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FOREWORD

This final report summarizes the work done by Raytheon
Missile Systems Division for the TAGSEA Program under General
Dynamics PO #304490-PB, prime contract No. N00017-73-C-2244.
It is submitted in compliance with Data Item A0l5 and is

organized into four volumes to ease handling and for the conven-
ience of the readers. “

Volume I, Clutter Models, reports the essence of the work
and contains the models themselves which were the prime objective
of the clutter portion of the TAGSEA program; it can be read on a
stand-alone basis. Enough peripheral material is also included
to provide a framework for a good understanding of the models.
Volume II, Procedures and Output Forms, provides details and
explanations on methodology including the form of the outputs
and the structures of the clutter simulation effort. Volume III,
Supportive Analyses and Outputs, provides analytical back-up and
a more complete detailed view of the simulation software.

Volume 1V, Standard Clutter Analysis Outputs, is a compilation in

various forms of the mass of data analyzed during the program.
Each volume has its own table of contents which serves to outline
the specific material presented therein.

Raytheon wishes to acknowledge the valuable aid and support
given by members of the team composed of personnel from NAVSEA,
APL/JHU, Technology Service Corporation and General Dynamics.
Many helpful suggestions were made during a series of critiques
and reviews which most assuredly contributed to a better resul-
tant output. The assistance received ranged all the way from
general support and overall guidance to specific supportive
analyses, detailed unpublished comparative data, and suggestions

of exact forms of clutter models and plots which would be most
informative to the community at large.
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7. EQUIPMENT

\

5

(??quipment used in clutter data gathering, reduction and
analysis included; the ARTS (Active Radar Test System) radar,
associated pod mounted units, recording equipment in the A-3
aircraft, non-real t_.me data reduction test equipment and a

computer for analysis. '

T.1 ARTS

A block diagram of the ARTS radar is shown in Figure 7-1
with those areas not used in the clutter experiment deleted for
clarity. Parameters pertinent to the data gathering function are
summarized in Table 7-1.

ARTS is a modification of CMDR and is shown during test
in Figure 7-2. Two other portions of ARTS are the antenna,
Figure 7-3, and the Data Conditioning Unit, Figure 7-4. The
modified seeker and the antenna were mounted in a captive-carry
aircraft pod while the DCU was installed in the aircraft proper.

The pod, Figure 7-5 had the modified seeker mounted in
the forward section while the antenna was mounted in a radome so
as to look out the right side with boresighé 90 degrees to the
line of flight. The pod is shown mounted on the A-3 in Figure
7-6. In this view the radome can be seen thounted on the pod
to the right of the engine. An auxiliary pod containing a
surveillance camera was mounted under the cockpit.

Tt
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TABLE 7-1
ARTS PARAMETERS

Radar

Antenna Beamwidth 51 deg (one way)

Antenna Gain 11 dB

Microwave Losses 2 dB (each way)

Peak Power 2000w

Pulsewidth 0.2 usec

PRF 20 K p/sec (nominal)

Noise Figure 8 dB

Number of Range Gates 16

Range Gate Output 16 parallel analog channels,
box-carred, filtered, and offset
in doppler one-quarter of the
PRF

Range Gate settings 4500 to 6100 ft

Recorder

Number of Channels 7

Speeu 60 in./sec

Frequéncy response 400 Hz - 375 kHz

Record Time/Reel 30 min.

Clutter Data 4 frequency - multiplexed FM

recording method channels on each of the 4
tracks
7«2
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Figure 7-2 ARTS Hardware
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Figure 7-3 ARTS Antenna

7.2 Recording, Reduction and Analysis Equipment

Equipment mounted in the cabin of the A-3 is shown in
Figure 7-7. The units shown are the radar control and monitoring
units located at station 2 of the aircraft. Two other stations
were also included for control and operation of the camera and
magnetic recorder and for the flight director who also controls
the on-board telemetry and chart recorders. Equipment specifi-
cally associated with the recording and control is listed in

Table 7-2.
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TABLE 7-2 nJ
CONTROL AND RECORDING EQUIPMENT

HP141 Spectrum Analyzer ‘
HP7418A 8 Channel Recorder 3
HP181AR Oscilloscope
Tektronics 454R Oscilloscope
Seeker Patch Panel

Data Conditioning Unit

L R e I I O

MINCOM PC500B Magnetic Recorder 4

Data Reduction Equipment, Figure 7-8, is part of Raytheon's
standard Data Reduction Facility. All of the equipment shown was
used for reading the analog tape, reducing the data, and rei’
recording on digital tape. The EMR1510 spectrum analyzer and the
X-Y plotter were used specifically for quick-look analysis.

No special equipment was used for further data analysis.
A CDC-6700 computer with associated plotters comprised the
remainder of the analysis equipment.
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Figure 7-7 ARTS Control and Receiving Equipment
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8. PROCEDURES

This section describes the flight and other procedures
used to process the raw system inputs so as to develop the
desired outputs. These outputs were used for three basic purposes;
to develop clutter models, to obtain insight into the nature of
the phenomenon, and to validate measurements and procedures.
Outputs of the processes fall into these basic families:

A. HISTOGRAM ANALYSIS provides description of the prob-
ability distribution of sea clutter and measures directly related
to this probability distribution.

B. HIT ANALYSIS investigates subsets of returns much
larger than usual. Here we are interested in describing those
relatively rare large returns that most effect false alarms in
a detection system. The interrelationship of hits (large returns)
is also investigated as this could impact design and performance
of candidate acquisition systems working in sea clutter. The
roots of this analysis lies in the guestion "Do large returns
come in clumps or herds?"

€ MEAN ANALYSIS is defined by averaging over various
subsets of the data for investigation in some detail. The interest
in mean analysis lies in its potential use in acquisition systems.
Means were plotted and distribution and spectral content were
investigated in some detail.

D. SPATIAL AND TEMPORAL ANALYSIS relates individual
resolution cells to their neighbors in space and time. These
relatianships are expressed in terms of spatial and temporal
autocorrelations functions and spectra.

UNCLASSIFIED




UNCLASSIFIED

The procedual descriptions to follow in-general emphasize
what was done to obtain the desired outputs rather than how to
process the data. However, description in terms of the mechanics
involved is used when this approach provides a better understand-
ing of the procedure involved.

Emphasis in the reduction and analysis procedures was on
the relative characteristics of the data as opposed to absolute
characteristics of the data. In fact, the only absolute measure
is of the mean backscatter coefficient with many of the other
clutter measures normalized to this mean. This emphasis was
chosen as more responsive to the needs of system designers,
simulators, and evaluators. Those wishing to interpret the sea
characteristics in terms more suitable to their own use can
find the available data on environmental characterization in the
appendices.

The following description of procedures has been broken
down as a tree-chart organization with each subsection describing
a portion of the procedure. In many subsections an overview is
first presented and then the procedures are described in detail.

8.1 Overview

8el.1 Overview of Procedure

The basic capabilities and constraints together
with program objectives were used to develop an overall program
plan as illustrated in Figure 8-1.

The ARTS radar was modified as requires and inte-
grated with the aircraft and recording equipment to form the
TAGSEA clutter measurement system. This system was then tested
and calibrated.

8-2
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Figure 8-1 Overview of Procedures
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After initial ground testing the major validation
procedure for the data collection system was the quick look
procedure described in Subsection 8.11. The major quick look
tool was the Schlumberger spectrum analyzer used to analyze and
compare receiver noise, calibration signals and clutter returns.

Initial calibration was done with ground test
equipment after integration of the radar pod with the aircraft.
Later calibration was achieved by sequentially recording a known
CW signal, receiver noise, and the clutter signals on each run.
The flights were planned to obtain data over a variety of sea
states, wind directions, and grazing angles. Clutter data was
taken at both vertical and horizontal polarization off both the
Atlantic and Pacific coasts.

The clutter returns as well as other required
signals were recorded on analog tape. This analog tape was used
to feed both data reduction and quick look procedures. Data
reduction was the first stage in the data analysis path. Data
reduction first converted the raw radar data to map form then
the basic information required for the various analysis pro-
cedures was extracted. This data was written onto digital tapes
for data analysis.

Data analysis was done primarily with software in
the CDC 6700 computer. Some hand analysis was used to augment,
support and validate the computer analysis. Computer outputs

are in both printout and plot forms. To facilitate understanding
and interpretation, emphasis has been on graphical outputs. Much

of this graphical output is to be found in the appendices.

After review and interpretation of the data, clutter

models were developed. The models were used in a modified simu-

lation to produce simulated sea clutter which was analyzed in the

8-4
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same manner as real sea clutter. Comparisons of results were
used to validate modeling and simulation.

8.1.2 Clutter Data Information Flow

The processing of clutter information was divided
into several stages, each of which isdefined by the facilities
and equipment used. The major data processing stages are: data
collection, data reduction, data analysis, interpretation,
modeling, simulation, and simulation validation. A basic infor-
mation flow diagram is shown in Figure 8-2. The remainder of
this section described the major blocks in this order: data
collection, data reduction, data analysis, and validation.

8.2 Flight Scenarios

The flight scenarios were chosen to obtain a large data
base over a variety of conditions. A scenario component matrix
is shown in Table 8-1.

TABLE 8-1
FLIGHT SCENARIO COMPONENTS

1. East Coast - West Coast

2. Depression (grazing) Angle

3. Polarization (vertical-horizontal)

4. Wind Direction (up-down & cross wind)

5. State of the Sea (environmental
characteristics)

Flights were flown in approximately equal numbers off
both east and west coasts. Differences in clutter have been
noted on other programs and a direct comparison using the same
equipment was deemed to be of interest.

8-5
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In order to obtain both a large data base and fine resolu-
tion on the sea, the data was taken in synthetic aperture (side-
looking) configuration. The basic flight configuration and
observation zone are shown in Figure 8-3. The aircraft flew
straight and level for approximately 5 minutes at one of the
three basic altitudes (1100, 2200 or 3300 feet) thereby setting
the grazing angle for that run. All other parameters were then
fixed by the ARTS and data reduction characteristics.

The area for east coast test flights is shown in Figure
8-4. Each flight started at the Nantucket Shoals Lightship
(69° 26' W, 40° 28' N) and was contained roughly within the
marked 20 mile radius circle in an L-shaped pattern. The test
area on the west coast is indicated in Figure 8-5. For the west
coast the primary operating areas were divided by flight with
roughly half off the east coast of San Clemente Island and half
off the west coast. The flight zones were chosen for open sea
conditions at convenient locations. Availability of reports
from the Nantucket Shoals Light Ship on sea conditions was a
consideration in choosing the east coast location. Reports on
the west coast were obtained from a dedicated boat in the

operating area.

During these flights clutter was gathered at the three
basic altitudes of 1100, 2200 and 3300 feet and at 500 feet for
special low grazing angle flights. The 16 range gates gave a
spread in depression angle at each altitude as shown in Table 8.2

8-7
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Geometry and Observation Zone

Figure 8-3 Clutter Flight: Range/Doppler
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Vertical angular coverage of the antenna was sufficient

to fly the three higher altitudes with the same (30°) depression

angle antenna mounting. A different (0° depression angle)

antenna mounting position was required to obtain the low angle

data. The low angle data is derived from separate flights be-

cause antenna mounting position could only by changed on the

ground. The three remaining altitudes were flown on separate

runs during each flight.

TABLE 8-2
SCENARIO DEPRESSION ANGLES

Altitude Depression Antenna
(ft) Angle Range Mounting
M 91 to 92 Depression
Angle
500 6040 = 4-7° 0°
1100 14.3° - 10.4° 30°
2200 29.3° = 21.1° 30°
3300 47.2° - 32.8° 30°
Minimum Slant Range, Rl = 4500 ft.
Maximum Slant Range, R2 = 6100 ft.

Since the antenna was fix mounted for each flight, changing

polarization could only be done on the ground. Consequently

separate flights were required to obtain horizontal and vertical
polarization. Flights 7 and 17 were run with horizontal polariza-
tion, all other flights (the majority of flights) were run with

vertical polarization.
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In order to obtain data looking upwind, downwind and cross-
wind the trajectory shown in Figure 8-6 was flown at each altitude.

On each of the three legs at each altitude 5 minutes of
clutter data was taken. Calibration data was taken as part of
each run. Data flights contained up to 10 runs plus possible
repeats. Run 0 was a camera run used to obtain sea pictures for
analysis of sea state. There were usually 9 clutter runs as
shown in Table 8-3. Low altitude flights however had only 3
clutter runs as shown in Table 8-4. Repeats of runs were some-
times done. In this case the run number was preceeded by a 1,
e.e. 16. In any case the last digit of the flight number
identifies run conditions.

O, R

B i e ol

R

TABLE 8-3
FLIGHT RUN MATRIX FULL FLIGHT
Run 0 Camera Run 300" 1 min.
Run 1 Radar Looking Upwind 1.1Kft 5 min.
2 Radar Looking Downwind 1.1Kft 5 min.
3 Radar Looking Crosswind 1.1Kft 5 min.
4 Radar Looking Upwind 2.2Kft 5 min.
5 Radar Looking Downwind 2.2Kft 5 min.
6 Radar Looking Crosswind 2.2Kft 5 min.
7 Radar Looking Upwind 3.3Kft 5 min.
8 Radar Looking Downwind 3.3Kft 5 min.
9 Radar Looking Crosswind 3.3Kft 5 min.
TABLE 8-4
FLIGHT RUN MATRIX LOW ALTITUDE FLIGHT
Run 0 Camera Run 300 1 min.
Run 1 Radar Looking Upwind 500" 5 min.
Run 2 Radar Looking Downwind 500" 5 min.
Run 3 Radar Looking Crosswind 500" 5 min.
8-13

UNCLASSIFIED




UNCLASSIFIED

ure3ljed IYBTTJ TeordAy 9-8 =Inbra

AINO T zom/./ 4
. 33 00¢€ o . . :

Pt ; _ e '
7 L'%'T NOY
l
|
\

\

" } { —- 1

// 8'G‘Z NNu
* 6'9'¢c NN
AN
\
\
%
\
\
\
\ e
\
\
FaANIIITY //
IXAN OL EWITD o

UNCLASSIFIED




UNCLASSIFIED

A sequence of events for a run is shown in Figure 8-7.
The aircraft is first brought to the correct altitude and heading.
@ At the start of each run the altitude is encoded on the camera
data be clearing the camera the appropriate number of time. ()
(1 frame for 1l.1Kft, 2 frames for 2.2Kft, 3 frames for 3.3Kft).
This allows better coordination of camera and radar data. The
camera has two purposes; characteristic of the sea, and recording
the existence of ships in the scene. The camera and tape recorder
are then turned on () and camera frames snapped automatically
every 5 to 6 seconds. The gain adjustment sequence begins (:) and
ends CD . This gain is set on clutter with the RMS meter and
is done with the transmitter on. The calibration signal is
turned on () and the VCXO adjusted to 4kHz offset () » The
calibration signal is then recorded, ‘D , for 10 seconds. The
calibration signal is turned off, () , and 10 to 15 seconds of
receiver noise is recorded, , with with transmitter off.
The transmitter is then turned on, , and 5 minutes of clutter
data recorded. At the end of the clutter run receiver noise, <:>
and CW calibration signals, , are again recorded before
turning off recorders and camera .

In a zero run, , only low altitude pictures of the
sea are recorded for sea characterization.

3 8.3 Environmental Characterization

8.3.1 Introduction
Environmenal characterization of the sea describes

in non-radar terms the surface effects which ultimately results

in signals into the ARTS system. Ideally such a description

should be deterministic and be able to be correlated with the

ARTS returns. Photographs, weather reports, wind and wave measure-
= ments and human observation were all used prior to, during and
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after flight. Objects other than the sea which would result in
large returns (e.g. ships) are also of interest and were identified
as part of the environment.

Except for unique events such as ships, the objective
was to characterize the surface of the sea with a sea-state number.
All of the work was done by General Dynamics as part of their
flight test work. A preliminary copy of a description of this
work is included here as Subsection 8.3.2 for the convenience
of the reader.

8.3.2 Determining Sea Conditions for TAGSEA Clutter Flights

A. Method
The method used for determining sea conditions
for TAGSEA clutter flights consists of the following steps:

1. General Description - Close observation of
the still photos taken during flight will
reveal the general condition of the sea
(smooth seas through high seas). The amount
of white caps present and the type of motion
taking place (foam streaks, spindrift, etc.)
are the main points of observation. These
observations are compared to "A Guide to Sea
State" (Figure 1*) as an aid in determining
sea state. Once sea state is determined,
values of wave height, period, wave length,
wave velocity and wind velocity are approxi-
mated from the chart in Figure 8-8.

*"A Guide to Sea State" was developed by BUNKER RAMO, ELECTRONIC
SYSTEMS DIVISION from information contained in "American Practical
Navigator" by Bowditch and published by the U. S. Navy Department,
Hydrographic Office. (Not reproduced here)
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Computation of Sea State Parameters ** -
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