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1.0 INTRODUCTION

Sea clutter is a major impediment to the detection of small
targets at sea. The design and selection of radars and radar
signal processing algorithms for use in a sea clutter environment
is directly influenced by the available knowledge on sea clutter.

The average value of the ocean normalized radar cross section,
g°, will affect the radar resolution cell size required to
achieve a specific signal to clutter ratio and will therefore
affect radar parameters such as pulse length and antenna
beamwidth. The statistics of ¢° will influence the types of
signal processing that will be effective in the suppression of
the variations in the clutter return. A model is therefore
required that will permit the prediction of radar sea clutter as
a function of environmental and radar parameters.

Sigma Engineering Limited has compiled a radar data base that may
aid in the development of a comprehensive sea clutter model.

This data base was compiled during four field programs dating
from 1984 to 1987 using radars in surface and airborne
configurations.

This report, prepared for Defence Research Establishment Ottawa,
documents the component of the data base appropriate to sea
clutter and provides an assessment of data quality and the its
usefulness for sea clutter modelling. The assessment includes a
review of the radar calibration and provides levels of confidence
that could be placed on measurements of radar cross section

(Section 2). Section 3 provides a review of data documentation
including listings of environmental and radar parameters for each
experiment. A discussion is provided in Section 4 on appropriate

analysis techniques for use with the data. Selected sample
calculations of o0° are provided in Section 5 for different sea
states, wind speeds and grazing angles and these values are
compared to the predictions of some existing sea clutter models.
Section 6 provides conclusions and recommendations.
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2.0 RADAR CALIBRATION

The measurement of a target’s radar cross section from its radar
signal requires the ability to make quantitative measurements of
received power. This is the objective of the radar calibration.
All of the radar data to be considered here was acquired from
radars utilizing non-coherent detection and the discussion will
therefore be confined to the amplitude calibration of a single
channel receiver and recording system. The following sections
provide a discussion of the general calibration procedure used
and a description of the calibration of each of the data sets.
Confidence levels for each data set are provided.

2.1 Methodology

As all data sets were collected at sea it was considered most
appropriate to use calibration procedures as described by Horst
and Ewell (Currie, 1984). This procedure consists of a
calibration of the receiver/recording system by injecting known
power into the radar front-end and recording the receiver output
voltage as the injected power is varied over the receiver dynamic
range (in 5 dB steps). The result is a curve of injected power
versus receiver output voltage. Ideally all other system
parameters such as antenna gain, transmission line losses and
transmitter power should be measured. Figure 1 provides the
general calibration set-up used for all experiments indicating
the equipment used.

Antenna
I | [ I
Power Directional Signal
Meter Coupler Generator
I
Analogue Transmitter
Oscilloscope Receiver
I
RADAR
A/D
INTERFACE
PDP 11/23+ Tape Drive
I I
Display Terminal

Figure 1 General calibration system configuration



The measure of how well the system is calibrated is made by
attempting to ‘close’ the calibration on a target having a known
radar cross section. As closure of the calibration was being
attempted over the ocean it was necessary to identify multipath
effects on the cross section measurements. Multipath propagation
is caused by presence of a reflecting surface, the ocean, between
the radar and the target giving the radar signal two paths to the
target, one direct and one via reflection from the ocean surface.
When the geometry of antenna height, target height and range
combine such that there is 180° phase shift between the direct
and reflected signals, the two signals subtract causing a
multipath null. 1In contrast, when the phase shift is 360° the
signals add causing a multipath lobe. 1In order to consider the
effect of multipath on radar cross section the radar equation may
be written as,

Pr(4m)3LR4
oF4 = (1)
PtGZAZ
where o = radar cross section, m?

Pr= received power, watts

P¢= peak transmitted power, watts
= antenna gain

= system power losses

radar wavelength

= range to the target, meters
1= multipath propagation factor.

Mo oEQ
]

(

(<_
The principle reference target utilized for these experiments was

a 10 m? Luneburg lens mounted on either a plastic or fiberglass
buoy. The 12" diameter lens reflector has an omni-azimuth
pattern with a 30° vertical pattern (manufacturer information is
provided in Appendix A). Utilizing the recorded voltage from the
lens and the receiver calibration curve an estimate of the
received power from the lens is obtained for each radar scan.

The received power was used with the other parameters in the
radar equation (Equation 1) to calculate the radar cross section
of the calibration target. The degree to which the calculated

cross section agreed with the known cross section gave the level

-0f confidence that may be placed in radar cross section
"measurements made on other targets using the data sets.

" Alternatively, the radar equation may be used to calculate the

- expected received power from the target which is compared to the

actual received power.

The following sections describe in detail the calibration
procedure of each of four data sets. Included are descriptions
of the method of producing the calibration curve input power
versus digital voltage level as well as measurement of all other
system parameters. For each experiment a discussion of the
effect of the multipath propagation factor, F, on the calibration



closure is included. Each section will establish a level of
confidence in that particular calibration from the results of the
procedures described within. As experience was gained over the
four years of data acquisition programs the calibration procedure
was refined such that the highest confidence levels were obtained
for the last two experiments which utilized the airborne radars.

2.2 Sedco 706

In the winter of 1984 an ambitious program was undertaken to
evaluate marine radar for iceberg detection. A semi-submersible
drilling platform located 200 nmi from the coast of Newfoundland
was selected for the experimental platform as it offered four
different radar systems, two X-band and two S-band, having
different antenna heights. Table 1 provides the specifications
of the four radars.

Table 1

Radar specifications on the Sedco 706 and Polar Circle

Experimental designation of radar

Characteristic X1 S1 X2 S2
Frequency (MHz) 9410 3050 9410 3050
Transmitter peak power (kW) 18.5 27.0 11.5 25.0
Pulse length (us)c L 1.00 1.00 1.00 1.00

M 0.25 0.25 0.25 0.25

S 0.05 0.05 0.05 0.05

Pulse repetition frequency (Hz) L 825 825 825 825

M 1650 1650 1650 1650

S 3300 3300 3300 3300

Receiver bandwidth (MHz) L,M 5 5 5 5

, S 18 18 18 18

Receiver noise figure (dB) 6.0 4.0 10.0 10.0

Horizontal beamwidth (3dB) (deg.) 0.8 2.0 0.8 2.0

. Vertical beamwidth (3dB) (deg.) 20 30 15 25

- Antenna gain (dB) 32 26 33 27

System losses (dB). 3a 28 6 5
4b 3p

Antenna height (m)’ 75a 758" 45 35
: ' 15b 15b

Number of pulse per beamwidth 3.67 9.17 3.67 9.17

a During the Sedco 706 experiment
b During the Polar Circle experiment
¢ L=Long pulse; M=Medium pulse; S=Short Pulse.



A single channel radar data acquisition system was used to
collect data from the four radars in sequence. The system was
configured to sample the radar video at 1.5 and 6 MHz using 6 bit
quantization. The two older radars (designated X2 and S2 in
Table 1) could not be completely calibrated using the injected
signal method outlined earlier as access to the waveguide at
their antennas was not possible. As a result there remains
unknown waveguide losses that may only be compensated for by the
use of a consistent target having a known radar cross section.

On the other hand the two radars mounted at the derrick top at a
height of 75 meters (designated X1 and S1 in Table 1) were
calibrated using injected signals at the antenna of each radar
thereby compensating for any waveguide loss. Transmitter peak
power measurements were also made at this point. The
transmitter/receiver units of these radars were mounted at the
derrick top close to the antenna giving short wave guide runs of
about 1.5 meters. The measured MDS (Minimum Detectable Signal)
of the S-band radar (S1) was within 1 dB of specification at -103
dBm (fitted with a low noise front-end having a 4 dB noise
figure) while the X-~-band radar (X1) was found to have an MDS of -
97 dBm which was about 5 dB worse that its expected value (-102
dBm). Due to the position of the radars at the derrick top and
the prevailing environmental conditions it was only possible to
calibrate these radars once during the experiment, at the very
end, and it was therefore not possible to investigate the 5 dB
discrepancy in the X-band MDS. It was noted throughout the
experiment that the X-band was not performing all that well on
the small contacts indicating the possibility of some from of
radar malfunction. Discussions with the radar manufacturer and
further investigation after the experiment led to the conclusion
that the problem may have been in the low noise front-end.
Figure 2 provides the injected power calibration curve for both
the X1 and S1 radars. It may be seen how steep the X-band curve
is in the range from -85 to -95 dBm. This curve was obtained by
plotting straight line segments between 5 dB measurement points.
It is expected that quantitative measurements below 85 dBm will
be difficult using the X-band data due to the_course resolution
below this power level. The S-band curve has a more gradual
slope than the X-band radar and again was obtained by plotting
straight line segments between 5 db measurement points. In both
cases it may be seen how the 6 bit A/D convertér prov1des course
resolution in the lower power ranges. T

The calibration data was not closed at the time of analysis as a
suitable calibrated target had not been deployed due to
operational constraints. However, subsequent to the analysis it
has been proposed to use two other targets that were deployed in
the area at the time. A wave rider buoy and a current meter were
moored 0.64 nmi and 1.2 nmi, respectively, from the rig. The
wave rider buoy is a stainless steel sphere having a cross
sectional area of 0.5 m2. The current meter is the same as the
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wave rider except for the addition of a 12" corner reflector
mounted 2 meters off the ocean surface. These targets are
available in the data base whenever full 360° data was collected
which was virtually every day of the experiment.

-40

Injected Pewer (dBm)

_100 :lv’lrv]r1l|ll||1!l|llI'IIIIVIIIVI1|1vvlvvﬁ]vrv|lvl|vlv[lll|ll
i 5 9 13 17 2¢ 25 29 33 37 4 45 49 53 §57 61

Digital Level (0—63)
-'_

o X—~band . S—band

Figure 2 Calibration curves for radars on the Sedco 706

In conclusion, the present state of the calibration of the Sedco
706 data is that the highest level of confidence exists with the
calibration of the derrick top S-band radar (S1) as the injected
signal calibration and MDS measurements provide results
consistent with the radar specifications. In addition, the
calibration signals were injected at the radar antenna and
transmitter peak power was also measured at this point ensuring

any waveguide losses are compensated for in the calibration. Any

remaining error in received power estimates would have to come
from estimates of antenna losses (i.e.; rotary joint etc.) and
antenna gain. It is expected that the antenna gain will not vary
significantly from:the manufacturers specifications and that the
antenna losses will¥1.5 dB or less. As a result the S1 data
could probably be used with the assumption that the radar cross
section estimates would be accurate to within 3 dB. On the other
hand the other radars used for this data set had sufficient
discrepancy in MDS and receiver characteristic to warrant very



cautious use of that data until satisfactory closure on a known
target is demonstrated.

It is therefore recommended that, prior to the use of any of the
data from the Sedco 706 data base, closure of the data on the two
moored targets, the sphere (waverider buoy) and the corner

reflector (mounted on the current meter) be attempted. During
the experiment the sea conditions were sufficiently low on
several occasions to permit detection of both targets. It is

expected that the derrick mounted S-band radar will close to
better then 3 dB and that this data will be useful for the
extraction of ocean normalized radar cross sections.
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2.3 M.V, Polar Circle

In the winter of 1985 an extension to the 1984 field program was
undertaken to acquire additional radar data on icebergs and sea
clutter. A new radar interface was built for the experiment and
configured to sample the radar signal at 4 and 8 MHz with 8 bit
amplitude resolution. A ship, the M.V. ‘Polar Circle, was
selected for this work as it would provide more flexibility in
data acquisition on icebergs. The radar that had been used on
the Sedco 706 had been decommissioned since the previous year so
it was acquired and installed on board the ship. The low noise
preamplifier was removed from the X-band radar to ensure that
similar problems to the previous experiment did not occur. The
specifications of the radars used are the same as that provided
for the X1 and S1 radars in Table 1. Figure 3 provides a profile
view of the ship with radar installed at a height of 15 meters
above the water line.

Figure 3 Radar system configuration on Polar Circle

The dual X/S antenna was installed on the main mast after
removing the existing radar for the experiment. . The radar
transceivers were mounted inside the main mast and flexible
waveguide (approximately 3 meters length) was used between the
transceiver and the antenna units. The directional couplers were
installed in the waveguide at the transceiver and were used to



measure transmitter power and to inject calibration signals.
Power measurements were made on a continuous basis (daily) and
injected signal calibration runs were carried out several times
during the field program. Modifications to the radar interface
settings resulted in different sets of calibration curves for the
first and second parts of the field program. All injected signal
calibrations are backed up by closure data collected on a 10 m?
Luneburg lens mounted on a heavy plastic mast at a height of 3
meters above the ocean surface. Figures 4 provides receiver
calibration curves for the earlier calibration where a regression
curve has been drawn through the data points.
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Figure 4 Calibration curves for radars on Polar Circle

Similar curves are available for the later part'of the experiment
when radar interface settings were altered to provide for the
recording of more of the radar signal dynamic range.

In order to investigate the accuracy of the calibration, closure
was attempted using data collected from the 10 m2 Luneburg lens.
Recorded digital voltage was converted to received power for 32
consecutive antenna scans on the target. Ideally, free space
measurements of the reference target are made but due to the
severity of the multipath environment in the shipboard
configuration this was not possible. In this case the 32 scans
of radar signal data were collected at one fixed range such the
consistent geometry over the sample time results in some average
multipath enhancement. It was therefore deemed necessary to use



the method proposed by Horst(Currie,1984) to close the
calibration. In this process the multipath field of the target is
estimated as accurately as possible and compared with the peak
signal strength received from the reference target. The received
power in the multipath environment has been predicted using the
radar equation and a spherical earth model for the propagation
factor based on the formulation provided by Blake(1980). Figure
5 provides the predicted received power from the 10 m2? lens as a
function of range for both free space and multipath propagation.

-10 -

-~20

30 -

—40 -

=50

—-60

Power Received (dEm)

-70

—-80 —

-90 -

"'100 I AR AN R AR S NN R AR RAREAARANRARARSNANALA NS RARAAREARERAARRRA LA AARRILAREA!

1.0 20 30 4.0 5.0 6.0 7.0 8.0 9.0 10.0

Range (km)
O Tape 70, 16/04/85 +  Tape 27, 30/04/85

Figure 5 Predicted X-band power versus range for a 10 m?2 target

The radar parameters used to generate these curves are provided
in Table 1. Also plotted in Figure 5 are received power
measurements from two calibration runs, one early in the
experiment (Tape 27) and one later (Tape 71). In both cases the
X-band calibration closes to within 3 dB. Similarly, Figure 6
presents predicted received signal power for the S-band radar
using the same target. The radar cross section of this target at
S-band is estimated to be 1 m? and Table 1 provides the radar
parameters used for the calculations.

10
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Figure 6 Predicted S-band power versus range for a 1 m? target

The worst difference occurs for the earlier calibration (Tape 27)
where the difference is 3.5 dB using the 1 us radar pulse.
Another calibration carried out just after this one using the
0.25 us radar pulse closed to within 2 dB. The latter
calibration (Tape 70) closed to within 1 dB.

In summary, the radar calibration conducted during the field
program demonstrates a worst case closure to within 4 dB for S-
band and to within 3 dB for X-band. As a result measurements of
radar cross sections using this data base may be made with
confidence. ' '

2.4 King Air B200 - APS-504(V)3

The APS-504(V)3 is a conventional non-coherent pulsed radar
having a short pulse of 0.5 us and a transmitter peak power of
100 kW. Complete specifications for the (V)3 are provided in
Table 2, Appendix B.

The system calibration established the relationship between the

11



digital value recorded by the recording system and the radio
frequency (RF) power received at the input of the receiver. The
receiver and recorder system transfer characteristics were
established directly using injected signals from a signal
generator and digitizing and recording the resultant output on
tape. The voltage output of the receiver was also measured so
that the transfer characteristics of the receiver and the
recording system could be separated. This calibration was
carried out twice during the experiment with no measurable
changes in characteristics. Figure 7 presents the plot of power
versus recorded digital level.

P<DBM)

-50.0 -

m.o -

-90.0

-100.0

L] i 1 L I I ¥ L L}

5.5 51.0 7.5 1.0 127.5 1583.0 178.5 24.0 29.5
DIGITAL LEVEL

Figure 7 Calibration curve for the APS-504(V)3

Several times throughout the experiment the radar transmitter
power and receiver sensitivity were measured using a peak power
meter and signal generator. These measurements agreed with the
manufacturers specification. Any other required parameters were
supplied by the radar manufacturer. A summary,of the resultant
radar parameters and their comparison with measured values is
provided in Table 2.

12
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TABLE 2

Measured and estimated radar parameters, APS-504(V)3

Feature Specification Measured Date Estimated
value (1986) value
Transmitter 100 95 03 Apr
power (kW) 98 20 Apr
115 26 Apr
Minimum detectable -104 03 Apr -105
signal (dBm) -105 20 Apr
-106 26 Apr
Antenna gain (dB) 32
System two-way ‘ 1.6

losses (dB)

The calibration was then ‘closed’ on a 10 m?2 Luneburg lens
reflector using the radar equation (Equation 1) with the measured
radar parameters and the system transfer characteristics. Data
on the lens were collected at ranges from 2.3 to 16.3 nautical
miles and free space radar cross section calculated. It should
be noted that free spaced radar cross section was used for
several reasons. The geometry was changing over the 2.3 to 16.3
nautical miles range, tending to smear any multipath effect. At
high grazing angles the multipath effect will be broken up by
surface roughness. Finally, both the aircraft and target height
are continuously varying over the data collection path thereby
making the multipath theory applicable only in some average
sense. Thus, the average radar cross section from the sample was
compared directly to the true cross section of the reference
target to close the calibration. The average cross section for
this set of data points was 8.9 m2 which is 0.5 dB below 10 m2.
A similar pass by the target revealed an average radar cross
section of 16.9 m?2, a 2.3 dB discrepancy from the true value.

As an alternative the method used previously on the Polar Circle
may be revisited here as an added verification. The free space
cross sections from the data set described above are plotted in
Figure 8 with oF* for a 10 m? radar cross-section.
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Figure 8 Calculated radar cross section versus range for the
10 m 2 reflector - unaveraged data.

Note that comparing the data points maximums to the predicted
multipath enhancement again shows very good agreement. Also note
that nowhere are multipath nulls observed in the data. Figure 9
plots the same data as Figure 8 except a moving average of five
radar scans (10 seconds) has been taken.

The aim here is to demonstrate that the multipath effect is
observable if geometry is kept constant or nearly constant. The
trend illustrates that data cross section minimums and maximums
are located close to multipath minimums and maximums indicating
the presence of the predicted phenomena. However, the lobes and
nulls in the data do not deviate from free space as sharply as
the model predicts, indicating a smearing effect from the change
in target height, ‘aircraft height and range (aircraft moved 800 m
in 10 seconds). :

14
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Figure 9 Calculated radar cross section versus range for the
10 m 2 reflector - moving averaged of 5 data points.

In conclusion, two passes by the 10 m?2 reflector have been used
to close the radar system calibration. The agreement in all
cases is better than 3 dB.

2.5 King Air B200 - APS-504(V)5

The APS-504(V)5 is a coherent, pulse compression radar capable of
pulse-to-pulse frequency agility. The radar has two compressed
pulse lengths, 0.2 and 0.03 us and a 0.2 us uncompressed pulse.
Table 1, Appendix C provides radar specifications for the APS-
504(V)5.

As with the APS-504(V)3 the calibration included the use of a
microwave signal generator to inject known signals into a
directional coupler installed in the waveguide between the
.transmitter/receiver unit and the antenna. The receiver output
from 320 pulses was recorded on magnetic tape while the injected
. power levels were varied over the radar’s dynamic range in 5 dB

- steps. This calibration data was used to create a
‘receiver/recorder curve of received power versus recorded digital
~voltage. The process was carried out for the three available

" "pulse lengths (0.20 ps uncompressed and 0.03 and 0.20 us

~compressed pulses). The radar uses a non-linear Frequency
Modulation technique to generate a pulse compression waveform for
the 0.03 and 0.20 us pulses. A pulse compression gain is '

15



achieved when the received signal is compressed in a Surface
Acoustic Wave (SAW) device from 10 and 30 us to 0.03 and 0.20 us
respectively. Utilizing a fixed frequency signal generator for
calibration results in the generation of a curve of relative
power versus receiver output voltage. o

Transmitter peak power was measured several times throughout the
data collection program and estimates of system losses were
provided by the manufacturer.

Utilizing manufacturer specified antenna gain and transmission
line losses the calibration was closed on the 10 m2? Luneburg lens
reflector using the procedure described in Section 2.4. The lens
reflector was deployed at sea on a 2.5 meter high fiberglass
buoy. This closure was obtained using fixed frequency operation
on the 0.2 us uncompressed pulse. The data used for closure was
collected over 264 radar scans (approximately 9 minutes elapsed
time). The average free space radar cross section from the data
set was calculated to be 7.3 m? with a maximum of 64.1 m2,
closure within 2 dB of 10 m?2. Similar data was collected for the
compressed pulses and the relative calibrations of the compressed
pulses (obtained by the injected power method) were normalized to
the uncompressed pulse data.

In order to obtain an estimate of the uncertainty of individual
received power measurements a statistical analysis was performed
on the 320 injected power samples and probability distribution
calculated. Figure 2, Appendix C provides the probability
distributions for ‘injected power levels of ~-55 dBm and -80 dBm.
The distributions have been normalized to the mean digital level
for each injected power level. Over this injected power level
range the slope of the receiver calibration curve is 0.3 dB per
digital level giving a probability of exceeding a 3 dB error for
a single sample of less than 10-2 for both injeécted power levels.

At the higher signal to noise ratio (about 45 dB for -55 dBm) the

error at the 10-2 probability point is 2.0 dB. Of course this
measure also includes any possible signal generator power
fluctuation during the calibration procedure.

To summarize, data collected on the 10 m2 reflector have been
used to close the radar system calibration. The agreement for
the 0.2 us pulse is within 2 dB. The relative calibration of the
compressed pulses have been made absolute by using the closure of
the 0.2 pus pulse as a reference. '
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3.0 DOCUMENTATION AND DATA REVIEW

The existing sea clutter data base has been compiled from four
separate radar data collection programs conducted between 1984
and 1987. These field experiments consisted of rig based, a ship
based and two airborne acquisition exercises. Since these
experiments were conducted from distinct physical platforms and
study priorities were evolving over the four year period each of
the four data sets exhibit unique characteristics. For example
the amount and type of data collected, data digitization rates,
amplitude and azimuth resolution and source of ground truthing
varied between experiments. While each of these experiments are
unique the data acquisition and data storage system was
consistent throughout.

The data base was acquired using a custom built data collection
system interfaced to a PDP 11/23+ computer with data archived to
a 9-track magnetic tape (1600 bpi). Figure 10 shows a block
diagram of the radar recording system.
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| .
I
Navigation Transmitter Radar
Data Receiver Display

| N |

v

]

L 4

—

A/D Azimuth
Word RADAR
¢ | INTERFACE
—Control L— Buffer

DMA (DRV11B)

Tape Drive

PDP 11/23+

| I

Display Terminal

Figure 10 Radar recording system and radar interface



In all cases the radar video was recorded at the output of the IF
amplifier prior to any radar processing. A high impedance input
stage ensured that the radar video was unaffected by the data
acquisition equipment. Radar azimuth data was extracted from the
antenna 3-wire synchro and digitized using a synchro-to-digital
converter. The raw radar data was stored on magnetic tape using
a fixed block length binary format, as shown below:

Tape Format:

H R R ———p R R E H R —

where H header with 1960 words (3920 bytes) containing
environmental,radar and target parameters as well
as date and time information ( Refer to Appendix D

for a sample header).

R = 4128 words (8256 bytes) of data comprised of 32
radar sweeps of 258 bytes length. The first 2
bytes of each sweep provide anténna angle and
range information, followed by 256 bytes ( range
samples ) of raw radar data.

E = End of file for a particular experiment or
parameter combination.

3.1 Sedco 706

A marine radar data collection program was undertaken in the
winter of 1984 aboard the semi-submersible drilling platform
Sedco 706. This experiment provided data from four radar
systems, two X-band and two S-band, with the radar specifications
shown in Table 1.  Table 3 below provides a listing of sea
clutter data collected during this experiment.

The digital data is sampled at rates of 1.5 MHz for the 1.0 us
pulse and 6.0 MHz for the 0.25 us pulse with 6 bit amplitude and 9
bit azimuth resolution. 1In all cases the sea clutter data is
collected about the full 360° with each individual trial storing 6
scans of radar data. At the 1.5 MHz sampling rate 1024 samples
separated by 100 m in range were collected to a maximum range of
102 km, while at 6.0 MHz (25 m sample interval) the maximum range
was 61 km. This corresponds to grazing angles from 1.7° down to
about 0.07° at 6.0 MHz and 0.04° at 1.5 MHz.



Table 3

Summary of sea clutter data, Sedco 706

Date Tape SWH Period WS WD VIS AT ST DPT BP
(1984) No. (m) (sec) (kt) (‘rel) (nmi) (°C) (°C) (°C) (mb)
28 Apr 19A 2.2 - 24 100 poor 2.0 1.2 2 1017.9
08 May 20 4.6 - 30 328 8.0 2.6 0.0 1 998.0
08 May 21 3.5 6.0 28 280 >5.0 1.8 1.6 - 1001.2
08 May 22 3.0 7.0 30 345 6.0 2.0 1.8 1 1004.8
09 May 24 3.4 6.7 30 335 10.0 2.0 1.5 1 1010.4
09 May 25 3.1 6.5 30 335 10.0 1.0 1.5 0 1012.5
09 May 27 2.4 6.0 22 350 15+ 4.0 1.5 0 1017.0
10 May 28 2.1 7.0 11 355 15+ 2.0 1.3 0 1021.5
11 May 29 1.9 5.7 43 254 8.0 2.0 1.5 4 1019.0
11 May 31 2.2 6.8 12 330 9.0 4.0 2.0 4 1021.7
12 May 32 1.6 6.5 14 330 12.0 4.0 2.0 4 1023.0
12 May 34 1.4 7.4 02 145 12.0 7.0 3.8 4 1029.5
12 May 36 0.9 8.0 13 243 0.3 4.0 2.7 4 1030.0
14 May 38 1.1 9.6 25 273 0 5.0 3.1 5 1029.2
15 May 39 1.2 8.0 30 263 0 4.5 3.6 5 1028.0
15 May 40 1.1 6.1 30 275 0 5.0 3.3 5 1026.5
16 May 41 1.2 6.6 34 253 1/8 6.0 3.9 6 1022.1
16 May 42 1.6 5.0 43 250 1/8 5.8 4.6 6 1021.4
17 May 44 2.0 7.0 38 253 0 6.0 4.2 6 1020.9
17 May 45 2.6 7.2 37 250 <1/4 6.0 3.9 6 1023.5

Environmental documentation during the Sedco 706 experiment may be
described as excellent. A full fledged meteorological station was

operating on the drilling rig with complete observations taken
every hour. It should be pointed out that the wind direction was
measured with respect to the rig head (305° T). A waverider buoy
situated about 1/2 nautical mile from the rig provided continuous
chart recordings of wave information through the program. The
significant wave height information found in Table 3 above was
extracted from the chart recording at the exact time of data
collection. Additional documentation was recorded in a field log
book by personnel operating the data acquisition equipment.

In summary, the Sedco 706 program provides 20 tapes containing
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digital sea clutter data. Data is available at two radar frequency

bands, X and S, and two pulse lengths, 0.25 us and 1.0 us. The

integrity of the S-band derrick top data is judged as very good and

the X-band data is questionable at this time. Sea clutter data is

available at grazing angles of 0.04° to 1.7°. Wind speed varied
from 2 to 43 knot and significant wave height from 0.9 m to 4.6 m.
The data set is supplemented by comprehensive environmental and
wave documentation.
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3.2 M.V. Polar Circle

The shipboard data acquisition experiment conducted on the Motor
Vessel Polar Circle in spring of 1985 used radars X1 and S1 which
were used the previous year on the Sedco 706 (Table 1). The intent
of this program was to evaluate the performance of marine radars
for the detection of small ice masses in the presence of sea
clutter. Consequently, a large amount of digital data acquired
contained significant amounts of icebergs and/or pack ice.

However, Table 4 below list 11 tapes of sea clutter data that were
collected during this operation and are classified from very good
to excellent in quality.

Table 4

Summary of sea clutter data, M.V. Polar Circle

Date Tape SWH Period WS WD VIS AT ST DPT BP
(1985) No. (sec) (kt) ("T) (nmi) (°C) (°C) (°C) {mb)

R

09 Apr 4 2.0 7 18 230 21+ 0.4 -0.6 0 1011.6
09 Apr 6 2.0 7 10 230 21+ 2.0 -0.6 -1 1012.4
10 Apr 10 3.0 5 12 310 12 -1.0 -1.0 -2 1018.1
14 Apr 21 7.0 8 21 250 15 -2.% -1.1 -5 1010.0
15 Apr 23 3.0 9 13 250 10 -2.5 -1.1 -8 1020.0
16 Apr 26 3.0 7 10 010 05 -0.5 -0.6 -3 1015.0
18 Apr 31 8.0 6 22 220 1/72 3.6 -0.9 4 996.0
19 Apr 32 4.0 7 23 270 11 -0.7 0.2 -2 1005.3
23 Apr 51 0.3 3 07 130 10 -0.8 -0.1 -2 1011.3
25 Apr 55 4.5 7 35 200 11+ 0.5 -0.9 0 987.1
30 Apr 71 1.0 4 06 140 172 5.0 0.2 0 1002.0

All data was collected over 360° with 9 bit azimuth and 8 bit
amplitude resolution. The sampling rate was 4.0 MHz (37.5 m) for
the long pulse (1.0 us) and 8.0 MHz (18.75 m) for the medium pulse
(0.25 us). As with the Sedco 706 data, six complete radar scans
were obtained for each file. Long pulse data was collected to a
range of about 20 nautical miles and medium pulse data to 10
nautical miles. Grazing angles available range from 0.90° down to
0.02° at 4.0 MHz and 0.04° at 8.0 MHz. ' Unlike the Sedco 706 data,
where the quality of the X-band data is uncertain, the Polar Circle
data quality is good on both frequency bands.

The environmental measurements on the Polar Circle field trip were
not recorded as frequently as on the Sedco 706 but nonetheless
meteorological documentation is complete. During mobilization a
set of meteorological instruments were installed and Atmospheric
‘BEnvironment Service (AES) provided instruction to the data
‘acquisition operator on proper observation and recording procedures
using the Manual of Marine Weather Observing (MANMAR) . MANMAR
data was recorded every 3 hours if data collection was in progress
and sea and weather conditions allowed access to instruments
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3.3 APS-504(V)3

In the spring and summer of 1986 an airborne radar evaluation and
data acquisition program was conducted using an APS-504(V)3 search
radar installed on a Beechcraft King Air 200. Appendix B provides
radar specifications for the APS-504(V)3. During the APS-504(V)3
evaluation 13 tapes of digital data were collected for 11 different
sea conditions. Table 5 provides a summary of the data collected
and the wind and significant wave height present at the time.

Table 5

Summary of sea clutter data, APS-504(V)3

Date Tape Altitude Ant. Tilt SWH Swell Dir. WS WD
(1986) No. (ft) (deg.) (m) (°T) (kt) (°T)
26 May 7 500/4000 3.5/5.0/8.0 1.5 340 8-10 050
31 May 8 500/4000 3.5/5.0/8.0 2.7 210 30 200
04 Jun 9 500/4000 3.5/5.0/8.0 4.5 180 26 250
04 Jun 11 500 0.0 3.0 220 25 220
08 Jun 12 500/4000 3.5/5.0/8.0 1.0 220 16 230
13 Jun 13 330/500 0.5 1.5 <10 260
13 Jun 14 330/500/4000 3.0/5.0/8.0 3.0 040 . 15 260
19 Jun 15 330/500/4000 3.0/5.0/8.0 2.0 190 18 170
27 Jun 17 330/500 0.5 <0.3
27 Jun 20 330/500 1.0 <0.3 d
03 Jul 21 330/500/4000 3.0/5.0/8.0 3.0 240 32 210
04 Jul 24 330/500 1.0 0.5 030 08 110
14 Jul 25 330/500/4000 3.0/5.0/8.0 1.5 260 07 290

The recording equipment for this study was set up to sample the 0.5
ps radar pulse at a 5.0 MHz sampling rate with 8 bit amplitude and
9 bit azimuth resolution. For each combination of radar parameters
six scans of radar signal data were digitized about 360° to a
maximum range of 16.58 nautical miles. Various antenna tilts and
data collection altitudes were employed over the project duration
to include data over a wide range of grazing angles, from less than
0.3° up to 10.0°.

Environmental characteristics such as wind speed and significant
wave height were documented for each flight. During operational
ice patrol flights radar signal data was recorded on the inbound
approach to the drilling rig Bow Drill 3. For these flights
environmental data were extracted from measurements made at the
drilling unit. At times dedicated flights collected radar signal
data in areas far removed from drilling operations. Environmental
data for these flights came from coastal stations in the vicinity
and hindcast from government and private agencies for that area.
Although all meteorological measurements such as temperature and
barometric pressure are not included in Table 5, these are on
record and are available. As with previous programs a field log






