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Launched by NASA in 1978, the Seasat satellite’s primary mission was to observe
oceans using NASA's first synthetic aperture radar (SAR) sensor. SAR bounces a
microwave radar signal off the surface of Earth to detect physical properties.
Unlike optical photo technology, SAR can see through darkness, clouds, and rain.

Through the use of SAR, the Seasat satellite collected an enormous amount of data
forits time. This data has been processed by the Alaska Satellite Facility, a NASA
Distributed Active Archive Center (DAAC), into digital imagery that allows scientists
to measure features of the planet’s surface over time.

Seasat Overview

Parameter
Temporal Coverage
Spatial Coverage
Center Frequency

Polarization

Spatial Resolution
Swath Width
Off-Nadir Angle

File Format

Download Information
Date Published
System Bandwidth
Satellite Altitude
Pulse duration

Antenna Dimensions
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Value

June - October 1978
Oceans, seaice
1.275 GHz (L-Band)

Horizontal transmit, horizontal
receive (HH)

25 m azimuth x 25 m range
100 km

108°

Geotiff or HDF5

Data Discovery

2013

19 MHz (linear FM)
800 km

33.4 us

10.74mx 2.16 m


https://asf.alaska.edu/how-to/data-basics/asf-services-data-discovery/

Parameter Value
Ground incidence angle 23°+ 3° cross track
No. of looks 4

Data recorder bit rate (on the ground) 110 Mbits/s (5 bits/word)

Radar Wavelength 23.5cm

Pulse Repetition Frequency (PRF) 1463-1640 Hz

Antenna Look Angle 20° from vertical (fixed)

Antennatype 1024-element passive micro-strip
based arrays antenna, linearly
polarized

Transmitted peak power 1kW

Seasat Satellite’s Synthetic Aperture Radar History

Seasat set a Landmark in Remote-Sensing History in 1978. On June 27 GMT, 1978,
NASA undertook a momentous task: launching the Seasat satellite in order to
demonstrate the feasibility of orbital remote sensing for ocean observation. On
board was the first NASA synthetic aperture radar sensor ever deployed.

This mission supplied the decades-old data that the Alaska Satellite Facility, a
NASA Distributed Active Archive Center (DAAC), has processed into a treasure
trove of digital images. The new imagery enables scientists to travel back in time
for research on oceans, seaice, volcanoes, forest land cover, glaciers, and more.
Before now, only a small percentage of Seasat data was processed digitally.

Although Seasat suffered a catastrophic power failure on October 10, 1978, in 106
days the satellite collected more synthetic aperture radar information about the
ocean surface — its primary mission — than had been acquired in the previous 100
years of shipboard research.
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Synthetic aperture radar, also known as SAR, bounces a microwave radar signal off
the surface of Earth to detect physical properties. Unlike optical photo technology,
SAR can see through darkness, clouds, and rain.

The scientific value of Seasat’s SAR is extensive, providing unique and unexpected
views of the dynamic ocean surface and sea ice cover, as well as the vegetated,
exposed, populated, and cold regions of Earth’s surface. ASF's new suite of Seasat
products are likely to be valuable in a range of scientific disciplines, particularly for
studies that measure features of the planet’s surface over time. Examples include
the following:

e Borealforestland cover between 1978 and 1997 could be compared using
data from Seasat and the Japanese Earth Resources Satellite 1(JERS-1).

e Rates of deformation over known active faults in North America and Pacific
Rim volcanoes could be studied using Seasat’s seven orbit cycles of 3-day
repeat data.

e Glacial change observations based on data acquired in 1978 over Norway and
Alaska could establish a much older baseline than is currently available from
other sensors.

In addition to SAR, Seasat satellite instruments included a radar altimeter, a

scatterometer, a scanning multichannel microwave radiometer, and a
visible/infrared radiometer.

Seasat Image Examples

Image Examples
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Grays Harbr and Willapa Bay in Washington State. ASF G
SS_00638_STD_F0928 captured August 10, 1978. © NASA.
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Mout of the Columbia River and the Oreoncoastline. AS raul
SS_00638_STD_F0914 captured August 10, 1978. © NASA
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The North Sea off the coast of Englahd.View fullimage to see two boats and their
wakes in the top half of the image. ASF Granule SS_00785_STD_F2511 captured
August 20, 1978. © NASA.
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A scene f}om northeast Rusia. ASF gran
August 20, 1978. © NASA.
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collected July 21, 1978. © NASA.
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Isla Cedros, Baja California. ASF Granule SS_00351_STD_F 0556 collected July 21,
1978. © NASA.
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Uncle Sam Bank, Pacific Ocen, Baja Cdlifonia. View full image to see a boat as a
small white dot in the upper right quadrant. ASF Granule SS_00351_STD_F0499
collected July 21, 1978. © NASA.

User Guide and Technical Information

Instrument and Launch
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Seasat was launched aboard the Atlas-Agena on June 26, 1978, from Vandenberg
Air Force Base in California. The Seasat spacecraft itself weighed 2,300 kilograms.
The launch sequence of Seasat went smoothly. The satellite, called Seasat-1in
orbit, had established communications and deployed its solar panels as well as
sensor antennas during the second and third orbits. It then extended its synthetic
aperture radar antenna.

BUS

SCATTEROMETER
AMTERMAL

SYMNTHETIC APERTURL
RADAR AMNTEMNMA

&G
AMTENMA Moa 1 MULT|-CHAMMNEL
MICROWAVE BADIOMETER

LASER RETROBEFLECTOR
ALTIWETER

'WIRR RADIOMETER

AR RATA
LINK AMTEMNMA

lllustration of the deployed Seasat spacecraft on orbit (image credit: NASA)

Sensors

Seasat’s five onboard sensors were individually managed by the following centers:

o Radar altimeter: Wallops Flight Center
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« Scanning Multichannel Microwave Radiometer (SMMR) and Synthetic
Aperture Radar (SAR): Jet Propulsion Laboratory

« Seasat-A Scatterometer System (SASS): Langley Research Center

« Visible and Infrared Radiometer (VIRR): Goddard Space Flight Center

e Synthetic Aperture Radar

The SAR instrument onboard Seasat weighed 147 kilograms and consumed
approximately 216 watts of power (1000 watts peak). As such, the SAR sensor could
only be operated for 10 minutes per orbit, resulting in a total of approximately 42
hours of SAR data being recorded over the 106-day lifetime of Seasat.

The planar SAR antenna array consisted of eight, 1.3 m x 2.16 m, rigid and
structurally identical fiberglass honeycomb panels. The panels were hinged
togetherin series but were individually supported by a deployable tripod
substructure that governed the deployment of the truss and provided the interface
of the antenna structure with the spacecraft. The Seasat SAR sensor is regarded as
the first imaging SAR system used in Earth orbit.

Originally, Seasat SAR data were optically processed into survey data products
available on 70 mm film. Approximately 10 percent of the total Seasat SAR dataset
was digitally processed by the Jet Propulsion Laboratory (JPL) from 1978 and 1982.
Those digitally processed products contained complete 100-km-wide swaths of
data.

Seasat did not have an onboard recording capability for data. Therefore, the
received SAR echoes were downlinked in real-time to five ground receiving
stations: Goldstone, California; Fairbanks, Alaska; Merritt Island, Florida; Shoe
Cove, Newfoundland; and Oakhanger, United Kingdom. The SAR data were
transmitted from the satellite to the ground stations in a 20 MHz analog data
stream.
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Technical Specifications

Parameter

Satellite Altitude

Radar Center Frequency

System Bandwidth

Pulse duration

Antenna Dimensions

Ground incidence angel

No. of looks

Swath Width

Data recorder bit rate (on the ground)
Radar Wavelength

Pulse Repetition Frequency (PRF)
Polarization

Antenna Look Angle

Antenna type

Pixel Size
Transmitted peak power

Viewing Geometry
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Value

800 km

1.275 GHz (L-Band)

19 MHz (linear FM)

33.4 us

10.74 mx 2.16 m

23°+ 3° cross track

4

100 km

110 Mbits/s (5 bits/word)

23.5cm

1463-1640 Hz

Horizontal transmit, horizontal receive (HH)
20° from vertical (fixed)

1024-element passive micro-strip based
arrays antenna, linearly polarized

25 m azimuth x 25 m range

1kW



800 km

290 km
OFFSET

Ty

100 km
SWATH

Y

E° CONE
1° CRDSS-CONE)

SATELLITE
TRACK

ALONG TRACK
DIRECTION

RADAR
FOOTPRINT RANGE DIRECTION

lllustration of the Seasat SAR viewing geometry (image credit: NASA/JPL)
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Seasat - Swath Coverage Maps

The Seasat satellite was designed to cover areas up to 75° north latitude. Seasat
data was acquired by five ground stations in the Northern Hemisphere. The
coverage map above displays the location of Seasat products that have been
processed by the ASF DAAC. Note: All Seasat frames undergo visual inspection, so
frames displayed in the above map may not be immediately available for search and
download via Vertex.

\. Groundstatic
ek : . - Fairbanks
; "_. - Goldstone
I verittisiand
- Shoe Cove
- Oakhanger
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Fairbanks, Alaska
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Goldstone,California

Groundstation

- Goldstone
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Merritt Island, Florida

‘ Groundstatio_?__e
' }'4\ B wverritt Island
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Shoe Cove, Newfoundland

22|Page



Oakhanger, United Kingdom

23|Page



Term

Azimuth / Along-
track

Azimuth Reference
Function

BER

Bit

Byte

Caltones

Chirp

Cleaned File

Datatake
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Definition

The direction the satellite is moving. SAR can be
referred to in(Range, Azimuth) coordinates using either
time or distance (since time and distance are
interchangeable in a SAR system).

A frequency-modulated chirp whose parameters
depend on the velocity of the spacecraft, the pulse
repetition frequency (PRF), and the absolute range. The
chirp is Fourier transformed into Doppler space and
multiplied by each column of range-migrated data in
order to focus the data in azimuth, accounting for the
phase shift of the target as it moves through the
aperture.

Bit Error Rate.

One binary digit.

Eight binary digits.

Calibration tones.

A waveform created by sweeping the frequency from
low to high.

Decoded signal file that has all currently addressed
data errors corrected.

One pass of the satellite over a ground station. Since
the satellite was constantly imaging and sending
telemetry packets, a datatake will contain a contiguous
swath of radar echoes from the ground.



Term

Definition

Decode (of Telemetry)is the process of unpacking
telemetry packets into usable data. Generally, a
telemetry packet will have three parts:

1.

Decode

Sync Code — Packets start with a
synchronization code (sync code), thisis a
recognizable pattern that signals the start
of a data packet. It is vital in determining
the start of packets, and thus, how to
interpret the rest of the informationin a
packet.

Metadata and Status — Next follows some
metadata, generally containing timing
information and satellite status. These are
typically packed into the smallest number
of bits possible. Thus, they have to be
interpreted and expanded in order to gain
information about the data packet that
was received.

. Payload — Finally, each telemetry packet

will contain some amount of payload, i.e.
actual data samples. Again, these will be
packed into as few bits as possible and
thus must be decoded into usable data
sizes (typically, byte values). Additionally,
itiscommon for a single payload to be so
small as to not be able to contain an entire
"line" of an image. Thus, in most cases,
multiple payloads have to be combined to
create a single imaged line.

Parameterizes the time between when a satellite emits
Delay to digitization a pulse and when return echoes are recorded. Field in
Seasat metadata.

ESA Standard Node locations defined by ESA to tag images at a given
Nodes location. For node 0 to 1800 the center latitude is(node
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Term Definition

*0.05) degrees, while for nodes 1801to 3600 the center
latitude is 180.0 - (node * 0.05) degrees.

Fill Flag should be Twhen no valid SAR data is sent, O if

Fill flag payload is valid.

Decoded signal file that has some number of data

Fixed File
errors corrected.

The transformation of raw signal data into a spatial
image. In its most abstract form, this is the process of
performing a frequency domain correlation of the

Focusing received signal with a 2-D system transfer function. In
practice, this process is performed in several 1-D steps,
including range compression, range migration, and
azimuth compression.

1. Creation of animagery product of a
specific size with a known geolocation,
e.g. framing of data.

2. Seasat telemetry packet ordering system,
labeling minor frames in sequence 0...60,
e.g. minor frame number.

Frame

Animage in which some number of locations have map
coordinates associated with them. This may be as little
as the coordinates for the corners. Or, it could be as
many as coordinates for the entire image.

Georeferenced

Header Seasat metadata. Also, Seasat metadata files.

Complex samples of radar echoes. The in-phase and

1&
0 quadrature components of samples.

26|Page


https://earth.esa.int/workshops/envisatsymposium/proceedings/posters/3P10/544447sm.pdf

Term

Metadata

Minor Frame

Nadir Point

Offset Video

PRF

Range / Across-
track

Range Line

Range Migration
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Definition

Data that describes data. For Seasat this includes
timing and platform status information.

One telemetry packet. For Seasat, these are 1180 bits of
data.

The point directly underneath the satellite on the
earth’s surface. The satellite height above the earth
plus the earth radius at the nadir point equals the
magnitude of the satellite position vector.

Real samples of radar echoes. The total bandwidth isin
the "video" range (i.e. MHz), while the center of the
bands are “offset” from O frequency.

Pulse Repetition Frequency.

The direction the satellite is looking. For SAR, this is
nearly 90 degrees from the along-track direction. SAR
can be referred to in(Range, Azimuth) coordinates
using either time or distance (since time and distance
are interchangeable in a SAR system).

The data samples from a single radar return collected in
the across-track direction.

The migration of range compressed pixels to
compensate for the hyperbolic shaped reflection of a
target as it moves through the synthetic aperture. The
target will migrate in the azimuth direction as a linear
trend plus a hyperbola. The shape of this migration path
is calculated from the precise orbital information and
then removed from each range line during the range
migration portion of SAR correlation.



Term

Range Reference
Function

SAR Correlator

SAR Processing
Algorithm

Sentinels

Side-band
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Definition

The range reference function is areplica of the
transmitted radar pulse that is used as a matched filter
to be correlated with each row of raw SAR data.

Software that performs SAR focusing. There are
several different algorithms that can be implemented,
but they all have the goal of transforming raw signal
datainto spatial imagery.

ROl uses the Range Doppler algorithm which has three
basic steps:

1. Range Compression — convolution of the
received radar echoes with the range
reference function,

2. Range migration — migration of range
compressed pixels to compensate for the
hyperbolic shaped reflection of a target as
it moves through the synthetic aperture,
and

3. Azimuth compression — convolution of the
compressed range migrated data with the
azimuth reference function.

Marker used to indicate the beginning or end of a
particular block of information.

Frequency bands on either side of a signal carrier — A
signal has a symmetric frequency spectrum: the
positive frequency band is symmetric to the negative
frequency band about O frequency. To create a radio
frequency signal, a chirp is mixed with a pure sinusoid
at the desired radar frequency (L-band for Seasat),
which then shifts the entire spectrum up to be
centered around the L-band frequency with a side-
band of frequencies on one side of the carrier and



Term

Slant Range to First
Pixel

SLC

Swath

SyncPrep

Telemetry

TLE
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Definition

another side-band on the other side of the carrier.
These are all positive frequencies now, but there are
two side-bands created from the positive and negative
portions of the original chirp spectrum.

The direct line of sight distance from the satellite to the
first place imaged on the ground. This is calculated
using two-way round-trip time of the radar pulse from
the satellite to the ground.

Single Look Complex.

One pass of the satellite over a ground station. Since
the satellite was constantly imaging and sending
telemetry packets, a datatake will contain a contiguous
swath of radar echoes from the ground.

SyncPrep 6.6.10 (SKY © 2013 Vexcel Corporation).
Software used to byte-align raw data read from tapes.

The highly automated communications process by
which measurements are made and other data
collected at remote or inaccessible points and
transmitted to receiving equipment for monitoring.
Telemetry is used by manned or unmanned spacecraft
for data transmission. In practice, satellite telemetry
data comes in discreet data packets. For Seasat, these
are referred to as "minor frames," each of which
comprises 1180 bits of data.

Two Line Element giving the Keplerian elements
necessary to calculate the orbital path of a satellite.



Seasat - References

Topic
General

General

General

General

General

General

General

General

General

General

General

General
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The Alaska Satellite Facility was tasked by NASA with creating a digital archive of
focused synthetic aperture radar (SAR) products from data collected by NASA's

Seasat mission.

roi2img
.img, .meta

The basic steps involved in this process are as follows:

N O NN

Seasat Processing Project Data Flow: (illustration) Starting with raw signal data on
tapes, the Seasat data was successively (1) captured to disk, (2) validated and byte-
aligned, (3) decoded, (4) cleaned of bit errors and discontinuities, (5) focused into

Capture the raw signal data from tape onto disk

Validate and byte-align the raw signal data

Decode the byte-aligned signal data into decoded raw swaths
Pre-process decoded raw swaths to create cleaned raw swaths

Focus cleaned raw swaths into individual single look complex (SLC)images
Create georeferenced ground range amplitude images from the SLC images

Package the georeferenced images into a distributable format
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SLC imagery, (6) processed into georeferenced ground range products, and(7)
packaged as HDFb5 with XML metadata. Step 2 was performed using the Vexcel
product SyncPrep. Step 5 was accomplished using the repeat pass interferometry
(ROI) package from JPL. All other steps utilized software developed in-house at
ASF.

The following sections tell the story of the data cleaning and product processingin
detail.

1. Raw Telemetry

2. Decoder Development

3. Decoded Data Analysis

4. Data Cleaning (Part 1)(Part 2)
5. Classification of Bad Data
6. Slope Issues

7. Cleaned Swath Files

8. Focusing Challenges

9. From Swaths to Products
10. Quality Issues

11. Data Product Formats

Written by Tom Logan, July 2013

Seasat - Technical Challenges - 1. Raw Telemetry

Seasat was not equipped with an onboard recorder, so in order to collect data
during the mission, three U.S. and two international ground stations downlinked
data from the satellite in real time: Fairbanks, Alaska; Goldstone, California; Merritt
Island, Florida; Shoe Cove, Newfoundland; and Oakhanger, United Kingdom.

The data were originally archived on 39-track raw data tapes. Years later, to ensure
the preservation of the data, those tapes were duplicated in 1988 and again in 1999.
During the second transcription, the raw telemetry data were transferred onto 29,
more modern SONY SD1-1300L 19-mm tapes. It is from these 13-year-old tapes that
ASF's online Seasat archive was obtained.
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An off-the-shelf SAR processor was not available to decode or process Seasat raw
telemetry data. However, ASF was able to use the Vexcel product SyncPrep to byte-
align the data captured from disk, validate that the data appeared to be Seasat SAR
data and estimate the bit error rate (BER) of the data. The BER provided insight into
how much of the original SAR data could be processed to products and how difficult
that process would be.

In the initial analysis of a 14 GB raw telemetry file, SyncPrep reported bit error rates
as high as 0.4, oras many as 1bitin 2.5 bitsin error. This extreme level of “bit rot”
persists for much of the Seasat archives and initially seemed to make much of the
data unusable. Only through concerted efforts over the course of a year were
approximately 90 percent of the Seasat SAR data able to be recovered.

1.1Minor Frames and Range Lines

The commercial product SyncPrep, used for much of the raw data ingest at ASF,
does not decode Seasat telemetry. So while SyncPrep will analyze the data, it will
not actually decode metadata or create the range lines needed for focusing the raw
data into SAR imagery. Accordingly, a decoder for Seasat raw signal data had to be
developed at ASF. First, though, an understanding of the telemetry data format was
required.

According to the Interface Control Document for Seasat, the telemetry stream is
organized into repeated 1,180-bit telemetry packets, referred to as minor frames.
Each minor frame begins with 40 bits of metadata followed by 1,140 bits of payload.
The exact subdivision of the minor frames is diagramed below:

First Bit Last Bit
1 242526 3233 4041 1180
Time
SYNC CODE Frame
and Payload
ooIIoIoIo001110110
1111100110101 11101101 I Number Stams
v
Fill Flag
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Seasat Raw Telemetry Format: (illustration) Seasat minor frames are comprised of
a 24-bit sync code, a 1-bit fill flag, a 7-bit frame number, 8 bits for time and status,
and 1,140 bits of payload. The sync code signifies the beginning of each minor
frame. The fill flag is supposed to be Twhen no valid data is being sent, O if the
payload is valid. The frame number allows for sequencing of minor frames and the
creation of range lines from them. The time and status bits encode several
metadata fields. Finally, the payload contains the actual data samples recorded by
the satellite.

The payload in each minor frame is only 1,140 bits. A complete range line of Seasat
data consists of the payload from 60 minor frames, each of which contains 228
samples of b bits each. So, in order to form range lines from the telemetry data, the
payloads from up to 60 minor frames needed to be combined.

Each minor frame number O denotes the start of arange line. Minor frame numbers
then increase until the start of the next range line, when they are reset to O.

Aside: Determining Data Size

The pulse repetition frequency (PRF) Rate Code and the Bits Per Sample are
required in order to determine the number of minor frames per range line. Seasat
had four PRF rate codes: 1: 1464 Hz, 2: 1540 Hz, 3: 1581 Hz, and 4: 1647 Hz. For the
entire mission, Seasat stayed with a PRF rate code of 4 and a Bits Per Sample of b.
This should result in 60 to 69 minor frames per range line according to the platform
specifications. ASF engineers found that no range line had more than 60 minor
frames; they always had either 59 or 60 minor frames. Thus, the output range lines
were sized using:

60 minor frames * 1,140 bits/frame * 1 sample/5 bits = 13,680 samples

Thus, 13,680 should be the final size of a single range line once it is decoded into
byte samples. For each such range line created, a set of 18 metadata values are also
generated.

44|Page



Sync | |Frame|Status| Payload

111.101 a valid
valid

26227 | 228
26 (227|228
263227 ) 228
26|227 | 228
26 (227|228
26 |227 ) 228
26|227 | 228
26 (227|228
26 |227 ] 228
26227 | 228
26227 | 228
26(227|328

111..101|F

11..202(1
111..202(1
111.101
111,101
111..202(1
111..101|a
111,101
—{iii.101
[ 211101
riii.1o1

valid
valid
valid
valid
walid
valid
valid
valid

w0 oo [~ e [ | [ Jea [

(8 [ [N (0 I [ PR T [ T N

N N N R N N N R R )

oo [ o fo oo | Joa |ea fon Jo Joa |eo

I I e e N N A Y T

e |en [en [eon e |en o |en fen |on e |en

=]

s |1

111..101
111..101

27| 228
27| 228
2241225226227 228
224(235)236]227) 228
224225236 (2327 | 228

oy 1 1 1 Y
ea fea s s |ea [ ™
o fo | | |
| | |
1 fen |en e |en

111..101
’7 111,.101] |
|— 111..101

y¥y ¥y ¥ ¥ ¥ ¥ ¥ l Y ¥ K

Range Line of Data

Range Line Creation: (illustration)Creation of a single range line of data requires
combining the payload from up to 60 minor frames in order. The 228 samples from
minor frame 0 go into the output range line first, followed by the 228 samples from
minor frame 1, those from minor frame 2, etc., until all minor frames for this range
line have been unpacked. When only 59 frames are in arange line, the remaining
13,680 samples of output for that range line are set to zero. Concurrent with data
sample unpacking, image metadata from the Time and Status bits in the first 10
minor frames are decoded and stored.

1.2 Subcommutated Header Fields

The time and status bits encode 18 metadata fields subcommutated in the first 10
minor frames of each range line, i.e. each of these fields need to be created using
certain bits from certain numbered minor frames. For example, the Last Digit of
Year can be found in bits 33-36 of minor frame 0, giving a range of values from 0-15.
Of course, this field should always be 8, as 1978 was the year Seasat was in
operation.

The metadata field Day of Year must be created using bits 33-37 of minor frame 4
as the lower-order 5 bits, and bits 37-40 of minor frame 5 as the higher order 4 bits,
giving a 9-bit value. Similarly, the MSEC of Day field is 27 bits long and constructed
from all or parts of the time and status bytes from minor frames 1-4. The following
table shows how each of the 18 metadata fields were created.
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TIME AND STATUS WORDS
Frame Bit Number
33 | 34 | 35 | 36 37 | 38 | 39 | 40
0 Last Digit of Year Station ID
1 27 MSEC OF DAY 2°
2 215 MSEC OF DAY 28
3 223 MSEC OF DAY 216
4 24 Day of Year 20 | 22¢ MSEC 224
5 23 Clock Drift 20 | 28 Day of Year 25
6 211 Clock Drift 24
7 O | Bits Per Sample @ | PRF Rate Code
8 Delay 10's Delay 1's
9 SDF/SCU Status I DEMOD Status
10> UNUSED

O - MFR Lock Bit: @ - No Scan Indicator Bit

DEMOD Status Bits
SDF/SCU Status Bits Bit 36 Time Gate
Bit 33 sSCU Bit 37 Local PRF
Bit 34 SDF Bit 38 Auto PRF
Bit 35 ADC Gain Bit 39 | PRF Lock
Bit 40 Local Delay

Time and Status Byte: (illustration) Locations of subcommutated metadata values.
Only minor frames 0 through 9 contain valid time and status words; in all other
minor frames, the time and status word is unused.

Field
Station Code

Last Digit of
Year
Day of Year

MSEC of Day

Clock Drift
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Definition

Signifies which ground
station collected the data
during the mission

Type
Constant

Last digit of the year Constant
Julian day of the year Rarely
Millisecond of the day Linear
Timing offset in Curve

spacecraft clock

Notes

5: Fairbanks, AK; 6: Goldstone,
CA; 7: Merrit Island, FL; 9: Oak
Hangar, United Kingdom; 10:
Shoe Cove, Newfoundland.
Should always be 8, since the
mission was in 1978

Since no datatakes could
possibly be more than a day,
this value will change at most
once in a datatake.

Should change consistently
throughout a datatake

Must be added to the other
times in order to get proper
spacecraft locations



Field Definition Type Notes

No Scan Unused Bit Field Unused

Indicator

Bits Per Sample Number of bits per data Constant Throughout the mission, this
sample value was always b

MFR Lock Bit  Unused Bit Field Unused

PFR Rate Code Pulse Repetition Constant Throughout the mission this
Frequency Code value was always 4, denoting a

PRF of 1647 Hz

Delay to Delay between sending Rarely Used to calculate the slant

Digitization pulses and when pulses range to the first pixelina
are listened for datatake

SCU Bit Unused Bit Field Unused

SDF Bit Unused Bit Field Unused

ADC Bit Unused Bit Field Unused

Time Gate Bit  Unused Bit Field Unused

Local PRF Bit  Unused Bit Field Unused

Auto PRF Bit Unused Bit Field Unused

PRF Lock Bit Unused Bit Field Unused

Local Delay Bit Unused Bit Field Unused

Metadata Fields in the Raw Data: (table) Eighteen fields of metadata can be
decoded for each range line created during decoding. There are 10 bit fields, four
fields that should be constant for a datatake, two fields that should change rarely,
and two fields that should change steadily.

Written by Tom Logan, July 2013

Seasat - Technical Challenges - 2. Decoder Development

Starting in the summer of 2012, ASF undertook the significant challenge of
developing a Seasat telemetry decoder in order to create raw data files suitable for
focusing by a synthetic aperture radar (SAR) correlator. In this case, that means
processible by ROI, the Repeat Orbit Interferometry package developed at Jet
Propulsion Laboratory. In addition to creating the range lines out of minor frames,
the decoder must interpret the 18 fields in the headers to create a metadata file
describing the state of the satellite when the data was collected.

The main challenges in decoding the raw telemetry were:
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Overcoming bit error problems

Properly forming major lines from a variable number of minor frames
Maintaining sync lock

Discovering sentinels marking data collection boundaries

PN s

2.1 Problems with Bit Fields

All10 of the bit fields proved to be unreliable, and, thus, with the exception of the fill
flag, they are ignored by all of the software developed during this project. This
section describes the ways in which the bit fields are unreliable.

Each Seasat minor frame contains 8 bits to record time and status. These bits
encode 18 metadata fields, subcommutated in the first 10 minor frames of each
range line. There are 10 bit fields, four fields that should be constant for a data take,
two fields that should change rarely and two fields that should change steadily.
Unfortunately, due to the high bit error rate (BER) of the telemetry data, even fields
that should be constant show high variability. The following plots, showing decoded
metadata values plotted over 800,000 range lines, drive home the enormity of the
bit error problems in these data.

Problems with Bit Fields

Bits per Sample

Bits Per Sample
T b S SN -

‘ra.wG_ho;bdam' using Ii:9 T

6 [+ R S RS S + + +

e LR TR RV S R — A L I »

o 100000 200000 300000 400000 S00000 GO0000 TO0000 800000
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This value should always be b, as the parameter never changed during the entire
Seasat mission.

PRF rate code

PRF rate code
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The PRF rate code should be a 4 for the entire mission, since this satellite parameter
never changed.

Last Digit of Year

Last Digit of YWear
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The Seasat mission occurred entirely in 1978, so the last digit of the year should
always be 8.

Station Code
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Station Code
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The Station Code should be a constant for any given datatake. 5: Fairbanks, Alaska; 6:
Goldstone, Calif.; 7: Merrit Island, Fla.; 9: Oak Hanger, United Kingdom; 10: Shoe Cove,

Newfoundland.
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For a given datatake, the day of year should change at most once, since any single
datatake cannot exceed even an hour in duration, much less an entire day.

Delay to Digitization

Delay to Digitization
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The delay to digitization parameterizes the time between emission of a pulse from
the satellite and recording of return echoes. Used to calculate the slant range to the
first pixel, the delay should change only a handful of times in any given raw data file
based upon changes in orbital altitude.

Clock Drift
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Clock Drift
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The spacecraft clock drift records the timing error of the spacecraft clock. This
should be a smoothly changing field, generally in the 2,000~ to 3,000-millisecond
range. It is not known how this field was originally created, only that it is vital in
getting reasonable geolocations for processed imagery.

MSEC

b2|Page



MSEC

1.4e+08 T T T T ] T
“raw0.headers™ using 16 4+
+ Laa L SR R + ng
4+ & 4 +
+ i +
1.2e+08 - & + " 1
+ o+ M- es ot
4 + A+ + -
+ W+ + + o+ T X
+ ¥ + + + ++ + +
18408 i + 4+ + + 4 A s -
R +
- +
+
?—.- il + + 4+ 4 e +
Ba+07 + + =3 Tl + g .
44 ! + - +
HE HH tE e f h—j - +
+ + - +
T P P N S T T TR +
+ +
Ga+07 # o o .

4a+07

2o+07

n i 4 b i I_ | ra—— + | 5
0 100000 200000 300000 400000 500000 600000 700000 800000

This field records the millisecond of the day when the data were acquired and should,
therefore, be a linearly increasing field with an exact slope of 1/PRF.

Given all of the fallout from these truly bizarre plots, it is no surprise that attempts to
use the fill flag quickly proved difficult; the bit errors are so pervasive that the field is
unreliable.

2.2 Determining Minor Frame Numbers

Several oddities in the raw data are exacerbated by the high BER. First, the data are
organized into 1,180-bit minor frames. This means that they are each 147.5 bytes
long. Although the .5 byte offset was easy to deal with, it turns out that sync codes
may actually appear at 147, 147.5, or 148 bytes from each other at seemingly random
places in the raw data file - a topic addressed in section 2.3

Moreover, a variable number of minor frames need to be combined to create a
single range line. Some lines contain 59 minor frames and some contain 60.
Considering that the frame number in the minor frames is only 7 bits, and no major
frame numbers exist in the telemetry, the “simple” task of finding the start of each
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major line was at times quite difficult. Synchronization codes can be either byte-
aligned or non-byte-aligned, and partial lines occur on a reqular basis. As a result,
the minor frame numbers eventually had to be determined by context.

The current frame number is determined using three previous minor frame
numbers and the next frame number — along with a handful of heuristics. For
example, if a gap is found in consecutive minor frame numbers, the following rules
are applied:

o If the next frame is 1and last was either 59 or 60, assume this is frame
zero
o Elseif(next_frame-last_frame)==2, put this frame in sequence
o Elseiflast two frames are in sequence, try to put this one in sequence
- If the last frame <59, put this in sequence - If the last frame was 59
and the last line was length 60, then this HAS to be frame zero since we
never have two length 60 lines in a row.
o Elseiflast2 and last3 framesare in sequence and last frame is 0, then
set thisframe to 1
o If we got to here, then we did not fix the error!
Even beyond these rules, additional checks for a bad frame number 0 and major
frames that spuriously showed more than 60 minor frames still had to be
performed.

Aside: Bit Errorsin Frame Numbers

Random bit errors in the middle of a line: In these decoded minor frame numbers, we
see thatlines 1, 2, 4 and 5 have no frame number errors; they are in sequence
starting from 1and going up to 59 or 60 by ones. Meanwhile, line 3 has 24 frame
numbersinarow thatarein error.

1) 000102 03 04 05 0 07 OB 091011 12 13 14 15 16 17 1A 19 20 21 22 29 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 36 40 41 42 43 44 85 44 97 40 49 50 51 5253 54 55 56 57 58 59 60
2] D002 03 04 0506 07 0R 05 10111213 14 1516 17 18 14 20 21 2223 .E-I.E>2L|2."2H 2 10?1 uﬂ 3435 36 ITIR A6 40 4142 43 44 45 44 47 40 39 50 51 5253 54 55 5657 550
3] 000102 03 04 05 0607 0B 09101112 13 14 & 7054 70 66 74 7O 65 82 B2 7 a 070 7070 74 39 40 41 42 43 44 45 46 47 49 99 50 5152 53 54 55 56 57 5B 59 50
4] D01 02 03 04 05 0607 QB 091011121314 15 16171819 20212229 242>2u2.f2u 2*] fu:l'-n '-1211 435 36 mus-};un 4247 44 45 44 47 A0 49 50 51 5259 54 55 5657 A 59
5] 0001 02 03 04 05 0607 0B 0% 101112 13 14 15 16 17 1A 19 20 21 22 29 24 25 26 27 28 29 30 31 32 39 34 35 36 37 38 26 4041 42 43 44 85 44 a7 4049 50 51 5253 54 55 56 57 58 59 60

Partial lines: The first line is missing minor frames 5-9; the second line is complete;
the third line has repeated minor frames 15-19; and the fourth line is the decoder’s
attempt to enforce the fact that at most 60 minor frames form arange line. The
fifth line is missing minor frames 23-26; the sixth line is complete; the seventh line
has repeated minor frames 32-36; and, again, the eighth line is the decoder’s
attempt to enforce the fact that at most 60 minor frames form a range line.
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TP L2030 01112131415 1617181920 21 2223 24 20 2R 27 2E29 3031 3233 34 35 36 37 J0 30 40 41 42 43 44 45 40 AT 484950 51 52 53 54 Bh GO GV LESY

)R r2030405 0607 0091011121314 151617 TR IS 20 21 2223 24 2526 2T 28293031 3233 34 30 30 37 3B 354041 4243 44 4544 47 48 49 50 51 52 53 54 55 56 57 58 59 60
)R r20304 050607 0E0S 1011121314 15 1017 1R 19 15 16 1Y 1B 192021 2223 24 25 26 27 2R 29 500 31 323034 3536 37 383940 41 42 43 44 45 46 47 4B 4% 50 51 52 53 54
4] G5 5667 S50

Sl 20304050607 0E09 1011121314 151617 VA IS 20 21 22 2V 2B 293031 323334 3536 37 20 29 40 41 42 43 44 45 86 47 4899 50 51 52 53 54 548 56 57 58 5% 40

G BB G20I 08050607 0E09 1011121314 151617 WA IS 20 21 2223 24 2526 27 282930 31 3233 34 50 30 3V 3B 35 4041 4243 44 4544 47 4849 50 51 5253 54 55 56 57 LB 59
TR 20I04050607 OE0S 101112131415 1417 TR TG 20 21 2223 24 2526 2T 28 2930 31 32 39 24 30 20 323134 3536 3T 303940 41 42 43 43 A5 4B AT AR 45 50 51 52 5T B4 £S5

) 54 &7 5E 5960

Multiple lines of bit errors: This example shows how bad random bit errors can be,
even if no minor frames are actually missing. Incredibly, in five lines, 122 minor
frames are in error out of 298 total, giving a 40 percent error rate for these frame
numbers. Perhaps even more incredibly, the ASF Seasat decoder managed to fix all

of these frame numbers.
o Original non-fixed frame numbers:

110001 02 03 0405 060 08 0902 17 0913 14 14 16 17 TR 1S 2020 2203 24 25 1127 52 293015 32 3 9023 36 57 30 109 DB 41 50 34 44 45 46 47 4999 114 19 52 2
) 6 0102 15 12 05 06 05 08 24 10 11 08 13 20 06 24 21 161905 21 85 1924 09 1927 28 29 3015 32 33 3435 52 26 38 35 40 41 5043 108 1346 63 56 99 114 51 52
) 00 A5 00 03 21 05 06 0240 09 1111 0813 14 14 16 17 1819 04 20 22 23 24 25 11 303133 IITAI5 I6 160 109 0B 05 42 34 44 4146 473349 11
4] 64 0102 03 1205 1805 08 13 10 75 44 13 30 06 1617 1R 19 04 21 222324 09 19 27 52 29 3015 32 57 3 236 30 39 40 41 4343 44 09 46 63 4B 49 544
) 00 00 00 03 04 05 7002 08 25 02 11 12 13 14 15 16 17 23 1504 20 2207 24 25 1027 7396 37 38 103 09 41 58 34 44 45 44 47 4B 45 5019

1754 55 b4 57 SH Y A0
B4 55 1 57 GA 51
SRR

MISINIL I 10E

o Frame numbers fixed by the ASF Seasat decoder:

1000102030405 0607 0809 10111213 1415 1617 IR 1G20 20 2223 24 25 2427 24 2930031 32 33 24 35 36 37 3030 40 41 42 43 44 45 46 47 40 495051 52 53 54 B!
Z)On01 020304050607 B0 101112131415 1617 1B 192021 2223 24 25 26 27 28 29 30 31 32 33 3435 36 37 3839 40 41 42 43 44 45 3047 44 4950 51 52 53 54
3000102030405 A& AT 08 09 1011 1213 1415 16 17 1R 1S 2021 2223 24 25 26 27 M 29 30 31 32 T3 14 25 36 37 3030 40 41 42 43 44 45 4647 4H 495051 525154 Wi 5T B8 59 60
4]0001 020304050607 0B 09 101112131415 1617 1B 192021 2223 24 25 26 27 28 29 30 31 32 33 34 35 3637 3839 40 41 42 43 44 45 3647 40 49 50 51 5253 54 6 5T 58 59

510001 02030205 0607 0809 1011 1213 1415 161X 1B 1S 2021 2223 24 25 26 27 24 29 30031 32 23 24 I5 36 37 3039 40 41 42 43 44 45 44 47 40 40 5051 52 53 54 55 56 57 58 59 &0

G 57 58 59 &0
i 5T 58 59

2.3 Maintaining Sync Lock

One very important aspect of decoding telemetry data is maintaining a sync lock:
The decoding program must be able to find the synchronization codes that occur at
the beginning of each minor frame.

Early in the development of the decoder, it was determined that the sync codes are
just as susceptible to bit errors as the rest of the data. Initially, finding sync codes
required a considerable amount of searchingin the file, with the hope that no false
positives would be encountered. After much development and testing, it was
determined that in order to maintain sync lock, some number of bit errors had to be
allowed in the sync code. Therefore, the code was configured to allow 7 bit errors
per sync code out of 24 bits. Values less than this needlessly split datatakes(single
passes of data over a given ground station). Values greater than this showed too
many “false positive” matches for sync codes.
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As aresult of this extensive analysis, a pattern was determined in the location of
sync codes. That is, a byte-aligned, 147.5-byte frame followed by a non-byte-
aligned, 147.5-byte frame, repeated 14,217 times, followed by a single instance of a
147-byte frame. In code form:

if (read cnt == 28434) /* special case - only 147 byte frame here */
{ aligned = 2: read cnt = 0:}
elze | -
if (read cnt&2 = 0) /* read in 147.5 byte aligned frame */
{ aligEed = 1; read cnt++; }
else J* read in 147.5 byte non-aligned frame */
{ aligned = 0; read cnt++; }

}

Once this pattern was established, most problems with locating sync codes were
abated.

2.4 Data Sentinel Values - Breaking Datatakes

The next problem involved bad sections of data that defied attempts to match
frame numbers. The only solution is to break the datatake into multiple pieces,
closing the current output file when problems arise, and creating a new output file
when sync is regained. This is much like what SyncPrep does, except that the ASF
decoder has to be more stringent in its rules for maintaining sync since it must be
able to properly build range lines in addition to just finding sync codes.

In addition to losing sync lock as a result of BER, two additional cases arose that will
break a datatake into segments: either 60 occurrences of the fill flag in a row, or
the repeated occurrence of frame number 127. The fill flag is a valid field but is so
unreliable it can only be trusted to be correct after many consecutive hits. The
frame number 127 showed to be a sentinel for no data; it occurred thousands of
times in areas where no valid SAR data was being collected. Either of these
happenings will also cause the ASF Seasat decoder to close the current output file
and create a new one.
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2.5 Results of Decoding

seasat_decoder:

. Decode raw signal data into unpackaged byte signal data(.dat file)
« 13680 unsigned bytes of signal data per line
« File size is aways lines * 13680 bytes in length
« Decodes all headers to ASCII(.hdr file)
e 20 columns of integer numbers per line
o Oneline entry perline of decoded signal data
« Additional Features:
o Allows both byte aligned and anon-byte aligned minor frames
o Deals with variable length lines, partial lines
o Fixesframe numbers from context if possible
o Creates one or more output files per input based on sentinels
o Assembles headers spread across 10 minor frames

In spite of all of the challenges and problems in the raw data, the ASF Seasat
decoder is able to decode raw telemetry SAR data. Using five frame numbers in
sequence and a handful of heuristics, telemetry data is decoded into byte-aligned,
8-bit samples. Concurrently, all of the metadata stored in the headers is decoded
and placed in an external file.

The current strategy tried to err on the side of only allowing valid SAR data to be
decoded. Still, 7-bit errors had to be allowed in a sync code match to even get
through the raw data. In addition, the decoded header information is simply not
reliable. For example, early in development, the ASF Seasat decoder broke one 7-
GB chunk of raw data into 24 segments of decoded data, dumping a header at the
beginning and ending of each segment. Analysis of the decoded times in these
headers showed that of the 48 dumped, 3 were completely zero and an additional 12
were in error. In other words, the decoded times did not make sense in context with
the surrounding time values.

Thus, even after completing the decoder development with bit error tolerance,
frame number heuristics, proper sync code detection, and known sentinel values
for good data boundaries, the decoded Seasat archives were still nearly unusable in
any reliable fashion.
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Process Stage #Files Size (GB)

Capture 38 2610
SyncPrep 1840 2431
Original Decoded 1470 3585

Initial Data Recovery: (table) 93 percent of the data captured from tape made it
through SyncPrep; Approximately 92 percent of that data was decoded (assuming a
1.6-expansion factor).

Aside: ASF Tape Archive File Names

When the tapes were captured onto disk, files were named based upon tape
number and section of tape read. For example, the first part of tapel was initially
named SEASAT _tapel_01Kto287K.

This file was run through SyncPrep, which created multiple subfiles based upon its
ability to maintain a sync lock, sometimes creating over 100 such numbered files,
e.q. SEASAT _tapel_01Kto0287K.000 to SEASAT _tape1_280Kto668K.020

Next, the files go through the ASF Seasat decoder, gaining yet another subfile
number, but the prefix “SEASAT_" is removed. Note that this stage creates afile
pair of {.dat, .hdr}, e.q. tape1_01Kt0287K.018_000, tapel1_01Kt0287K.018_001, and
tapel_01Kto287K.018_002 file pairs were all created from a single decode of
SEASAT _tapel_280Kto668K.018.

Thus, for a single captured file, SyncPrep could make tens to a few hundred data
segments, while the ASF Seasat decoder could break each of these files into even
more sub-segments.

Written by Tom Logan, July 2013

Seasat - Technical Challenges - 3. Decoded Data Analysis
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With the Seasat archives decoded into range line format along with an auxiliary
header file full of metadata, the next step is to focus the data into synthetic
aperture radar (SAR)imagery. Focusing is the transformation of raw signal data into
a spatial image. Unfortunately, pervasive bit errors, data drop outs, partial lines,
discontinuities and many other irreqularities were still present in the decoded data.

3.1Important Metadata Fields

In order for the decoded SAR data to be focused properly, the satellite position at
the time of data collection must be known. The position and velocity of the satellite
are derived from the timestamp in each decoded data segment, making it
imperative that the timestamps are correct in each of the decoded data frames.

Slant range is the line of sight distance from the satellite to the ground. This
distance must be known for focusing reasons and for geolocation purposes. As the
satellite distance from the ground changes during an orbit, the change is quantified
using the delay-to-digitization field. During focusing, the slant range to the first
pixel is calculated using these quantified values. More specifically, the slant range
to the first pixel (srf)is determined using the delay to digitization (delay), the pulse
repetition frequency (PRF)and the speed of light (c):

delay
(52) +9 .

srf = 5

It turns out that the clock drift is also an important metadata field. Clock drift
records the timing error of the spacecraft clock. Although it is not known how this
field was originally created, upon adding this offset to the day of year and
millisecond of day more accurate geolocations were obtained in the focused
Seasat products.

Finally, although not vital to the processing of images, the station code provides
information about the where the data was collected and may be useful for future
analysis of the removal of systematic errors.
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3.2 Bit Errors

It is assumed that the vast majority of the problems in the original data are due to
bit errors resulting from the long dormancy of the raw data on magnetic tapes. The
plotsin section 2.1 showed typical examples of the extreme problems introduced by
these errors, as do the following time plots.

Bit Errors

It is assumed that the vast majority of the problems in the original data are due to bit
errors resulting from the long dormancy of the raw data on magnetic tapes. The plots
in section 2.1 showed typical examples of the extreme problems introduced by these
errors, as do the following time plots.

1,2e+08 v r T T T r +
“dataset_001_001,hdr" using 1;6  +

le+0@ |

Be+(7 |

Be+07 |

4e+07 SR R R

2e+07 | N

{;l i i i A i i i

0 5000 10000 15000 20000 26000 Z0000 E’:EIIJD 40000

Time Plot: Very regular errors occur in much of the data, almost certainly some of
which are due strictly to bit errors. Note that this plot should show a slope, but the
many errors make it look flat instead.
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1.4e+08 T T T T T

"dataset_001_002, hdr" using 136+
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1e+08
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2e+07

ﬁ + o+ + # e + + + =+ o+ +
0 i i i i A1 i i i i

0 50000 100000 150000 200000 250000 300000 350000 400000 450000 500000

Time Plot: This plot shows a typical occurrence in the Seasat raw data: Some areas of
the data are completely fraught with random errors; other areas are fairly “calm” in
comparison.

3.3 Systematic Errors in Timing
Beyond the bit errors, other, more systematic errors affect the Seasat timing
fields. These include box patterns, stair steps and data dropouts.

To top off the problems with the time fields, discontinuities occur on a regular basis
in these files. Some files have none; some have hundreds. Some discontinuities are
small — only a few lines. Other discontinuities are very large — hundreds to
thousands of lines. Focusing these data required identifying and dealing with
discontinuities.
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Systematic Errors in Timing

v 7ALL_ORIGIMAC_HERDER/tapel5_0HtoB79K 04 h e
J;ptu_Fixad_taPe “LiKtg -,

-

Box errors

8. 78=+06
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B.74e+06

B.72e+06 F

8.7e+(b |
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B.64e+06

0 50000 100000 150000 200000 250000

Box Errors: Regular patterns of errors occurred in many datatakes. This is most likely
the result of faulty hardware either on the platform or ground station. Note this plot
also shows the cleaned times in green. See the next section for details on how this
was accomplished.

Stair Steps
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Stair Steps: This plot shows a small section of time data from lines 218500-218700 of
one Seasat header file. Readily obvious are some random bit errors and the fairly
typical “stair step” error. It is assumed that the stair steps are the result of a sticking
clock either on the satellite or in the receiving hardware.

Data Dropouts
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Data Dropouts: In some areas of the decoded headers, plots look almost empty
because so many errors occur locally. This plot shows extreme dropout in the area of
a discontinuity, which is a typical occurrence.

Forward Time Discontinuity

B4|1Page



1,54832e+07 . . .
® "raud headers” using 136 -

1.54831e+07 -

e
e i A

1,5483e+07 b gt e e A et e ) p

1.5482%e+07 | -

1,54928e+07 .

1.54827e+07 | A J

R
e

1,54826e+07 . 4 4
446100 446120 446140 44B160 44B180 446200

Forward Time Discontinuity: A jump forward in time is a fairly regular occurrence in
the Seasat raw data decoded at ASF.

Backward Time Discontinuity
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Backward Time Discontinuity: A very large backward time discontinuity.

Double Discontinuity
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Double Discontinuity: This file shows a very uncommon occurrence - a backward
time discontinuity followed by a forward time discontinuity. There is currently no
known explanation as to how this may have happened, outside of some sort of tape
transcription error.

Time Discontinuity
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Time Discontinuity: Once again, this plot shows a large backward discontinuity along
with regular bit errors and systematic errors.

Aside: Initial Data Quality Assessment

Of the 1,470 original decoded data swaths

« Datasets with Time Gaps(>5b msec): 728

o Largest Time Gap: 54260282

o Largest Number of GapsinaSingle File:1,820

o Number of files with stair steps: 295

o Largest percentage of valid repeated times: 63%

o Number of files with more than one partial line: 1,170
» Largest percentage of partial lines: 42%

o Number of files with bad frame numbers: 1,470

o Largest percentage of bad frame numbers: 17%

Seasat - Technical Challenges - 4. Data Cleaning (Part 1)
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In order to create a synthetic aperture for a radar system, one must combine many
returns over time. For Seasat, a typical azimuth reference function — the number of
returns combined into a single focused range line — is 5,600 samples. Each of these
samples is actually a range line of radar echoes from the ground. Properly
combining all of these lines requires knowing precisely when a range line was
received by the satellite.

In practice, SAR systems transmit pulses of energy equally spaced in time. This
time is set by the pulse repetition frequency (PRF); for Seasat, 1,647 pulses are
transmitted every second. Alternatively, it can be said a pulse is transmitted every
0.607165 milliseconds, an interval commonly referred to as the pulse repetition
interval or PRI. Without this constant time between pulses, the SAR algorithm
would break down and data would not be focused to imagery.

Many errors existed in the Seasat raw data decoded at ASF. As a result, multiple
levels of filtering were required to deal with issues present in the raw telemetry
data, particularly with time values. Only after this filtering were the raw SAR data
processible to images.

4.1 Median Filtering and Linear Regression

The first attempt at cleaning the data involved a simple one-pass filter of the
pertinent metadata parameters. The following seven parameters were median
filtered to pull out the most commonly occurring value: station code, day of year,
clock drift, delay to digitization, least significant digit of year, bits per sample and
PRF rate code. A linear regression was used to clean the MSEC of Day metadata
field. This logic is encapsulated in the program fix_headers, which is discussed in
more detail in “Final Form of Fix_Headers."

Implementing the median filter was straightforward:

1. Read through the header file and maintain histograms of the relevant
parameters.

2. Use the local median value to replace the decoded value and create a
cleaned header file. Here “local” refers to the 400 values preceding the
value to be replaced.

This scheme works well for cleaning the constant and rarely changing fields. It also
seems to work quite well for the smoothly changing clock drift field. At the end of
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this section are the examples from “Problems with Bit Fields,” along with the
corresponding median-filtered versions of the same metadata parameters. In each
case, the median filter created clean usable metadata files.

Performing the linear regression on the MSEC of Day field was also straightforward.
Unfortunately, the results were far from expected or optimal. The sheer volume of
bit errors combined with discontinuities and timing dropouts made the line slopes
and offsets highly variable inside a single swath. These issues will be examined in

the next section.

Table of Filtered Parameters

Parameter

station_code

day_of_year

clock_drift
delay_to_digitization
least_significant_digit_of_year
bit_per_sample

prf_rate_code

msec_of_day

Edit

Data Cleaning Examples

Data Cleaning Example
Station Code

701Page

Filter Applied
Median
Median
Median
Median
Median
Median
Median

Linear
Regression

Value

Constant per datatake
Varies

Varies

Varies

8

5

4

Varies


https://asf.alaska.edu/wp-admin/admin.php?page=tablepress&action=edit&table_id=118

Data Cleaning Example
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Data Cleaning Example

Station Code
6.06 T T T T

T T
“new.headers” using 1:3  +

6.04 -
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Seasat - Station Code - New Headers
Day of Year
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Data Cleaning Example

Day of Year
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Data Cleaning Example

Day of Year
216.5 T T T T

T T
“new.headers” using 1:5
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Last Digit of the Year
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Data Cleaning Example

Last Digit of Year
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Data Cleaning Example

Last Digit of Year
8.08 T T T T

T T
“new.headers” using 1:4  +
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Data Cleaning Example

Clock Dritt
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Data Cleaning Example
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Data Cleaning Example

Bits Per Sample
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Data Cleaning Example

Bits Per Sample
5.05 T T

] T
“new.headers” using 1:9
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Data Cleaning Example

PRF rate code
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Data Cleaning Example

PRF rate code
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Data Cleaning Example

Delay to Digitization
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Data Cleaning Example

Delay to Digitization
13— T T T T

T T
“new.headers” using 1:12  +
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0 100000 200000 300000 400000 500000 600000 700000 800000

Seasat - Delay to Digitization - New Headers

4.2 Time Cleaning

Creating a SAR image requires combining many radar returns over time. This
requires that very accurate times are known for every SAR sample recorded. In the
decoded Seasat data, the sheer volume of bit errors, combined with discontinuities
and timing dropouts, resulted in highly variable times inside a single swath.

4.2.1Restricting the Time Slope
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One of the big problems with applying a simple linear regression to the Seasat
timing information was that the local slope often changed drastically from one
section of a file to another based upon bit errors, stair steps and discontinuities.
Since a pulse is transmitted every 0.607165 milliseconds, it seemed that the easiest
way to clean all of the MSEC times would be to simply find the fixed offset for a
given swath file and then apply the known time slope to generate new time values
for a cleaned header file.

This restricted slope regression was implemented when it became obvious that a
simple linear regression was failing. By restricting the time slope of a file to be near
the 0.607-msec/line known value, it was assumed that timing issues other than
discontinuities could be removed. The discontinuities would still have to be found
and fixed separately in order for the SAR focusing algorithm to work properly.
Otherwise, the precise time of each line would not be known.

4.2.2 Removing Bit Errors from Times

fix_time

Crude time filtering, trying to fix all values that are > 513 from local linear trend:
Bit fixes - replace values powers of 2 from trend

Fill fixes - fill gaps in constant consecutive values

Linear fixes - replace values with linear trend

Reads and writes a file of headers

Even with linear regressions and time slope limitations, times still were not being
brought into reasonable ranges. Too many values were in error in some files, and a
suitable linear trend could not be obtained. So, another layer of time cleaning was
added as a pre-filter to the final linear regression done in fix_headers. The
program fix_time was initially created just to look for bit errors, but was later
expanded to incorporate each of three different filters at the gross level(i.e. only
values > 513 from a local linear trend are changed):

1. If the value is an exact power of 2 off from the local linear trend, then add
that power of 2 into the value. This fix attempts to first change values
that are wrong simply because of bit errors. The ideais that thisisa
common known error type and should be assumed as the first cause.

2. Elseif the value is between two values that are the same, make it the
same as its neighbors. This fix takes advantage of the stair steps found
in the timing fields. It was only added in conjunction with
the fix_stairs program discussed below. The idea is to take advantage
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of the fact that the stair steps are easily corrected using the known
satellite PRI.

3. Elsejustreplace the value with the local linear trend. At this point, it is
better to bring the points close to the line than to leave them with very
large errors.

4.2.3 Removing Stair Steps from Times

fix_stairs

Fix for sticky time field - Turns “stairs”into “lines” by replacing repeated
time values with linear approximation for better linear trend

Reads and writes a file of headers

For yet another pre-filter, it was determined that the stair steps time anomaly
should be removed before fitting points to a final linear trend. This task is relatively
straightforward: If several time values in a row are the same, replace them with
values that fit the known time slope of the satellite. The program fix_stairs was
developed to deal with this problem.
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11534423*0?

1.53442e+07 b

1,53442e+07

1,53441e+07

1,53441e+07 |

1.53441e+07

"neuest.headera“'uaing 1:6 -

“tmpl,headers” using 136
"rawl headers" using 16 =

1,53441e+07 pemrmemsmesmeermes

1,53441e+07 |

218100

218120 218140

218180

218180

Extreme Stair Step: raw0.headers (blue) are the original unfiltered MSEC time
values; newest.headers (red) shows the result of fixing the “stairs” that result from the
sticky clock, presumably an artifact of the Seasat hardware, not the result of bit rot,

transcription or other errors

4.2.4 Final Form of fix_headers

fix_headers

« Miscellaneous header cleaning using median filters:

Station Code

Least Significant Digit of Year

Day of Year

Clock Drift

Bits Per Sample
PRF Rate Code
Delay to Digitization

« Time Discontinuity Location and Additional Filtering
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o Replace all values > 2 from linear trend with linear trend
« Locates discontinuities in time, making an annotated file
for later use.
o b5bad values with same offset from trend identity
a discontinuity
« +ldiscontinuity is forward in time and can be
fixed
« if>4000, too large - cannot be fixed
« otherwise, slide time to fit discontinuity
. if offset>b time values, save this discontinuity in
a file
« -ldiscontinuity is backwards in time and cannot be fixed
o Reads and writes a file of headers

Although it started out as the main cleaning program, fix_headers is currently the
final link in the cleaning process. Metadata going through fix_headers has already
been partially fixed by reducing bit errors, removing stair steps, and bringing all
other values that show very large offsets into a rough linear fit. So in addition to
performing median filtering on important metadata fields (see section 4.1), this
program performs the final linear fit on the time data.

Initially, a regression is performed on the first window of 400 points and used to fix
the first 200 time values of that window. Any values that are more than 5 msec from
their predecessors are replaced by the linear fit. After this, a new fit is calculated
every window/2 samples, but never within 100 samples of an actual discontinuity.

The final task for fix_headers was to locate the rough locations of all real
discontinuities that occur in the files. At least, it was designed to only find real
discontinuities - those being the final problem hindering the placement of
reasonable linear times in the swath files.

ldentifying discontinuities was challenging. Much trial and error resulted in a code
that worked for nearly all cases and was able to be configured to work for the other
cases as well. The basic ideais that if a gap is found in the data, and if after the gap
no other gaps occur within b values, then it is possible that a discontinuity exists. If
so, the program determines the number of lines that would have to be missing to
create such a gap and records the location and size in an external discontinuity file.
Note that only forward discontinuities can be fixed in this manner and only
discontinuities less than a certain size. In practice, the procedure attempts to
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locate gaps of up to 4,000 lines, discarding any datasets that show gaps larger than
this.

' *tapelh_BRNLaETTY, 000_000 hdr* using 116

77653111 :
1

750007 | : -
I
1
1
I
1

- 5.315 hours i
(19133756ms) |
:
]
1

6507 |- : |
1
1
I
1
i
1

07 | : -

. ..) 58519355
124000 126200 12430 12440 124500 124500 124700

Extreme Discontinuity: This decoded signal data shows a 5.3-hour gap in time. This cannot
be fixed.

In the end, all of the gaps in the data were identified, and, there is high confidence
that any such discontinuities found are real and not just the result of bit errors or
other problems. Unfortunately, this method was not able to pinpoint the start of
problems, only that they existed, as shown in the following set of graphs.

Set of graphs
Decoded Signal Data with No Y-range Clipping
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Cuba Close Up &7

1,4e+08 T T T r r T
‘cuba,headers” using 116+
* - HE+ 4+ H 4+ o+ +
1.2e+08 | 1
1e+08 |
Be+07 |
Ge+07 | . + o]
[ Rt - R e T R et TS i HHi
gty i 4 PN
43_”‘_}:? L 4ok S & * & * &
+ 4 + ++ +t et 4 +
2e+07 |
.‘:l . A i L i A A
123350 123400 123450 123500 123550 123600 123650 123700

Decoded Signal Data with No Y-range Clipping: As usual, if all times from a metadata
file are plotted, there are so many errors that the time line looks flat even though it
must have a slope around 0.607 by definition. From this plot, it is not obvious that this
data even has a discontinuity, much less what the location may be.

Decoded Signal Data with Y-range Clipping
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5. 753e+(7 T r T r T r
“cubaheaders” using 1:6

5, M0299e+07

5.79298e+07

5, 76238e+07 _r

5,75298e+07

L

5, 75297e+07 k- : : : ; . :
123350 123400 123450 123500 123550 123600 123650 123700

Decoded Signal Data with Y-range Clipping: When a specific section of the time
values are plotted, a clearer picture emerges. The data show dropouts, bit errors and
a discontinuity

Linear Trend of Decoded Signal Data
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5, 53e+(7 T T T T

"neu.ﬂeaders' uslnh 1:6 -

B.75299e+07

L
1

L
L

5,75238e+(7

B, 75298e+07

L
1

5,75238e+(7

L
L

B, 75297e+(7 . L . . . .
123380 123400 123450 122500 123550 122600 123650 123700

Linear Trend of Decoded Signal Data: This graph shows the bad time values being
replaced by good values using the linear trending technique employed by fix_headers.

Comparison of Decoded Signal Data and Linear Fit
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"cuba,i:-eaders" usm.g 1:6 -
"new,headers" using 1:6
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e
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Comparison of Decoded Signal Data and Linear Fit: In this plot, it is visually obvious
that the linear trend is not switching over for some 350 lines past where it should.
But, given how sparse the reasonable data is from 123400 to 123680 or so, it was not
clearif it would ever be feasible to get this correct algorithmically.

False Discontinuity #1
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1.53266e+07

1,5326%5=+07 |

1,53265e+07 F

1,5326%5e+07 |

1.53265e+07 |

1,5326%5e+07 |

1.53264e+07 |

1,.53264e+07 |

“raul, headers" using 1:6
“stair_fix,headers" using 1:6
“newest  headers” using 1:6

1,53264e+07
183000

153050

183100

139150

183200

False Discontinuity #1: Due to high BER, the search program faced many challenges
like this, in which a forward discontinuity was “found,” followed closely by a reverse

discontinuity. The problem was overcome only after much trial and error with

processing parameters.

False Discontinuity #2
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1,5339e+07 T
“rawl, headers” using 116
"time_fix,headers" using 1:6
“newest  headers” using 1:6 =
1.5339+07 F -
1,53399e+07 b . e .
1,53338e+07 | .
1.53388e+07 | =
MWMFMM
’ “‘."___':__--""' =
e -
1.533882+07 | et ]
-
1,53387e+07 . . . s
203300 203320 209340 209360 209380 203400

False Discontinuity #2: Another example of a false discontinuity “discovered” by the
ASF cleaning software. Because no reverse time discontinuities can be fixed, this file
initially had a false discontinuity inserted. The problem was overcome only after
much trial and error with window sizes, gap lengths, gap shifts allowed and other
processing parameters.

4.2.5 Removing Discontinuities

dis_search
. fixall time discontinuities in the raw swath files
. foreachentryin previously generated discontinuity file:
« search backwards from discontinuity looking for
points that don't fit new trend line
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« when 20 consecutive values that are ont within
1.5 of new line are found, you have found start of
discontinuity
o Forlength of discontinuity
« Repeat header line in .hdr file (fixing the
time only)
o Fill .dat file with random values
« Reads discontinuity file, original .dat and .hdr file, and
cleaned .hdr file. Creates final cleaned .dat and .hdr file
ready for processing

The first task in removing the discontinuities is locating them. The rough area of
each real discontinuity can be found using the fix_headers code as described in the
previous section.

Finding the exact start and length of each discontinuity still remains to be done.
This search and the act of filling each gap thus discovered is performed by the
program dis_search. The discontinuity search is performed backward, with 3000
lines after each discontinuity area being cached and then searched for ajump down
in the time value to the previous line. These locations were marked as the actual
start of the discontinuity. The gap in the raw data between the time before the
discontinuity and the time after must then be filled in. Random values were used for
fill, these being the best way to not impact the usefulness of the real SAR data.

ARkl
AARIE

ARAEIRD

ARl a

ARAEIED - -l-f

ol ol Ly AR BadRa Hs aN bl Jaaaa e s

Discontinuity Fills: Each plot shows range line number versus MSEC metadata value.
Original decoded metadata is spotty and contains an obvious time discontinuity.
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Discontinuity Fills: Each plot shows range line number versus MSEC metadata value.
After the discontinuity is found and corrected, linear time is restored.

Seasat - Technical Challenges - 4. Data Cleaning (Part 2)

4.5 Prep_Raw.sh

After development of each of the software pieces described previously in this
section, the entire data cleaning process was driven by the program prep_raw.sh.
This procedure was run on all of the swaths that were output from SyncPrep to
create the first version of the ASF online Seasat raw data archive (the fixed_ files).
Analysis of these results is covered in the next section. What follows here are
examples of the prep_raw.sh process and intermediate outputs.
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Time Filtering in Stages: Each plot shows range line number versus MSEC metadata
value. Top row is before filtering; bottom is after. From left to right: (a) Stage 1—
attempt to fix all time values > 513 from the linear trend. (b) Stage 2 — fix stair steps
resulting from sticking clock on satellite. (c) Stage 3 — final linear fix before
discontinuity removal.

Data Set #1

Data Set #1

Decoded Signal Data
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1.5344%e+07

1,53444e+07

Ll

1.53444e+07

L]

" dataset000_000, hdr" using 1:6 =

1,53444e+07 } . .
e
-""ﬁ
1,53443e+07 . . .
218500 218550 218600 218650

Data contain lots of bit errors, dropouts and stair steps.

Time Gap Corrections
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1,5344%e+07

1,53444e+07

1.53444e+07

1,53444e+07

1,53443e+07

218500

"datasetﬂﬂo_ﬂﬂﬂ:hdr“ using 1:6 =«
“dataset000_000_time,hdr" using 1:6

218550

218600 218650

218700

Time Gap Corrections: A few large bit errors and some fill fixes have been applied.

Stair Corrections
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1.5344%5e+07 T T T
"dataset000_000_time, hdr” using 1:6 -
“datazetO00_000_stair hdr” using 1:6
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Stair Corrections: A few of the stairs in this image have been partially corrected.

Data Set #2

Data Set #2

Decoded Signal Data
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1.5344%e+07 T

1,53444e+07

" dataset000_000, hdr" using 1:6

__\:"
1.53444e+07 b . 4-#*": - . -
1,53444e+07 b T e e v v .
HM# o
1,53443e+07 . . .
213500 218550 218600 21 BE%0

218700

This shows a typical discontinuity situation. The data at the crossover from before
to after the gap is spotty, filled with bit errors and dropouts. (Image is identical to

seasat_decoded_signal_data_1)

Time Gap Corrections

102|IPage



1,54225e+07 r T

"dataset000_000, hdr" using 1:6 -
"dataset000_000_time,hdr” using 1:6 -

1.54224e407 | - /

1.9422%e+07
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1,54217e+07 L L L L
F4p000 34200 34B400 346600 346800 247000

Time Gap Corrections: Gaps in the data have mostly been filled in. Some are
incorrect - particularly the green values that match the lower line but are on the
right side of this plot.

Stair Corrections
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1,542256+07 . : : :
® "dataset000_000_tine hdr" using 136 -

"datazet000_000_stair hdr" using 1:6 -

1.54224e+07 /

1,54223e+(7

1.54222e+07

1,54221e+07

1.5422e+07

1,54219e+(7

1,54218e+07

1,54217e+07 . . L .
346000 346200 346400 346600 346300 347000

Stair Corrections: Since no stair step anomaly exists in this data, there is no visual
change here.

Linear Time Restored
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1,54225e+(7 r T

"datasetlflm_om_sl;air.h#“' using 1:6 -

“fixed_dataset000_000,hdr" uwsing 136 -
1.54224e+07 | - -
1,5422%e+07 b - f"' -
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1,54219e+07 E
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1,54217e+07 L . . .
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Linear Time Restored: After the discontinuity is filled, linear time is restored in this
file.

Decoded Time Data from Section 2.1 Examples
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Cleaned Time Data from 2.1 Examples

MSEC

1.85e+07 T
new.headers™ using 1.6 +

1.55e+07

1.52+07 [

1452407 - 4

T

1.4e+07

1.35e+07

0 100000 200000 300000 400000 500000 600000 700000 800000

4.4 Results of Prep_Raw.sh
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By November 15, 2012, the beta version of prep_raw.sh was delivered to ASF
operations. It was run on individual swaths at first, with results spot-checked. Once
confidence in the programs increased, all remaining Seasat swaths were processed
through this decoding and cleaning software en masse. Overall, from the 1,840 files
that SyncPrep created, 1,470 were successfully decoded, and 1,399 of those made it
through the prep_raw.sh procedure to create a set of fixed decoded files. The files
that failed comprise 242 GB of data, while 3,318 GB of decoded swath data files
were created.

Processing Stage #files Size (GB)
Capture 38 2160
SyncPrep 1840 2431
Original Decoded 1470 3585
Fixed Decoded 1399 3318
Good Decoded 1346 3160

Bad Decoded 53 157

Summary of Data Cleaning

93% of data made it through SyncPrep

92% of that data decoded (assume 1.6 expansion)
93% of that data was “fixed”

95% of that data considered “good”

OVERALL: ~80% of SyncPrep’'d data is “good”

Reasons for Failures

o SyncPrep: Not all captured files could be interpreted by SyncPrep

o Original Decoded: Because the decoder needs to interpret the
subcommutated headers, it is more stringent on maintaining a “sync
lock” than SyncPrep
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o Fixed Decoded: Some files are so badly mangled that a reasonable
time sequence could not be recovered

o Bad Decoded: Several subcategories of remaining data errors are
discussed in section b

4.5 Addition of fix_start_times

During analysis of the fixed metadata files, it was discovered that bad times
occurred at the beginning of many files. This problem was not a big surprise; the
nature of the sync code search is such that many errors occur in places where the
sync codes cannot be found. This is why the files were broken in the first place. So,
it is expected that the beginning of a lot of the swath files will have bad metadata,
which means bad times. When bad times are linearly trended, the results are
unpredictable.

Bad Start Time Examples

Bad Start Time Examples
1.6e+007 . . .

| | | | |
"fixed_tape3_01Kto455K.025_000.hdr" using 1:6  +

1.4e+007

1.2e+007

le+007

Be+006

Ge+006

Time (msec of day)

4e+006

2e+006

U | 1 1 | | | | |
0 100000 200000 300000 400000 500000 600000 700000 800000 90000C
Line Number
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Bad Start Time: Many of the bad start times can be readily observed in plots. In this case the
trend started at zero time with a huge slope. It is not until after the first window of data that a

reasonable line is found to fit the data.
487022407 :

' “fixed_tape9_01Kto598K_EOD.009_000.hdr" using 1:6  +

4.87e+07 | y
4.8698e+07 | -
4.8696e+07 | 4
4.8694e+07 -
4.8692e+07 - 4

4.869e+07 | ._

4.8688e+07 . : : : . '
(V] 2000 4000 6000 8000 10000 12000 1401

Bad Start Time: In this case, a reverse time slope is shown at the start of the file.
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1e+008 T T 1 1 T T T
"fixed_tapel6_620Kto677K.017_000.hdr" using 1:6 +

Se+007 .

o 4
-5e+007 |-
-le+008 |-

-1.5e+008 |-

-2e+008 -

Time (msec of day)

-2.5e+008 -

-3e+008

-3.5e+008 -

-4e4008 1 1 1 1 1 1 |
0 2000 4000 6000 8000 10000 12000 14000 16000

Line Number

Bad Start Time: In this extreme case, a reverse time slope resulted from bad linear trending at
the start of this file and continued in error for the entire rest of the file.

To fix this problem, yet another level of filtering was added to the processing flow -
this time a post-filter to fix the start times. The code fix_start_times replaces the
first 5,000 times in a file with the linear trend resulting from the next 10,000 lines in
the file. This code was added as a post-processing step to follow prep_raw.sh and
run on all of the decoded swath files.

1M0IPage



SyncPrep (Vexcel)
« Byte align captured files

Prep_raw.sh (ASF)

* Decode raw data; median filter metadata; fill
discontinuities

fix_start_times (ASF)
» fix start times

Final Processing Flow: (illustration) With the addition of the fix_start_times code,
the processing flow for data decode and cleaningis finally completed.

Fixed Start Time Examples

Fixed Start Time Examples
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£,60495e+07 T T

"tape26,012_000,hdr" using 116 -
- “Fixed_tapelb,012_000 hdr" using 1i6 -
- “new_fixed_tapeZB,012_000 hdr" using 16 =

6.6049e+07

E.E0485e+07

6.E048e+07

B, E047he+(7

B.6047 e+ (7

B.E04ESe+07

B, E04Ee+07 A . A 4
0 1000 2000 3000 4000 5000

Fixed Start Time #1: In this example, the original data(red) doesn’t look that bad. However, the
first attempt at cleaning(green) gave wrong start values. Only after running fix_start_times were
the times forced to a reasonable linear progression.
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4,91545e+07 r r T r
- “rew_fixed_tapeld.027_000,hde" using 136~
“Fived_tapeld, 027 _000 hdr" using 116
“tapeld,027 _000, hdr" using 1:6

4,9154e+07

4,91535e+07

4,915%e+07

4,51520e+07

4,9152e+07

4,91515e+07

4,9151e+07 . a 4 A
0 1000 2000 3000 4000 5000

Scatter chart
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“tape23,023_000,hdr" using 1:6
“Fixed_tapeld,023_000 hdr" using 1:6

B.41205e+(7
! “new_fixed_tape?3, 023_000,hde" usin@ 1: -

B, 412e+07
E.411952+07
6.4119e+07
£.41185e+07
B.4118e+07

B.41175e+07

B.4117e+07

0 1000 2000 S000 4000 000

Fixed Start Time #3: The original data here(red)is quite sparse at the start of this swath. The
first fix(green)is obviously very wrong. However, as before, when the start times are fixed, the
resulting times are a clean line.

Seasat - Technical Challenges - 5. Classification of Bad Data

In spite of all of the work done to decode and clean data, many errors remained in
the supposedly fixed files that had been decoded and multi-pass filtered. As a
result, the current count for swath files able to be processed is 1,346 rather than
the 1,399 that first came out of prep_raw.sh. Each of these classes of errors are
discussed in this section.
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REPEATS _ CONSTANT
TIME

7
SHORT FILE

RANDOM
TIME
3

TIME GAP
1

Classification of Bad Data: (illustration)Initially 101 files were discarded. One
category, repeats, was simply the result of one tape portion being read twice. Eight
duplicate files were discarded.

5.1Short Files

Six files fewer than 10,000 lines long were discovered and removed from the
processing set. The number of lines needed to create a 100-km length frame was
later determined to be 24,936. Thus, even more files could be removed since they
will not create full frames.

5.2 Constant Time

Seven different files from Tapel2 all have a constant time of 16777216 throughout.
Obviously, this data could not be processed and was discarded. Also, the first five
files of tapel0 had values of 134217727, but these were discarded during the initial
data prep.
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5.3 Random Time

Three files were identified with nearly random time values. Again, due to the nature
of SAR processing, these files were not used. Those files were
fixed_tape16_620Kto677K.017_000.hdr, fixed_tape26.039_000.hdr, and
fixed_tape28.002_000.hdr.

1.678e+007 T T T T T T T
"fixed_tapel2_01Kto420K.042_000.hdr" using 1:6

1.6777e+007 L - ! ! L L

0 10000 20000 30000 40000 50000 60000 70000 80000
Line Number

1.67795e+007

T

1.6779e+007

1.67785e+007

Time (msec of day)

1.6778e+007

1.67775e+007

1

Constant Time: When the fix routines were applied to a file with constant times,
this is the result. Because the codes are trying to fit the times to a "known” slope
when none actually exists in the data, spurious times are introduced.
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Random Times: Metadata plots of one file from the Random Time error category.
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1,4e+03

"t apelf_E20Ktob7TE,017_000,hdr” using 136 +

. -ﬁi -nu ) I
1,%e+03 H ”u',#..f' )

Be+(7 ‘ﬁ; y
Bet7

4e+07 B

2407 P

Random Times: Time plot of one file from the Random Time error category
showing decoded MSECs vs. range line. This data cannot be recovered.

5.4 Every Other Zero

Seventeen files were found with some number of headers that contained only zero
values. With 1percent all the way up to 100 percent of the metadata in these files
being blank, they were removed from the data set.

5.5 Time Gap

One file was found with a very large time gap that was unable to be fixed. It was
removed.
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5.6 Time Slope

Based upon slope analysis, thirty-two files were marked as having an incorrect time
slope. This was the beginning of the realization that something was wrong with the
Seasat time fields. This is discussed in full in section 6, “Tackling the Slope Issues.”
This class of errors was revisited and the number was reduced to a mere six swaths
that didn't process correctly.

5.7 Wrong Fix

Initially, 27 files were placed in the wrong fix category based upon visual inspection
of the supposedly fixed files. It turns out that these resulted from the time slope
assumptions that were built into all of the software. In other words, all of the
programs that did linear trending tried to restrict the slopes to be around 0.607.
Unfortunately, this was a bad assumption. This class of errors was revisited and the
number was reduced to a mere five swaths that didn't process correctly — see
section 6, “Tackling the Slope Issues,” for more details.

Wrong Fix Examples
6.6306e+007 . .

| | |
“fixed_tape26.039_000.hdr" using 1:6 +

T

6.6304e+007

T

6.6302e+007

6.63e+007

T

6.6298e+007

6.6296e+007

T

Time (msec of day)

6.6294e+007

T

6.6292e+007

} -
5.629¢+007 b _

6.62882+007 L l L 1 I
0 3000 10000 15000 20000 25000 30000

Line Number
Wrong Fix: Erratic times result from trying to restrict the data to a specific slope.
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B.52e+07

"Fixed_tapelS_01Kto679K,061_000,hde" using 136 -
" . /HLL_ORIGINAL _HERDER/tapelS_01Ktob79K. 061 _000, hdr" using 11607 -

£.51%+07 |

6.518e+07 |

£.517e+07 }

B.516e+07 |

6.515e+07 |

B.514e+07 |

E.513e+07

0 20000 40000 0000 80000 100000 120000
Wrong Fix or Bad Slope? This shows a bad fix resulting from trying to fit a slope that is
incorrect for the actual raw data. In this case, the data time slope is lower than that
being enforced by the programs — thus the incorrect red times.
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"Fixed_tapes_OLKtodSSK, 026_008, hdr" usiﬁg 1:6 -
“rew_fixed_taped_01Kted55K,026_008, hdr™ using %:E

- . ./ALL_ORIGINAL_HEADER/tape3_01Ktod55K,025_008. hir" wsin -
C C
3,4335e+07 | N - - -
-

3,433e+07 |

2.4325e+07 |

34326407 |

0 5000 10000 15000 20000 25000 30000 35000
Wrong Fix or Bad Slope? Subtle wrong fix with bit errors adding to the confusion.

Aside: Wrong Fix or Bad Slope - More About Seasat Times

The pulse repetition frequency (PRF)is the frequency with which pulses are sent
from the satellite. For Seasat, the PRF is 1647 Hz. This means that 1,647 lines are
transmitted and received per second. Inversely, this means that each line should be
sent at equal intervals of 1/1647 = 0.00060716 seconds.

Thus, in the decoded header, which has the MSEC time value in column 6, we expect
to see the time change by .6 msec per line. Of course, the value is in integer
milliseconds so in reality 0.6 is too precise for our counter to capture. So, what we
really expect to see is the counter increasing by 3 every 5 lines. Something like the
following example is good data:
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From TAPE3_01Kto455K_000)

141241955 8 194 45440300 2716 05142211000010
151330455 8194 454403012716 05142211000010
161420425 8 194 454403012716 05142211000010
171508925 8 194 45440302 2716 0514 2211000010
18159890 5 8 194 45440302 2716 05142211000010
191687405 8 194 45440303 2716 05142211000010
201777375 8194 45440304 271605142211000010
211865875 8194 45440304 2716 05142211000010
221955855 8 194 45440305 271605142211000010
252044355 8194 45440306 271605142211000010
2421343258194 45440306 2716 05142211000010
2522228258194 45440307 2716 05142211000010
26231280 5 8 194 45440307 2716 05142211000010
272401305 8 194 45440308 2716 05142211000010
28 24912758 194 45440309 27160514 2211000010
292579775 8194 45440309 2716 05142211000010
3026682758194 454403102716 05142211000010
312758255 8194 454403102716 065142211000010

Here, we see the time values go from 45440300 to 45440310 over the course of 16
lines. This gives aline time of 10 msec / 16 lines, or 0.625 seconds/line — definitely
inthe correct range. This is not always the case, however, even with time filtering.
In TAPE10_01Kto364K, the first five files all have times of 134217727, an impossible
value. AlImost all of TAPE10_01Kto364K_006 has zero values for the time. While on
TAPE10_01Kto364K_007, the times are 132819626, another impossible value.

From TAPE10_01Kto364K(_000-_005)

201713959 8 511134217727 409505141801000010

211802459 8 511134217727 409505141801000010

22189095 9 8 511134217727 409505141801000010
23198092 9 8 511134217727 409505141801000010
24206942 9 8511134217727 409505141801000010
25215940 9 8 511134217727 409505141801000010
26224790 9 8511134217727 409505141801000010
272337879 8511134217727 409505141801000010
28 2426379 8 511134217727 409505141801000010
29251635 9 8 511134217727 409505141801000010
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From TAPE10_01Kto364K_006:

b0 41742569800409505142001000010
614262759800409505142001000010
b2 4352729800409505142001000010
b3 4441229800409505142001000010
b4 4531209800409505142001000010
b54619709800409505142001000010
b6 4709679800409505142001000010
674798179800408505142001000010
b8 4888159800409505142001000010
5949766598 00409505142001000010
605066629800409505142001000010
From TAPE10_01Kto364K_007

50 4550379 8 511132819626 40950514801000010
514638879 8511132819626 40950514801000010
b2 4728859 8511132819626 40950514801000010
b3 4817359 8 511132819626 40950514801000010

b4 490732 9 8511132819626 40950514801000010
65499582 9 8 511132819626 40950514801000010
56 508580 9 8 511132819626 40950514801000010
67517430 9 8 511132819626 40950514801000010

68 5264279 8511132819626 40950514801000010
695352779 8511132819626 40950114801000010

605442759 8511132819626 40950514801000010
From TAPE4_01Kto688K_012

18 50583644 6 8 202 1385155123380514911000010
1950592494 6 8 202 138515512338 0514811000010
20506014916 8 20213851552 2338 0514811000010
2150609604 6 8 20213851553 23380514911000010
2250618454 6 8 202 13851553 2338 0514911000010

118 513035916 8 202 13851599 2338 0514901010000
11951304329 6 8 202 13851599 23380514911000010
12051313179 6 8 202 138516012338 0514900000000
121513212916 8 202 138516012338 0514811000010

12251330289 6 8 202 1385160123380514911000010
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In this last example from Tape4, we see that the time at line 20 is 13851552. The
time at line 120 is 13851601. Thus, the time changed by 49 in 100 lines. This gives a
line time slope of .49, considerably less than the 0.607 msec expected. In fact, this
pattern continues through the file, with all of the times showing an incorrect time
slope around 0.486 msec. Initially, it was assumed that this data could not be
recovered. However, it was later determined that a lot of the Seasat data thought to
have bad time slopes, in fact, simply had an unknown timing delay recorded with
the satellite clock times. See “Slope Issues” for details.

Written by Tom Logan, July 2013

Seasat — Technical Challenges — 6. Slope Issues

During decoding and cleaning, it was assumed that the time slope of the files would
be roughly guided by the Pulse Repetition Interval (PRI) of the satellite, i.e. a Pulse
Repetition Frequency (PRF) of 1647 Hz means that 1,647 lines are being transmitted
and received per second. This means that the PRIl is 0.00060716 msec. Based upon
this, then, each 1,000 lines of Seasat data should be equivalent to .60716 seconds.

Alternately, in milliseconds, the time slope for these files should always be 0.60716.
It was discovered that this is not the case with much of the actual data, as shown in
the following table and graphs:

Line Time Time Diff Calculated Slope
1 13851543

500 13851790 247 0.495

10000 13856399 4856 0.4856

15000 13858818 7275 0.485

20000 13861260 9717 0.4859

30000 13866139 14596 0.4865

35000 13868569 17026 0.4865

40000 13870998 19455 0.4864

45000 13873447 21904 0.4868

Seasat Times: (table) PRF = 1647 Hz, so PRI is 0.0006071645 msec. In MSEC, the
time slope should always be 0.6071645. Yet, for this datatake, the time slope is
consistently only 0.486!
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Slope Issues
Original Data

Lok e

1.3075e407

"taped_O1KEGEIEK. 012 000, hd-" using 136

1,387e+07 |

1,3865e+07 |

1,366e+07

1. 3655e+07

1, 385e+07 L L L L L
0 G000 L0Copep 15000 20000 25000 £l 5000 40000 45000 L]

Original Data: This example shows a dataset that is relatively clean before any
filtering is applied. It seems that this file should have been extremely easy to clean.
Filtered Data
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L SGrsur

1, 38707

1.3565a+07

1, 385a0F

1.2855a+07

1, 3685e+07

0 S000 10000 15000 20000 265000 30000 35000 40000 45000 SO0

Filtered Data: After the dataset went through the prep_raw.sh procedure, this was
the resulting time plot. It is, quite obviously, very wrong.

Comparison
e
1,387 5e+07 T T T T T — T T
“taped_01KtoBERK, 012_000, hdr® yuafS 116
"taped_OlKEoBSEK,012_000_time, hiry “H3
“taped_(1Kto685K,012_000_stair do I H
“taped_(1KtobS8H,012_000_cle dalizing 1;6 o

1,367e407 |

1,5865e+07 |

1.386e+T

1,3865e+07 |

i L L i

1, 385e+0T - ;- ! ! !
] G000 10000 15000 20000 25000 S0000 5000 40000 45000 BO000

Comparison of Original with Filtered: Although the times look fine in the first
(unfiltered) plot, they are wrong for this satellite based upon the known PRI. The ASF
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cleaning software tried to fix these wrong time values using a known slope of 0.607.
This introduced a discontinuity into the data and resulted in incorrect times.

These results, wherein the time slope of the raw data does not match the known
PRI of the satellite, were incredibly perplexing. At first, it was assumed that these
data could not be processed reliably and were simply categorized into the large
time-slope error and wrong-fix error categories.

Analysis of the time slopes in the original unfiltered data only pointed out how
extreme the problem really was. Well over 100 files showed slopes that were either
less than 0.606 or more than 0.608, with the lowest in the 0.48 range. The highest
reliable estimate showed a slope of well over 0.62.

6.1Slope Issues Explained

Eventually, through conversation with original Seasat engineers at the Jet
Propulsion Lab (JPL), it was discovered that the Seasat metadata field MSEC of Day
actually contains not only the time of imaging but also the time to transmit data
from the spacecraft to the ground station. This adds a variable time offset to the
metadata field. Once this was understood, it was readily obvious that using the
known PRF as a quide for filtering was an incorrect solution.

Thus, the entire cleaning process was revisited, with all of the codes allowing more
relaxed slope values during linear regression. This worked considerably better than
the previous cleaning attempt. However, it did not solve the problems entirely.

6.2 Final Results of Data Cleaning

The final set of cleaned Seasat raw swaths was assembled using three main passes
through the archives with different search parameters, along with a few files that
were fixed on a case-by-case basis. Basically, the final version of the code was run
and the results examined for remaining time gaps. Any files with large or many time
gaps were reprocessed using different parameters. In the end, 1,346 swaths were
cleaned, 2 by hand, 14 from the first pass, 25 from the second pass, and the
remainder in the final cleaning pass. These then are the final cleaned Seasat
archives for the initial release of ASF’s Seasat products.
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Total Dataset with  Largest Time Largest number Files with>10

ki Datasets Time Gaps Gap of gapsinafile msecgap
1/31/2013 1,399 728 54260282 1820

4/9/2013 1298 263 180 34

4/9/2013 1,299 122 95 33

4/9/2013 1,299 55 2113 17

4/10/2013 1,299 34 50

FINAL 1,346 49 34 26 28

Final Cleaned Seasat Swaths: (table) Approximately one year after the project
started, 1,346 raw Seasat swaths were cleaned and ready to be processed into SAR
image products.

Written by Tom Logan, July 2013

Seasat — Technical Challenges — 7. Cleaned Swath Files

Seasat synthetic aperture radar (SAR) data holdings at ASF have been converted
from their original 29 SONY SD1-1300L tapes into raw swath files with external
metadata stored on disk. As detailed elsewhere in these pages, a total of 1,346
decoded, cleaned swath files were created.

The decoded data originally contained bit errors and discontinuities that had to be
addressed prior to processing images. Cleaning the decoded data was an extensive
process — critical metadata fields were median filtered to remove bit errors, time
values were filtered into linear progressions, and discontinuities were filled with
random values. In all, five separate filters were run on the telemetry data after it
was decoded in order to prepare it for automated processing into image products.

The cleaned raw swath files come as file pairs. The unpacked raw data residesina
.dat file, and the decoded metadata resides in an .hdr file. The .dat files contain
13,680 byte samples of SAR data per line, so the file size for swath data files is
always the number of lines in the file multiplied by 13,680 bytes.
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The .hdr file contains a single entry for each line of data present in the
corresponding .dat file. This entry is ASCI| text formatted into 20 columns of
integers recording the metadata decoded from the satellite time and status
telemetry bits. If any discontinuities were found and repaired during the cleaning of
the decoded data, then a third .dis file records the location and length of
discontinuities.

Written by Tom Logan, July 2013

Seasat — Technical Challenges — 8. Focusing Challenges

In modern systems, synthetic aperture radar (SAR) echoes are sampledin a
complex fashion using IQ-demodulation. The | and Q components are samples of
the same signal that are taken 90 degrees out of phase. Separating | and Q in this
way allows measurement of the relative phase of the components of the signal, and
isarequirement for the SAR focusing algorithm. The Seasat platform used an older
method to sample echoes, storing real (not complex) returns in offset video format.

The first step in processing Seasat SAR, then, is to be able to convert offset video
into 1Q format. Therefore, ASF selected the repeat orbit interferometry (ROI)
package distributed by the Jet Propulsion Laboratory (JPL). ROl is a mature and
robust SAR software correlator capable of processing offset video format signal
data.

In order to focus Seasat SAR imagery using ROI, ASF created a configuration file
using the cleaned header file and propagated state vectors. The decoding process
created the cleaned header file. The propagated state vectors were obtained from
NASA's Goddard Space Flight Center. ASF chose to use ROI's .in configuration file
format. Initially this configuration file contained 47 parameters needed to create
focused SAR data, but it was adapted to allow for up to 67 parameters to facilitate
the removal of unwanted frequencies in the original signal data. (See “Range
Spectra Filtering” for details).

Other technical challenges included propagating state vectors, Doppler estimation,
overcoming Doppler ambiquities, filtering dirty range spectra, and creating proper
data window position shift files to capture changes in the satellite’s delay-to-
digitization metadata field.
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Finally, using the decoded raw data, information from the decoded headers and
propagated state vectors, proper configuration files were generated to allow ROl to
focus the Seasat imagery.

8.1 Offset video format

A chirp signal has a symmetric frequency spectrum: the positive frequency band is
symmetric to the negative frequency band about O frequency. To create a radio
frequency signal, a chirp is mixed with a pure sinusoid at the desired radar
frequency (L-band for Seasat), which then shifts the entire spectrum up to be
centered around the L-band frequency with a side-band of frequencies on one side
of the carrier and another side-band on the other side of the carrier.

These are all positive frequencies now, but two side-bands are created from the
positive and negative portions of the original chirp spectrum. Offset video refers to
the fact that the samples are real, not complex, so the spectrum contains both
side-bands. The total bandwidth is in the “video” range (i.e. MHz), and the center of
the bands are “offset” from O frequency so they don't get mixed together. When the
signal is converted from real samples to complex samples, one of the side-bands is
saved, and the other one is thrown out. This creates what is called the “analytic
signal,” which is complex.

It turned out that ROI, although programmed to process offset video SAR signal
data, did not initially work correctly. The processor assumed the negative side-
band was the correct one to use, but for Seasat the opposite side-band was
required. Once this was discovered and a change was applied to ROI, the data
focused properly. Many thanks to Paul Rosen of JPL for this discovery and for
applying the fix that allowed the Seasat offset video format to properly focus in ROI.

Due to the nature of offset video format SAR data, the 13,680 original samples, once
focused, only create half that number of range samples. Thus, focused Seasat
imagery initially has 6,840 samples per range line (before further processing).

130/Page



8.2 State Vectors

State vectors give the position and velocity of a satellite at a given time. ASF
compared state vectors derived from Two Line Element files at CelesTrak with the
Seasat precise orbits solutions made as part of NASA's Ocean Altimeter Pathfinder
Project . It was determined that the precise orbit solutions gave better
geolocationsin final products and were, therefore, used in the production of the
Seasat detected image archives.

Although state vector creation and propagation is a fairly routine task within
satellite processing systems, a non-standard transformation was required in this
project. Since ROl expects the state vectors in platform-centered velocity and
acceleration coordinates, the conversion code from ROI_PAC was utilized to create
the final state vectors inserted into the ROl configuration file.

8.3 Doppler Centroid Estimation

The Doppler centroid locates the azimuth signal energy in the azimuth (Doppler)
frequency domain, and is required so that the azimuth compression filter can
correctly capture all of the signal energy in the Doppler spectrum, thereby providing
the best signal-to-noise ratio and azimuth resolution. Thus, even with good
knowledge of the satellite position and velocity, a Doppler centroid frequency must
be accurately estimated in order to focus SAR data.

The Doppler centroid varies with both range and azimuth. The variation with range
depends on the particular satellite attitude and how closely the illuminated
footprint on the ground follows an iso-Doppler line, as a function of range. The
variation in azimuth is due to relatively slow changes in satellite attitude as a
function of time. Because the change is slow, the azimuth Doppler variation is
minimal within a single Seasat frame and so was ignored.

The azimuth signal in SAR is sampled by the pulse repetition frequency (PRF). As
with all sampled signals, there is an ambiguity in the location of frequency

131lPage



spectrum, by a multiple of the sampling rate. For this reason, the Doppler centroid
is written as:

fr=fr'+ M*PRF

Here, the absolute Doppler frequency at range sample r, fr, is composed of two
parts. The fine Doppler centroid frequency fr' comprises the fractional part, and is
ambiguous to within the azimuth sampling rate, which is the PRF. The other part is
an integer multiple of the azimuth sampling rate M*PRF. Doppler centroid
estimation often refers to the estimation of the fine Doppler centroid frequency,
which is limited to the range + PRF/2. The Doppler ambiguity M is an integerin the
set{-2,-1,0,1, 2}. The two components of the unambiguous Doppler centroid
frequency, fr'and M, are estimated independently.

Because of the range-variation of the Doppler centroid, the Doppler centroid is
estimated at different ranges in the data, and a polynomial function of range is fit to
the measurements.

ROl expects the three coefficients for a quadratic equation whereby the Doppler
centroid at a given sample can be calculated as a percentage of the PRF.
Fortunately, the fractional part, fr’, can be determined directly from the signal data
using a fairly simple technique known as pulse-pair Doppler centroid estimation.

Given: A, B, PROD and DOP all arrays of length 16K

Start at middle of file - 5000 lines, continuing for 10000 lines
A =convert offset video at line X to |,Q by forward/reverse FFT
B =convert offset video at line X+1to I,Q by forward/reverse FFT
PROD +=sum(conj(A)B)

DOP=-1.0 *ATAN2(PROD.IMAG,PROD.REAL)/ 21t

Pulse-Pair Doppler Centroid Estimation: Calculate the complex conjugate of line X
times line X+1. Sum these products for 10,000 lines. The Doppler centroid is then
estimated for each range sample by calculating the resultant phase of the product
using the ATANZ function.

Unfortunately, this only determines the fractional part of the Doppler centroid; the
result is always +50 percent of the PRF (i.e. from -823 Hz to +823 Hz). In some
cases, Doppler values as high as 2000 Hz or as low as -2000 Hz were observed in
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the Seasat data. Thus, a Doppler of 0.3 PRF could be -1153 Hz, +494 Hz or even as
much as +2141 Hz based upon the value of the Doppler ambiguity M. So, even with
the pulse-pair Doppler centroid estimation algorithm, additional processing was
required to determine the proper Doppler ambiguity.

Also, for much of the Seasat mission, a calibration pulse was embedded in the
transmitted signals. This has the effect of invalidating the Doppler centroid
estimate in the center of the imaging swath as well as introducing a solid white line
down every focused product created from such data.

So, to estimate the range-dependent Doppler centroid, ASF used an altered pulse-
pair algorithm, first modified to ignore the values estimated in samples 3180 - 3980.
Next, a wrap-around ambiguity resolution was applied and finally, a small set of
heuristics were applied to the Doppler constant to try to guess the correct Doppler
ambiguity for each scene based upon the satellite direction of travel (ascending or
descending)and position (higher or lower latitude).

Still, since only 94 percent of scenes automatically focused, each image had to be
examined by a man-in-the-loop quality control procedure, not only for focusing
problems, but also for the remaining data quality issues discussed in “Remaining
Data Quality Issues.”
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Doppler Estimation: In this plot, the Doppler centroid estimate as a percentage of
the PRF (Y-axis)is plotted against range samples (X-axis). The red plot is the
original estimate, and shows the wrap-around in the bottom right side of the figure.
The green plot has fixed the Doppler wrap-around ambiquity. The blue line shows
the quadratic fit that was finally used. Note that the calibration pulse invalidates
samples 3180 - 3980, always showing a near-zero Doppler value.

8.4 Range Spectra Filtering

A power spectrum describes how the power of a signal or time series is distributed
over different frequencies Because SAR uses a linear FM chirp, the power should
always be distributed evenly in an image’s spectra. Because SAR data has
distinctive range spectra, one method to check whether signals are valid SAR data
isto plot the power spectra.

This was done early in data exploration, showing additional problems with the
Seasat raw signal data. Rather than show the standard relatively flat peak, the
Seasat spectra show tones that should not be present in raw data.
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Seasat Range Spectrum
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Seasat Range Spectrum: This plot shows the power spectrum of Seasat signal
data plotted as a function of the range frequency bin. Although the DC Bias at bin
zero is expected, the additional tones make this a “dirty” spectrum. The largest tone
always appears at +/- fs/4, while the other spurious tones appear in a variety of
frequency locations. [Figure created by Paul Rosen, JPL].

Fortunately, ROl has a built-in feature for the removal of specific frequencies that
were inserted into the signal data for calibration purposes. These frequencies are
called “caltones,” or calibration tones. The feature in ROl works as a notch filter, and
ASF was able to modify it to remove up to 20 unwanted caltones. To determine the
frequencies to remove, the steps outlined in the Spectral Filtering Algorithm were
taken.

« Calculate the range power spectra

« Calculate the mean and standard deviation of the spectra

o Sortall spectral values that are greater than 1.5 standard
deviations from the mean into descending order

« Cullthe list to remove neighboring caltones: All tones within
6 bins of a tone previously in the list are removed. This
ensures only a single frequency will be removed in given
neighborhood of bins.
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o Remove up to the top 20 values left in the list

SpectraFiltering Algorithm: All values greater than 1.5 standard deviations from
the mean spectral value are gathered and sorted. Closely neighboring caltones are
culled, creating the final list of caltones to be removed via notch filtering.

Once the power spectra have been filtered to remove these caltones, many
artifacts are removed from the Seasat images.

Range Spectra Filtering

Unfiltered Spectra
40 T

"spa'ctra.wt" —_—

30 p

/ -
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Unfiltered Spectra: A Seasat range power spectra showing spurious tones to be
removed. This plot shows the power spectrum of Seasat signal data plotted as a
function of the range bin. It only shows the upper complex spectrum, not the
conjugate.

Representation of the Filtered Spectra

o
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Representation of the Filtered Spectra: After filtering, the range spectra have
outlying peaks removed. This plot shows the power spectrum of Seasat signal
data plotted as a function of the range bin. It only shows the upper complex
spectrum, not the conjugate.

Unfiltered Spectra
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Unfiltered Spectra: This Version of Seasat product SS_00472_STD_F3099 was
focused without the removal of caltones. Vertical lines are visible in the far

range.
Filtered Spectra
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i
Filtered Spectra: Once the spurious caltones were removed using a notch filter,
the vertical lines disappeared. Tones at 0.25, 0.25885009765625,
0.29449462890625 and 0.29339599609375 were removed.

Unfiltered Spectra
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Unfiltered Spectra: ProdUct SS_01385_STD_F1145 processed without caltone
removal shows many vertical lines in the far range.
Filtered Spectra
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Filtered Spectra: Once the caltones are removed (13 in this case), many of the
vertical lines are gone. Unfortunately, this method is not perfect, and some lines
are still visible in the image.

8.5 Data Window Position Shifts

The time delay between transmitting a SAR pulse and receiving an echo is directly
related to the altitude of the satellite at the time of imaging. Based upon changes in
orbital altitude, this delay may change a handful of times in any given datatake. As
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the satellite altitude changes during an orbit, the change is quantified using the
delay-to-digitization field. During focusing, the slant range to the first pixel is
calculated using these quantified values.

Prior to the application of the delay-to-digitization parameter in the ASF Seasat
Processing System (ASPS), cross-track ghosting was readily observed in images
that contained delay shifts. This was addressed using another one of ROI's built in
features - the data window position (DWP)file.

This file contains one entry for each delay-to-digitization shift found in a swath.
Each such entry contains a <line, value> pair where line is the line numberin the
cleaned raw swath data to apply the shift and value is the amount of the shift. This
DWP file is then passed to ROl where the DWP shift is implemented.

Data Window Position Shifts
Cross-Track Ghosting
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Cross-Track Ghosting: This processed image did not have a valid DWP file for ROI.
An across-track ghost of the island near the left of the image can be seen. Also, the
vertical lines (resulting from noisy signal data) do not line up from top to bottom of
the image.

Ghosting Removed

\d’l“ "@g.i‘u'* A ‘f-:a. : - ¢ v .I- '...'..I..- chyt
Ghosting Removed: Once a valid DWP shift file was created and made ava|lab|e to
ROI, the cross-track ghosting was removed from the image. Also note how the

vertical lines(resulting from noisy signal data) now match from top to bottom of the
image.

Seasat — Technical Challenges — 9. From Swaths to
Products

At this stage in the development of the ASF Seasat Processing System (ASPS):
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1,346 cleaned raw signal swaths were created

Repeat Orbit Interferometry (ROI) was modified to handle Seasat offset
video format

New state vectors were selected for use over two-line elements(TLE's)
Caltones were filtered from the range power spectra

Data window position files were created

The remaining tasks before wholesale image creation could begin were
(1) automated creation of the ROl input files with all fields properly
filled and (2)

implementation of a product framing scheme.

9.1 Creation of ROI Configuration Files

The program create_roi_in was developed for the purpose of gathering all of the
information necessary to focus a particular piece of Seasat data into complex

imagery.

create_roi_in:
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Using the .hdr file of metadata
« Determine exact start, center and end time of signal data
section to be focused
« Find any changes in the delay-to-digitization in
this section of signal data
o Create a DWP file if necessary, marking all shifts
that occurred
Use the minimum DWP to calculate the slant range to first pixel
Propagate the state vectors to the exact middle time of the scene
and convert into ROI's internal format for the spacecraft height,
velocity and acceleration
Estimate the Doppler centroid using filtering and regression to get
a quadratic fit
Calculate the range spectra, filter and get galtones to be removed
Write all values to the .roi.in file



create_roi_in [-s <start_line> -e <end_line>][-d dop][-f start_line][-v][-e][-E ESA_Node] <infile_base_name>

<infile_base_name> Input file. (assumes .dat and .hdr exist)

-8 8l -e el Set start and end lines to process [default - all lines]
=-d dep Set Doppler centroid constant offset to use [default 0)
=y Use state vectors instead of TLEs
- Apply the clock drift to image timing
~-E ESA_HNode Create ESh sized frame at specified node number
-f start_line Create ESA sized frame starting from start_line:
Parameter Default Framed
Patches <Calc> 3
NA Valid 11800 8312
Range Samples 5300 6840

ROI Configuration File Creation Program: Many command line options are offered
by create_roi_in, including the ability to process any amount of signal data or the
exact amount of signal data needed to create a single 100-km2 image framed by
European Space Agency (ESA) framing standards.
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ROI Parameter ASF Value Motes
Firstinput data file 01 KroZ87K.001_000.dat Name of input swath file to process
Second input data file Sdevfmull Used for InSAR
Output data file new_fixed_tapel_01KioZB7K.001_000_node0911slc  Name of output focused SLC file
Queput amplitnude file Sdevfmull MA
Bik outpus file Sdev/mull NA
Debug flag ] HA
Input bytes per line files 1 and 2 13680 13680 Length of Seazat aw range line = total line leagth
Good bytes per line, Including header 13680 13680 Length of Seasat raw range line - number of bytes to process
First ling to read 41254 Determines start of frame
Number of range input patches 3 Fixed value for 100-km length frame
First sample palr to use L] Use all samples
Azimuth Patch Size (Power of 2) 16384 Size of aximuth FFT A o s far h B
Humber of valid points in aximuth 8312 Fixed value for 100-km frame - azimuth lines output per patch
Deskew the image n HA
Number of Caltones to Remove 9 Number of caltones [up to twenty)
Calrane % of sample rate 0.25%03320312500 List of caltones to remove
Caltone % of sample rate 0.25000000000000 List of caltones to remove
Caltane % of sample rate D4 TIBTAHISIL2S List af caltones to remove
Caltone % of sample rate 02936401 36T1875 List of caltones to remove
Caltone % of sample rate 0.0E941650390625 List of caltones to remove
Caltone % of sample rate 0002096093750 caltenes to remove
Calrone % of sample rate DOBSTEITI4B43TS Listof caltones 1o remove
Caltone % of sample rate DOBBREIZSTRIZS0 List of caltones to remove
Caleone % of sample eate MLOBOTSI2TTI4ITS Lizt of caltones to remove
Start range bin, number of bins to process 16840 Use all samples in the range direction
Delta azimuth, range pixels for secondfile 00 Used for InSAR
Image 1 Doppler coefs (Hz/FRF) AAE0047 -0.00004910 0.000000001364 Doppler centrodd estimate
Image 2 Doppler coefs (He/PRF) AABODAT 000004910 0,000000001 264 Used for InSAR
1=use file 1, 2=file 2, 3=avg 1 Which file's Doppler centrold to use
Earth Radius (m) GITI9TA2342 Earth radius at satellite nadir pofint

| Body Fixed $/C vel 1,2 (m/s) T621.755016 7621.755016 of body floed state vector vel
Spacecraft height 1.2 (m) B01774.282455 B01774.282455 Height of the satellite above the carth
Flanet GM (1} Set internally by RO
Left, Right or Unknown Pointing Right Seasat was a right pointing satellite
SCH Velocity Viector 1 7621.667151 -0.000000 5863561 Platform centersd velocity vector
SCH Velocity Vector 2 T621.667151 -0.000000 5863561 Leed for InSAR

| SCH Acceleration Vector 1 0.002822 -0.784363 -8.109481 Platform centered acceleration vector
SCH Acceleration Vector 2 0.003822 -0.784363 -8.109481 Used for [nSAR
(:E_I:;pufm-nmphhmvdluﬂhu B46124.167568 B46124. 167568 Slant range to the first phoel
PRF L2 (pps] 1647 1647 Pulse repetition frequency
Ifqmeans, 11,91, 292 16184898 16.184898 16.184898 16.184898 Mcan value of raw data samples

_ Flipifqly/n) 5 *¢'- Seasat offset video format
Desired azimuth resolution{m) 4 Spacecraft natural aximuth spacing
Number of azimuth looks 4 Set sensor default value
Range sampling rate (Hz) 22765000 Fixed sensor value
Chirp Slope (Hz/s) 562130178211 Fixed sensor value
Pulse Duration (5] 33.8e6 Fixed sensor value
Chirp extension points a Used o inerease chirp in far range
Secondary range migration cormestion ¥ Improves focus for L band imagery
Lyv/n)
Radar Wavelength (m) 0,235 Fixed sensor value
Range Spectral Weighting 1 Used to increase signal to nodse ratio
Fraction of range bandwidch to remove 0.000000 0.000000 Lised for InSAR
Linear resampling coefs aooo Used for InSAR

_ Lincar resampling delias a0 Used for InSAR
AGC file fdevfmull Used gutomatic gain comtrol
DWF file Sdewfnull Records delay-to-digitization changes

Modified ROI Configuration File: The ROl .in configuration file used to process
image SS_00638_STD_F0911. ASF ROI configuration files allow for up to 67 lines of
parameters to be passed. Note that ROl is the Repeat Orbit Interferometry
correlator, and as such it is set up to process InNSAR pairs of imagery. When utilized
for processing single Seasat images, many ROl parameters are either not applicable
or simply repeated (as in the case of input bytes per line, good bytes per line,
spacecraft velocity, PRF, etc.). Most parameters are fixed based upon the sensor
being focused. However, some parameters vary in each scene since they are either
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data dependent (i/g mean, caltones to remove, Doppler centroid) or platform-
location specific (body fixed velocity, earth radius, spacecraft altitude, velocity and
acceleration, range of first sample).

SS_00638_STD_F0911: Seasat image created using the parameters in the modified
ROl configuration file.

9.2 Framing Data Products
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ASF divides swaths of SAR data into individual frames that are bundled into
products and made available for download. Seasat swaths are divided into 100-
km?2scenes centered at European Space Agency (ESA) standard nodes. The naming
convention for Seasat products is as follows:

SS_00000_STD_Fffff

Where 00000 is the five-digit orbit number of Seasat platform at time of imaging
and ffffis the four-digit ESA node number signifying the center latitude of the
product.

9.2.1 Modified ESA Frames — Product Length Determination

ASF elected to use the ESA node scheme as it is common to other products and
understood by many SAR researchers. From “ESA EOHelp Frequently Asked
Questions™

The European Remote-Sensing Satellite (ERS) orbit is split into 7200 nodes and 400
are used to identify the SAR frames through the node closest to the frames’

center. Therefore, the identifiers of two adjacent frames differ by 18 nodes. The
first frame starts at the equator and is identified by node 9, the last one by number
7191.

The frames between number 9 to 1791and 5409 to 7191 are in the ascending part of
the orbit.

A satellite orbit is split into two parts:

o theascending pass
» the descending pass

The ERS-1satellite has the following scheme:

Equator North Pole Equator South Pole Equator
9 1800 3609 5400 7191
|—ascending—|————- descending———-|—ascending—|
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https://earth.esa.int/c/document_library/get_file?folderId=27295&name=DLFE-573.pdf
https://earth.esa.int/c/document_library/get_file?folderId=27295&name=DLFE-573.pdf

where the numbers are standard frame numbers

When the scheme above was implemented using frames centered 18 nodes apart,
large gaps existed between the framed Seasat products. This can be explained as
follows: splitting the earth up into 7,200 nodes means that each node is 0.05
degrees of latitude. If images are framed 18 nodes apart, then the centersare 18 *
0.05 degrees = 0.9 degrees of latitude apart. A degree of latitude varies from 110.6
km to 111.7 km from the equator to the North Pole. Therefore, 0.9 degrees of
latitude varies from 99.54 km to 100.53 km from the equator to the North Pole.

It follows that even if the orbit of Seasat was directly north-south, little to no
overlap could be expected for 100-km length scenes. However, Seasat had an
orbital inclination of 108 degrees, a full 10 degrees further off vertical than ERS-1,
the satellite for which ESA designed these nodes. Thus, Seasat covered
considerably less latitude per 100 km of travel than the ERS satellites.

Nodes  0-1800: center latitude = node*.05
Nodes 1801~ 3600: center latitude = 180.0(node*0.05)

ESA Frame Center Calculations: Nodes 0 - 1800 are ascending in the Northern
hemisphere. Nodes 1801 - 3600 are descending the Northern hemisphere. Nodes
3601-7200 are located in the Southern Hemisphere, so they will never be used for
the Seasat data collection.
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Using ESA Standard Frames: These images were framed using the standard ESA
framing technique (frame 78 and 79) and then mosaicked to check for overlap.
Since there is black between the images, the standard ESA framing schema is not
valid for Seasat products.

Due to differences between the ERS-1and Seasat orbits, a modified ESA scheme
was implemented for Seasat products. At first, the number of nodes between
framed centers was simply halved, i.e. products were created with centers only
nine ESA nodes apart.

This scheme worked until the higher latitudes, where the satellite’s orbital path
goes from ascending to descending. At this part of the orbit, the satellite actually
stops ascending in latitude and starts descending. In this case, 100 km of satellite
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motion is considerably less than nine nodes of latitude change. Thus gaps once
again existed between framed products.

Finally, then, the ASF Seasat SAR framing scheme allows a variable number of ESA
nodes to pass between frames. Each frame is 100 km in length and centered at the
ESA node that gives roughly 15 percent overlap with the adjacent frames. Thus all
Seasat products are the same size but spaced variably along-track. Since Seasat
only imaged in the Northern hemisphere, only ESA nodes 0 - 3600 are ever used.

Modified ESA Frames

Modified ESA Frames

151lPage



Modified ESA Frames: This mosaic shows two Seasat products created nine ESA
nodes apart (1278 - 1287). In this case, the mosaic shows no gap exists between
these framed products.

Modified ESA Frames: This mosaic also shows two Seasat products created nine
ESA nodes apart (1467 - 1476). However, because these images are at a higher
latitude, there is a gap between processed frames. The nine-nodes-between-
centers method did not work properly for Seasat.
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Framed Seasat Product Mosaic: Mosaic of two Seasat framed products showing

how the modified schema with variable nodes between centers ensures overlap
between framed products.

Aside: Example of Products Created from a Single Cleaned Swath - Processing
cleaned swath file new_fixed_tape4_01Kto688K.001_000.dat resulted in the
following list of products (ESA node numbers highlighted in blue):
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SS_00292_STD_F1302
SS_00292_STD_F1314
$S.00292_STD_F1325
SS 00292 _STD_F1336
SS 00292 _STD_F1347
SS 00292 _STD_F1358
SS_00292_STD_F1368
SS_00292_STD_F1378
SS_00292_STD_F1388
SS_00292_STD_F1398
SS_00292_STD_F1407
SS 00292 _STD_F1416

55.00292_STD_F1425
55.00292_STD_F1434
55.00292 STD_F1442
55.00292_STD_F1449
55.00292_STD_F1456
55.00292_STD_F1463
55.00292_STD_F1469
55.00292_STD_F1474
55.00292_STD_F1479
55.00292_STD_F1484
855_00292_STD_F1488
S55_.00292_STD F1491

55_00292_STD_F1493
8$5.00292_STD_F1495
55 00292_STD_F1496
8§5.00292_STD_F2102
55.00292_STD_F2103
855_.00292_STD_F2104
55.00292_STD_F2105
55.00292_STD_F2108
55 00292 _STD_F2111
8§5.00292_STD_F2114
8§5.00292_STD F2119
S55.00292_STD_F2123

Note that orbit number 00292 goes from ascending (nodes 1302 - 1496) to
descending (2102 - 2123). Note too how the ESA node numbers get closer together
as the satellite approaches the northern tip of its orbit. The same appliesin reverse
on the descending part of the orbit: At first images are centered just one ESA node
apart, but the number of nodes between frame centers grows as the satellite

continues south.

9.2.2 Far Range Samples — Product Width Determination

SAR processing is performed on specifically sized pieces of signal data called
patches. Patches are generally an even power of 2 in size to facilitate the FFTs that
are used during focusing. Range patches are in the range direction; for Seasat only
a single range patch of length 8192 is needed to process the entire range direction
of 6,840 samples. Azimuth patches are in the azimuth direction. Azimuth patches
canvary in length. For Seasat a length of 16,384 (16K) was used.

The SAR processing algorithm requires a certain amount of overhead per range
patch and azimuth patch processed. This overhead is either the length of the
azimuth reference function for the azimuth direction or the range reference
function for the range direction. The length of these functions determines how
many samples are combined to make a single return in the focused image. For
Seasat, the range reference function is always 1,539 samples, while the azimuth
reference function varies in length from around 5,500 to as much as 5,700.
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Dealing with the overhead in the azimuth patches is straightforward. For each
azimuth patch, process 16K lines of data and only keep 16K minus the patch
overhead lines. Seasat processing only utilizes 8,312 lines per azimuth patch, well
under the number of valid lines actually created.

The range reference function overhead is more difficult to deal with. All of the
literature states that Seasat boasts a 100-km width swath. However, of the 6,840
range samples that can be created per line, only 5,301 samples are known to be
valid (5,301= 6,840 range samples minus the 1,539 overhead). When these samples
are mapped from natural slant range spacing into 12.5-meter ground range spacing,
7,166 valid range samples are created. This means that the actual valid width of the
Seasat swathis

7,166 samples * 12.5 meters/sample = 89,575 meters,
considerably less than the 100 km advertised.

Thus, it had to be determined if Seasat products should be 100 km 2, even if it
meant keeping some partially valid samples in the far range, or should products be
less than 100 km 2, keeping only known valid pixels. The decision was made to
create 100-km wide swaths even though this may introduce a few pixels in the far
range that do not contain the contributions from a full 1,539 raw samples. As a
result, users may notice slight darkening in the last 824 range samples in some
images. Thisis intentionally done in order to create square Seasat products.

9.3 Data Quality Tool

Due to Doppler ambiguities that could not be automatically overcome, each Seasat
product created at ASF is examined using a specially designed quality control tool.
This QC tool allows each product to be visually inspected and accepted,
reprocessed, or discarded. If a product is not focused, it is reprocessed at the next
logical Doppler ambiqguity. If a product contains less than 50% valid data it is
discarded. Finally, if a product is accepted, an annotation file is made providing an
indication of data quality issues observed in the product. Each of these remaining
data quality issues will be discussed in “Quality Issues.”

9.4 Processing Results
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Once the programs that create a single image product were developed and tested,
they were all encapsulated in a main program referred to as create_base_images.
Given an input cleaned swath file, create_base_images creates all framed products
covered by a datatake. Each swath is run through this procedure in order to create
the beta set of framed Seasat images and corresponding metadata.

| Create_ROI_In (ASF) - create ROl input
files (.in, .dwp)

ROI (JPL)- create focused SLC

RoiZ2img (ASF) - create multilooked
detected amplitude with metadata

Img2hdf (ASF) - convert images to
HDF5 and XML formats

Single Image Processing Flow: In order to create an individual framed product, a
cleaned swath file goes through (1) creation of the configuration file(s) for ROI, (2)
focusing into SLC imagery using ROI, (3) creation of multilooked amplitude images,
and (4) conversion of images into HDF5 with ISO compliant XML metadata.

Each of these images are visually examined using the ASF Seasat Quality Control
Tool, which allows one of three actions to be taken:

1. Images that show less than half a frame of valid SAR data are
discarded.

2. Images that are not properly focused are sent through a reprocessing
step, which modifies the Doppler constant in order to determine a
Doppler centroid that will focus the product.

3. Images that are properly focused and contain more than 50 percent
valid SAR data are added the to the ASF data pool. Each product also
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contains an annotation file to inform the end user of any quality issues
encountered during the visual QC check.

UNFOCUSED

Reprocess Final

Products

ASF Seasat Processing System (ASPS) V1.0: All cleaned decoded swaths were
passed through the create_base_images procedure, which created the framed
product files. Due to Doppler ambiguities and data quality issues, each product had
to be examined using the QC Tool, which took one of three actions: (1) If the image is
good, publishit; (2) If it is unfocused, reprocess it at a new Doppler; (3) If the image
is not valid SAR data, delete the product.

Written by Tom Logan, July 2013

Seasat — Technical Challenges — 10. Quality Issues

After the decoding, cleaning and focusing of the Seasat synthetic aperture radar
(SAR) data, many artifacts still exist in the initial ASF Seasat SAR products. Most of
the artifacts observed in the images result from system interferences during data
acquisition, missing data as a result of multiple transcriptions between media
storage since 1978, and processing decisions implemented in the ASF Seasat
Processing System. ASF's intent is to distribute as much of the historic dataset as
possible to our users while offering transparency about known quality issues.
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These anomalies can be split into those known to be caused by the sensor and
those that are visible in the imagery but not tied to a specific cause.

10.1 Sensor Anomalies

Some anomalies in the ASF Seasat products have a known cause, originating in
some fashion from the platform itself. Sections of no valid data occurring at the
beginning and end of many swaths result in frames with missing imagery. A
calibration pulse embedded into some of the signal data appears as a bright line in
the center of focused frames. An additional calibration signal manifests as a
pattern of dashed lines. Finally, some images show extreme attenuation due to
incorrect sensor parameters.

10.1.1 No Data

During processing, several swaths showed no data at all. Most likely the satellite
was in a test mode during these times. These products were discarded. However,
many of the original swaths start with no data being collected, introduce real data
after some number of lines and end the datatake with another patch of no data
collection. This means that swaths contain both invalid and valid data. Since the bit
fields that may have given information on whether the satellite was actually
imaging were unreliable, ASF chose to process all of the data in each swath.

Then, during the Quality Control (QC) process, products that contained less than 50
percent valid SAR data were discarded. Products that contained more than 50
percent were kept and made available in the ASF data pool. Thus, some of the ASF
Seasat products contain areas of no valid SAR data, which are easily identified by
blackness resulting from having no data to focus during processing.

No Data Examples
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No Data: The bottom half of this scene holds no valid SAR data. It was decided that
any scene with more than 50 percent valid data would be saved and published.
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No Data: This scene ran out of valid data right at the end of focusing. Note how the
brightness fades as each successive line has less and less valid data to focus.
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No Data: This image has no valid SAR data in the bottom half.

10.1.2 Calibration Pulse

During the start of the Seasat mission, when engineers were still testing system
parameters, a calibration pulse was introduced into the raw signal data.
Unfortunately, because the mission was cut so short by a power failure, much of
the Seasat data has an embedded calibration pulse.

1B61lPage



This pulse, when focused, forms a bright white line in the azimuth direction,
somewhere near the middle of the swath.

Initial investigations into the calibration pulse show that it can be removed
algorithmically. It is ASF's intention to remove the pulse in future releases of Seasat
SAR products.

Calibration Pulse Examples
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Calibration Pulse: Kuskokwim Delta, Alaska — This image shows the effects of the

calibration pulse — a white line in the azimuth direction near the middle range of the

image. Also visible s banding near the bottom of the image.
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Calibration Pulse: This image a-gain shows the calibration pulse line near the middle
of the image. Also readily visible is the effect of a data window position shift on the
calibration pulse’s location in the image.

10.1.3 Dashes
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Another signal was embedded into the Seasat raw data. This one creates a set of
short lines across the range direction of an image when focused. It has been
verified that this signal is a real occurrence in the raw data. It is not known what the
origin or intent of this signal was. It is noted that whenever this signal is present in
the data, the calibration pulse is not.

Although often the calibration pulse precedes and follows a section of dashes in an
image, it also appears in data that has no calibration pulse. It is unclear if this signal
can be removed from the raw data in a future release of ASF Seasat products, but
that step will be examined for feasibility.

Dashes Examples

| . SR
Dashes: A distinctive pattern of lines occurs reqularly in focused Seasat data.
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Dashes Examples
kool
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Dashes: The dash pattern across this image occurs in several Seasat images. It is
noted that the whenever the dashes occur, the calibration pulse stops. This
indicates that the dashes were intentionally placed into the signal data by Seasat

engineers.

10.1.4 Attenuation
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Some of the ASF Seasat products have extreme across-track attenuation. The
effect is that the near range of the image is very bright, while the far range is quite
dark. It was initially thought this had to do with the gain control on the satellite
(which was one of those unreliable bit fields). However Jet Propulsion Lab (JPL)
engineers indicate that it is possible this was caused by incorrect delay-to-
digitization settings during the first part of the Seasat mission. In any case, this
effect probably can never be removed from the imagery, only noted as a data
quality issue.

Attenuation Examples
Extreme Attenuation

B

e
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Extreme Attenuation: This image shows the extreme attenuation present in some
of the Seasat imagery. It is understood that this resulted from anincorrect
parameter setting.

Not Extreme Attenuation
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Not Extreme Attenuation: For comparison purposes, here is another Seasat image
that shows similar content (seaice) but does not display the extreme across-track
attenuation.

10.2 Image Anomalies

It is commonly known that SAR imagery often has data anomalies, arising during
image acquisition or processing, that visually impact focused products. These can
be the result of atmospheric effects or of missing data. It is possible they are
effects from the data cleaning not being done properly. In time, the causes for
many of these anomalies may be determined and addressed; however, ASF has not
yet completed a full analysis. Still, the following anomalies were noticed and
annotated during the visual QC process.

10.2.1 Banding
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Banding across SAR imagery is a fairly common occurrence and can be the result of
atmospheric effects or poor data. Some banding was noticed in the ASF Seasat
products.

Banding Examples

Across-Track Banding: Often very subtle, across-track banding like that visible in
this image occurs in some of the Seasat SAR products created at ASF.
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only a single band is present across the

, but it is quite bright.

1

Across-Track Banding: In this example

bottom of the image

169|Page



Non-regular Banding: It is common for across-track banding to show some
curvature, as is displayed across the top of thisimage. This is due to the range
migration portion of SAR focusing.

10.2.2 Along-Track Streaks
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Much, if not all, of the Seasat imagery shows some amount of along-track
streaking. Although ASF removed some of these streaks using the range spectra
filtering, some remain.

Along-Track Streaks Examples
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Along-Track Streaks: In spite of the spectral filtering applied, some Seasat imagery
still displays along-track streaks. Since these occur in much of the imagery, they
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are most likely due to systematic sensor or data collection errors. The cause is
being investigated.
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Hidden Streaks: Often along-track streaking is hidden by brighter returnsin the
imagery. However, when dark areas occur, especially in the far range, along streaks
become obvious.

10.2.3 Across-Track Streaks
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In addition to the along-track streaks, across-track streaks also occur. Typically
these are lines across the imagery, often bent in one direction or another. This
bending results from the range migration portion of the SAR focusing algorithm.

Across-Track Streaks Examples N
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Across-Track Streaks: Across track streaking is readily obvious in th|s scene.
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Along-Track and Across-Track Streaks: Some imagery evidences multiple data
quality anomalies, like this image with both across-track and along-track streaks.

i

10.3 Missing and Partial Lines

When the Seasat data was first decoded, over half of the datasets showed time
gaps. In the end, missing lines were filled with random values in 494 out of 1,346
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swath files. Although the worst saved file had 136 gaps filled, only 34 files had 10 or
more gaps, while 288 files had only one or two gaps in them.

To ensure users are fully aware of data anomalies that may cause analysis issues,
any missing lines that occur within the raw data used to focus a product are
annotated in the XML metadata files provided with the products.

Data Gap Information in XML: Each time a data gap occurs in the
raw data used to create an ASF Seasat product, it is annotated
inside the XML metadata file.

In addition to missing lines, partial lines occurred reqularly during the
Seasat decoding. In fact, some number of partial lines were found in
1,170 of the 1,346 cleaned swath files processed at ASF. The worst files
had up to 42 percent partial lines. However, those files did not process
correctly. Only files with less than 4.5 percent partial lines focused into
imagery. Only 32 of the cleaned swath files that ASF processed into
products had more than 1 percent partial lines.

Several of the swaths with the worst partial lines were processed and examined
visually for effects; none were noticed. It was noticed that in most cases the
majority of partial lines occurred near the start of the first product in a swath. This
makes sense, as SyncPrep broke raw signal files into pieces when the data was first
byte-aligned. SyncPrep breaks the files only if it loses sync, i.e. if a bad section of
datais encountered. It is no wonder then that the start of many of these swath files
have some amount of partial data in them.

Because of the lack of visual effects from the partial lines and the small number of
files affected by any large amount of partial data, this information was not
annotated in the metadata files. It is possible that in future releases this
information may be made available in the product metadata if it is requested.

10.4 Missing and Partial Lines

In the beta release of ASF Seasat products, no advanced geolocation corrections
were applied. However, a few modifications were made during development that
have brought the observed geolocation errors to within 1kilometer in most cases.

ASF compared state vectors derived from Two Line Element files at CelesTrak with
the Seasat precise orbits solutions made as part of the NASA Ocean Altimeter
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Pathfinder Project. It was determined that the precise orbit solutions gave better
geolocations in final products and were, therefore, used in the production of the
Seasat detected image archives.

Satellite imaging times were filtered as accurately as possible. First, a crude time
filtering was applied to fix gross errors greater than 513 from the local trend line.
Next, sticking satellite clock times were brought into line, and a final linear fit was
performed to bring all time values to within 2 msec of the new linear trend. Then, all
discontinuities in the time fields of the data were found and fixed. Finally, the start
times of all files were changed to match the linear trend of the rest of the file.

Although ASF has not undertaken a thorough analysis of geolocation accuracies, it
was noted that Seasat geolocations usually show an across-track error. To adjust
for this, a negative 1,000-meter slant range shift was introduced into the products
when calculating georeferencing information. Users are advised that when
attempting to recreate the geolocations stored in either the HDF5 or the GeoTIFF
products, this -1,000-meter slant range shift must be taken into account.

In the end, the data quality group at ASF examined only six different sites for
geolocation accuracy. Each image’s geolocations were matched against the same
feature in an Advanced Land Observing Satellite (ALOS) Phased Array L-band
Synthetic Aperture Radar (PALSAR)image. This removed any concern over
geolocation shifts dues to terrain height; i.e., the terrain height would affect both
the Seasat and the ALOS images similarly, meaning the effect would be cancelled
out.

Site Location Observed Geolocation Offset
Albany, OR 1300.7

Big Delta, AK 908.8

Datchet, England 812.5

Dallas, TX 1611.8

Milton, LA 351.9

Apalachicola, Florida 152.1

Geolocation Analysis:The ASF data quality group, comparing locations in the
Seasat images with locations in ALOS PALSAR imagery, examined six sites. Offsets
are given in meters.
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Written by Tom Logan, July 2013

Seasat — Technical Challenges — 11. Data Product
Formats

This section provides a detailed description of the HDF5 data format used for the
final generation of Seasat synthetic aperture radar (SAR) products. Although it does
not cover a technical challenge, it is included for completeness of the processing
description.

11.1 HDF5 Products
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S5_00788_STD_F3003.h5
¢ data

B HH

B lat

B latitude

& lon
&R longitude
&R time
¢ @ metadata
o C4 generalHeader
o~ € instrument
o €4 platform
o €4 processing
o €4 productComponents
o €4 productinfo
o~ €4 productQuality
o Q4 productSpecific

O
E‘ setup Figure 1: Data layout of the HDFS5 files

The Hierarchical Data Format (HDF)is the standard format of NASA’s Earth
Observing System (EOS) mission. Its development by the HDF group is carried out
through a subcontract under Raytheon Contract funded by NASA (The HDF Group,
2013).

The HDF5 datasets(.h5) provided by ASF are detected Seasat SAR images in ground
range geometry. The layout of the Seasat HDF5 productsis shown in Figure 1. It
contains two groups: data and metadata.
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The data group contains the SAR data as backscatter values in the HH layer. In
order to provide basic geolocation information, two additional layers, latitude and
longitude, are added. They contain geographic coordinates for every pixel in the
image. The time variable completes the compliance to the Climate and Forecast
(CF) metadata conventions (CF Conventions Committee, 2013).

The structure within the metadata group was modeled after the TerraSAR-X
metadata (Astrium, 2013). The generalHeader section defines very basic metadata
such as mission and data source. The instrument section summarizes radar
parameters and settings. The satellite flight path with its orbital parameters is
described in the platform section. The processing section provides vital
information about Doppler as well as about processing parameters and flags. All
product components are included in the productComponents section. The general
product information is given in the productinfo section, while the SAR specific is
stored in the productSpecific section

Finally, the setup section provides details about data ordering and processing.

Users are advised that the Seasat HDF5 products may have substantial geolocation
errors. The ASF Seasat HDF5 products have the file extension .hb.

11.2 XML Metadata

The same metadata structure that is stored in the HDFb file is also saved as an XML
file (.xml)and bundled with the ASF Seasat products. The XML (Figure 2) allows for
simplified access and parsing of metadata information.
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" 85_00B38_STD_F0217.xml -

1 <?xml version="1.0" encoding="UTF-8"7>

2 <levellProduct xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance” xsi:noNc
3 <generalHeader fileName="S5_0@838_STD_FB217.xml" fileVersion="1.0" status='
4 <itemName>LEVEL 1 PRODUCT</itemName>

5 <mission=SEASAT</mission>

6 <sourcesnew_fixed_tapel7_01Kto667K.148_00@.dat</source=

7 <destination:>DATAPOOL</destination>

8 . <generationSystem-ASPS-vl.@</generationSystem

9 <generationTime>2013-06-15T00:06:37. 0000002 </generationTime:>
10 <revision>0PERATIONAL</revision>

11 </generalHeader>

12 <productComponents>

13 | <annotation>

14 _ <type>MAIN</type>

15 <file>

16 <location>

17 { <host>. </host>

18 : <path>.</path>

19 I <filename>SS5_0@838_STD_F@217.xml</filename>
20 </location>

21 <size>-l</size>

22 i </file>

23 . </annotation:

24 i <imageData layerIndex="1">

25 | <pollayer>HH</polLayer>

26 | <file>

27 | <location>

28 : <host>.</host>

29 i <path>.</path>

30 i <filename>S5_0@838_STD_F@217.h5</filename>
31 </location>

32 <size>-l</sizes>

33 L </files

34 __</imageData>

Figure 2: Seasat metadata in XML format

The development of XML metadata that is compliant to ISO 19115 and other related
standards (NOAA EDM, 2013) is a work in progress. The SAR geometry is not
comprehensively described with the current standard elements. In collaboration
with Ted Habermann, now Director of Earth Science at The HDF Group, standards-
compliant metadata for SAR data and best practices for future NASA missions are
being developed. The current prototype structure is summarized in Figure 3. The
ISO-compliant XML metadata files(.iso.xml), distributed as part of Seasat products,
are considered experimental, and their structure is subject to change.
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+f fileldentifier
w language

/|« characterSet
/ ’__Q parentidentifier
."u + hierarchyLevel
i, /] Q hierarchylevelName
.'.“,-"I. V" contact
ﬂuf, / ~ dateStamp (dateTime)
ﬁ.'u":” // + metadataStandardName
r".'. / + metadataStandardversion
e & dataSetURI
6 locale
+ spatialRepresentationinfo .
& referenceSysteminfo
/E metadataExtensioninfo
+ identificationinfo n
+ attributeDescription
+ contentinfo / + contentType
\ + dimension _

~ d|stnbut|onFormat
+/ distributioninfo |~/ distributor _

I\ @tranferoptmns
+ scope

\\ + dataQualityinfo | report
\ " 4 Ilneage
|\ \_@ portrayalCataloguelnfo

':'.5'. useLimitation

\ ) + accessConstraints
hn:l ' </ metadataConstraints MD_LegalConstraints R
' k & otherConstraints
I ! _QI applicationSchemalnfo

@ metadataMaintenance
-+ acquisitioninformation

Figure 3: Prototype of an IS0 19115 compliant metadata structure for SAR data.

Yellow backgrounds indicated mandatory elements, while green are conditional and
blue optional.
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11.3 GeoTIFF Products

GeoTIFF is a public domain metadata standard that allows georeferencing
information to be embedded within a TIFF file. The GeoTIFF data products are
geocoded to the Universal Transverse Mercator (UTM) map projection, using the
zone that best represents the data’s geolocation. The original 12.5-m pixel size and
the floating-point values of the ground range HDF5 products are kept in the
GeoTIFF format. Because this product type does not require additional geographic
information, it only contains a single layer of SAR data and is considerably smaller
than the HDF5 product. Users are advised that the Seasat GeoTIFF products may
have substantial geolocation errors. The ASF Seasat GeoTIFF products have the file
extension .tif.

Written by Tom Logan, July 2013
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