IAVM INOd

663




to station time. This is performed at a rate of once every other frame
with GEQS-3 in its low data rate. A nominal ten-minute pass yields
about 600 data points. Each data point contains the following informa-
tion:

(1) Station hour, minute, second (major time) of the detected frame.
(2) Microsecond (minor time) of the detected frame.
(3) TCG and FFID of the detected frame.

The station equipment used is a PCM decommutation system known as the
Manned Space Flight Telemetry Processor (MSFTP-3). In addition to the
data points described above, pre- and post-pass delay constants are
measured by generating test patterns and timing their delay through the
system as shown in Figure 6. This reported ground system delay is also
accounted for in time correlation data processing.

During the satellite pass at the station, the data points are stored for
post-pass formatting and transmission to the GEOS-3 control center.

The data are formatted as shown in Figure 7 with each 1200 bit block
containing 12 data points. A maximum of 50 blocks can be stored (i.e.,
600 data points) requiring slightly more than eight seconds for trans-
mission to the control center.

DATA PROCESSING SYSTEM

For each time correlation pass, a maximum of 600 data points are trans-
mitted to the GEOS-3 control center located at Goddard Space Flight
Center. These data points are read into the control center SDS-930
computer for processing.

Initially, the data points are grouped in sets of sixteen (16) as shown
in the input data set of Figure 8. This provides a set of data at a
rate of approximately one data point per second over a period of ap-
proximately 16 seconds. This provides the basis for data averaging and
makes it consistent with a common major frame start time in both the
spacecraft low and high data rates. Each of the sixteen points is then
adjusted by subtracting multiples of the nominal minor frame rate to
translate each data point to the common major frame boundary.

The input data represents the time of arrival of GE0S-3 telemetry
frames at the receiving station. To establish actual frame start time
in the spacecraft, four correction factors are applied to each data
point:

(1) Station Time Versus UTC Correction - This is a constant derived
from knowledge of the difference between station clock and UTC time
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and is applied to each data point with the proper sign to correct
station time to UTC time.

(2) Ground System Delay - This is a constant for the pass being pro-
cessed which is derived as the average of the reported pre- and
post-pass delay calibration. This constant is subtracted from each
data point. If the pre-to-post-pass delay varies more. than 25
microseconds, the data is flagged.

(3) Propagation Delay - This is a variable which is derived from
station to spacecraft predicted slant ranges. The predicted range
is calculated at the time of each input data point and a corre-
sponding propagation delay is subtracted from the data point.

(4) Spacecraft System Delay - This is the constant delay discussed in
the spacecraft system portion of this paper and is subtracted from
each data point.

The resultant data set is shown with the corrections applied in the
"Data Samples Used" portion of Figure 8. All times as reported by the
station are corrected to spacecraft time and the sixteen points are
translated to the beginning of the common major frame. The eight octal
bit TCG field and four octal bit FFID field is also displayed.

A report is then formatted as shown in Figure 9. The mean time of each
data set is calculated and reported with the corresponding TCG number.
Quality indicators detailing the number of samples in each data set,
the number of samples used, and the standard deviation of the used
samples are also reported.

The timing correlation data print is also outputted on paper tape and
transmitted via teletype to Wallops Flight Center. At Wallops, the
time reports are used in the altimeter data processor to establish the
spacecraft telemetry frame time base from which all altimeter data time
tagging is derived.

One time correlation report per day provides sufficient data to model
the spacecraft oscillator drift. Linear interpolation between these
daily data points provides frame time for any of the frames of interest
occurring between the daily reports.
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QUESTION AND ANSWER PERIOD

MR. RUEGER:

You have just heard one of the results of a very complicated
satellite that is spewing out data by the carloads, working
for seven months in orbit.

They are keeping track of every pulse of the radar in its
time relationship to 600 microseconds, and cataloguing this
data.

MR. DWYER:

I failed to mention that the requirement is 600 microseconds,
but we feel the system is doing much better than that. It
is a quantum jump from trying to correlate time on tape to
data on tape. It is a quantum jump once you go to a system
like this. You go down much better than the 600 micro-
seconds. We evaluated about 50 microseconds.
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