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STORAGE OF SATELLITE
ALTIMETER DATA

Russell W. Agreen
National Geodetic Survey
National Ocean Survey, NOAA
Rockville, Md. 20852

ABSTRACT. Software has been developed for storing any
amount of satellite altimeter data on tape and disk
devices with the ability to select parts of existing

data sets and form new ones as required. The same

data set structure is employed for storage and appli-
cations. Users are encouraged to run the maintenance
software to tailor altimeter data sets to their spe-
cific needs. These features were designed to provide

sufficient data manipulation capability for research-

without the extensive developmental effort needed for

a true data base. The system is written in IBM FORTRAN.
Instructions for the user are not provided because they
are subject to change.

INTRODUCTION

The placement of altimeters on Earth-orbiting satellites has caused large
amounts of observational data to be sent to NOAA's National Ocean Survey,
Geodetic Research and Development Laboratory (GRDL). Currently, several
million data points from the Seasat and Geos-3 altimeters have been
received, and future satellite altimeter measurements are expected to out-

number these. Consequently, a method for storing and sifting through alti-
meter data is necessary.

DATA STORAGE

The most acceptable data storage concept is a data base. However, the goal
of having one base containing all altimeter observations carries a high price
in developmental effort which cannot be justified in light of the small user
community envisioned. Thus, the data are stored in pieces. The software
designed for the altimeter pieces, or data sets, was predicated upon a few
obvious needs. The data had to be arranged chronologically, conveniently
summarized, and easily divisible into subsets to meet arbitrary research
requirements. The software, initially developed for Seasat measurements,
is satellite specific. When new Geos-3 releases of altimeter data arrived,
the programs were slightly modified to handle the different information.
Therefore, each satellite has its own software, but the storage concept is
shared.

Given the restrictions of available computer resources, 6250 bit-per-inch
magnetic tapes were chosen as the primary means of data storage. To increase
the carrying capacity of these high density tapes, large block sizes and
binary data records were used. To provide flexibility and facilitate the
storage of data chronologically, direct access disks were selected as secon-
dary storage devices.



The structure of the altimeter data records is designed for near maximal
compression without sacrificing simplicity. Each binary integer field is
either 32, 16, or occasionally 8 bits long. In addition to avoiding the space
wastage of floating point numbers, integer usage circumvents potential prob-
lems of interpretation of the data set on non-IBM equipment; Seasat data sets
have been read without any prior modification on a UNIVAC 1100/42. Tables 1
and 2 show the Geos-3 and Seasat altimeter record content. For an explana-
tion of their contents, see NASA Reference Publication 1066 (Stanley and
Dwyer 1980) and Seasat GDR Users Handbook (Ronai 1980).

Table 1.--Geos-3 altimeter data records. Each record consists of 44 bytes
composed of 4-byte and 2-byte integer fields,

Field Bytes Units Contents

1 1-4 days Modified Julian date of observation.
2 5-8 seconds Time from beginning of day.
3 9-12 1076 microseconds Continuation of time to the microsecond.
4 13-16 107% microdegrees Geodetic latitude.
5 17-20 1076 microdegrees Geodetic east longitude.
6 21-24 millimeters Sea surface height above ellipsoid.
7 25-26  centimeters H 1/3, significant wave height.

8 27-28 1073 Surface reflectivity (op)
9 29-30 cm/sec Wind speed.

10 31-32 1072 Swell coefficient (y).

11 33-34 1073 microdegrees Pointing angle.

12 35-36 1072 Reflectivity coefficient.

13 37-38 - Index of ice probability.

14 39-40 - Revolution number of orbit.

15 41-42 - Unique number.

16 43-44 - Status bits (1,2,3,...,16).

Data records are organized into passes that consist of a number of observa-
tions closely spaced in time. One header record per pass is required to
identify the pass, locate it geographically, store the record count, and
provide a linked list structure used when reading direct access disk sets.
Disk data sets have one additional overall header record which contains
pointers to the first pass of the linked list and to the next available re-
cord for the addition of new observations. Data may be added to disk sets
only, because the linked structure allows for the easy preserva-

tion of chronology.

Incoming altimeter observations are read by format specific routines which
store groups or passes of data on disk sets. When the disk capacity is
reached, the contents are moved to tape by the satellite's unique maintenance
program. Whenever possible, a pre-existing tape and the disk are merged onto
a second tape in a manner that preserves the time order. By these means the
satellite's altimeter data sets are formed.
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Table 2.--Seasat altimeter data records.

Each record consists of

80 bytes composed of 4-byte and 2-byte integer fields, and

l-byte logical fields.

Field Bytes Units Contents
1 1-4 seconds Time from beginning of 1978.
2 5-8 microseconds Continuation of time to the microsecond.
3 9-12 microdegrees Geodetic nadir latitude.
4 13-16 microdegrees Geodetic nadir east longitude.
5 17-20 millimeters Raw altimeter measurement, h.
6 21-24 millimeters Computed spacecraft height above reference
ellipsoid.
7 25-28 millimeters Surface height above reference ellipsoid, based
on altimeter measurement.
8 29-32 millimeters Calculated geoid height above reference
ellipsoid. )
9 33-34 millimeters Barotropic corrections to height measurement.
10 35-36 millimeters Solid Earth tide correction.
11 37-38 millimeters Ocean tide height correction.
12 39-40 millimeters Steric anomaly correction.
13 41-42 millimeters Ionospheric correction.
14 43~44 millimeters FNWC wet tropospheric correction.
15 45-46 millimeters SMMR wet tropospheric correction.
16 47-48 millimeters Dry tropospheric correction.
17 49-50 - Spare 2 byte field.
18 51-52 millimeters Net instrument correction,
19 53-54 millimeters Residual RMS to straight line fit for
compressed 10 per second data.
20 55-56 centimeters H 1/3, significant wave height.
21 57-58 centimeters Net instrument correction to H 1/3.
22 59-60 centimeters H 1/3 sigma of data scatter.
23 61-62 1072 decibels Backscatter coefficient ( og)
24 63-64 cm/sec Wind speed.
25 65-66 1072 decibels Automatic gain control (AGC).
26 67-68 1072 decibels Sigma for AGC.
27 69-70 1015 E/m? Electron (E) content of atmosphere.
28 71-72  millibars Sea surface atmospheric pressure.
29 73-74 millibars Sea surface atmospheric water vapor pressure.
30 75-76 1072 deg K Sea surface atmospheric temperature.
31 77-78 — Orbit revolution number.
32 79 - 8 flags stored in bits 87654321 as follows:
Bit 1 0 if sea and 1 if land.
Bit 2 Tilt angle, 1 if unavailable and
0 if available.
Bit 3 Tilt angle, 1 if out of limits and
0 if not.
Bit 4 h blunder, 1 if on and 0 if off.
Bit 5 H 1/3 blunder, 1 if on and 0 if off.
Bit 6 o AGC, 1 if out of limits and 0 if not.
Bit 7 o H 1/3, 1 if out of limits and O if not.
Bit 8 ¢ h, 1 if out of limits and 0 if not.
33 80 -

Track mode status (frames/average).

3



( Instructions

L

Maintenance

Y
Fuli

Summary
of Passes

Y

Listing of
Specified
Passes

Groundtrack
Graphics

Figure 1.--Maintenance software capability.



-

i

ot TN
(/7777772

LAY

TR SIIIIIIIY
Empty fee
JOB Maintenance
#1 Select

Y

Maintenance
Add ©ZZZ7Z4

JOB
#2
* Y JOB # 3
Maintenance
Y. Add
N
JOBS #45.. ...

N
LU

Applications [

Results

DN

b

Figure 2.--Selective merging of data.

5



814 * 815

Figure 3a.--Equal-area blocks with index numbers, NW quadrant.
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DATA ACCESS

The applications user is given two tools for accessing the records of in-
terest. First, the job control language and instructions needed to run the
maintenance software on the data sets are provided in order to form the subset
of desired passes. Second, a reading routine is supplied for easy access to
either tape or disk records. Figure 1 shows the basic options of the main-
tenance software. To implement the program, input instructions and a tape
(or disk set) are necessary; a second input data set is optional. Output may
consist of an entire summary by satellite pass, a dump of records for speci-
fied passes, a plot of the satellite groundtracks of certain passes against a
map of the continents for all or part of the globe, and/or a new data set
composed of any subset in data set 1 merged with all of data set 2.

Of the various maintenance options, selective merging is the most important
and hardest to envision. Figure 2 shows how several shaded data passes of
interest could be gathered into one set for convenient applicational access.
The indicated altimeter passes may be defined by: (1) the order in which
they appear on the set, (2) quantity of data, (3) traversal of equal-area 5°
square blocks (Morrison 1977) (fig. 3), or (4) traversal of user-defined
blocks. The first three methods are equally fast; the fourth is slower be-
cause individual data records are interrogated.

Figures 4, 5, and 6 show examples of the summary, dump, and plot outputs.
Table 1 must be used with the dump example to interpret the field contents.
Plotting is a slow option because each record of all selected passes must be
examined to see if it can or cannot be plotted within the confines of the
graph. Users may obtain complete instructions for both the maintenance and
reading programs from the Geodetic Research and Development Laboratory. They
are not provided here because these features are subject to changes as re-
quested by the users.
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