
UNCLASSIFIED

AD NUMBER

AD 138473

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution limited to U.S. Gov't.
agencies only; Test and Evaluation; 12 Sep
74. Other requests for this document must
be referred to Director, Naval Research
Lab., Washington, D. C. 20375.

AUTHORITY

NRL ltr. Ser 5300/62, 28 Mar 1996

THIS PAGE IS UNCLASSIFIED



UNCLASSIFIED

.. ~ASSFC TION CHANGES..

........... U.A

VSKLIt .1 t.................

.... THIS. PAGE. IS. UNCLASSIFIE



UNA. 1FLAPMON

FROW. NFIDEN
AUTH~ORITY:

U-N-iLASSI[ Fl2"[D

uk 4-: dR# NP2 go Waa" ~WNJR~



T his d~uJmen' Is the prrVerý, t• 'Untedi SMitA

(Goeruinet. It is funlPhed tor the dutWoa uf the contract and
shall be returned when no longer required, or upon

recall by ABTIA to the foUowing address:
Armed Srvices Tecinical Information Agency, Document Service Center,

.nott Baldingo Dayton 2, Ohio.

NOTICE: THIS DOCU)fENT CONTAINS INFORMATION AFFECTLMG TH

NA'T'IONAL DEFEWNE OF THE UNITED STATES "7TBIN THE MEANINC

OF THE ESPIONAGE LAWS, TITLE 18, U.S.C., SECTIONS 793 and 794.

.rHE T1RASMIWS81ON OR THE REVELATION OF ITS CONTENTS IN

ANY MAI TO AN UNAUTHORIZED PERSON IS PPOWIJrIYED BY LY



DISCLAIMER NOTICE

THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE

COPY FURNISHED TO DTIC
CONTAINED A SIGNIFICANT

NUMBER OF PAGES WHICH DO
NOT REPRODUCE LEGIBLY.

•.Ii



CONTENTS

Abstract it

Problem Status it

Authc rization ii

Df'IAODMICTION I

ELECTRONIC EQUIPMENT I

METEOROLOGICAL AND OCEANOGRAPHIC ECPUIPMENT I

OPERATIONAL PROCEDURE 2

DATA PROCESSING 3

DISCUSSION OF RESULTS 7

B-Scope Echo Density 7
Range Versus Velocity 7
Height Versus Velocity 7
Crest Velocity 9
Wave-Gauge Comparison 9

CONCLUSIONS 11

571X0\6458



ABSTRACT
(Confidential!

The use of a short-pulse, high-resolutiol rzd.4 foir the
study of sea clutter indicates the presence of a set of
parameters - velocity, wavelength, and period - which
arc properties of the echoes displayed by the radar. The
8 -scope response indicates a m o v I n g, wavelike pattern
41 rectly; for radar aspects perpendicular to the wave -fronts,
a ra•.e-tirne plot of radar echoes as seiin on the A-scope
trace Also indicates wavelike motion. These parameto.rs of
th,- radar echoes resemble those of the ocean was,-e, and
within the limits oý the data taken. their similarity is illu3-
trated. As a result of the range-time study using both
horizontal and vertical polarizations, certain differences In
echo propertie'z are illustrated as a function of polarization.

PROBLEM STATUS

This is an Interim report; work on tis problem Is
cc'9 inuing.
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IcIp. P•MOLUTION RADAR

PART II - SEA CLUTTER
!Unclassified Title

INTIDOCT30N

One of the properties of a high-resolution, milLmicrosecond, pulsed radar is It'
ability to display targets separated in range by several feet. With such a radar, sea clt-
ter has been observed to be made up of a series of discrete echoes. This report is con-
cerbed with the range-timp relationship of these discrete echoes as found in the reduction
of data taken on a field trip with a milltmicrosecond radar. The location involved in this
trip was an ocean site or* mile nnrth of Boca Raton, Florida.

RLCTTRONKIC EQUIPSENT

The radar used for this study was an experimental rhort-pulse model designed and
built by the High Resolution Branch of the Radar Division, U.S. Naval Research Labora-
tory. Bome of the properties of the rudar are listed below;

Frequency 9375 Mc
Pulse Length 0. 006 microiecondsSPe-ak Power 15 bra

RI? Amplifier X-band TOYT

fIt Amiplifier I S-bend T

tr sandwidth 200 me

Video fandwidth 100 Mc

Antennas 1-foot (section of parabola
sf r angluti). gorisente l
beamvidth: 1.2 degrrees
$-foot (full parabola of
revlution). Beamwidth:
0. 9 degrees

PROP 1000 "_.r sncond

Display A-scope. a-ecope, &.L•. A1
sweto, rang- gated.

Dyylarnic l oage 20 db

MZ3OROWIOICAL AND OCANOCIRAPKC
XQUMPMzIgr

The following syatems were required to present a history of wave heights and direc-
tion, and wind velocity and directions. The topgr aphical movies of the waves were used
along with recorded optical s/ttings to determine wave-front directions.I -
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Wind-measuring equipment consisted of an AN/UMQ-5 wind gauge. This tape-
recording instrument was operated continuously day and nigtit, its tape output Indicati~ig
both velocity and direction for the local wind. The sensing element for this wind gauge
was located on top of the operating tower, 130 feet above sea level.

Wave-measuring equipment consisted of a 25-foot model of the Beach Erosion Board's
step-resistance ocean wave gauge. The sensing element, or staff, was pile mounted in
25 feet of water at a point 400 yards from the beach, directly in front of 6he operating
tower. This instrument was also a tape-recordlig unit, and was operated continuously in
such a manner as to sample the waves for a t-mo-minute poriod out of each hnar. In iddi-
tion to the automatic operating features of two minutes per hour, manual controls permitted
simultaneous operation of the wave gauge with the radar for specific tests.

Motion-picture equipment used to record the data analysed in this report consisted
of several modified 16-mm camera,. For tests conducted in daylight, a camera looking
at the radar'-illuminated area was motor driven in frame-synchronism with a camera
looking at the radar echoes. Movies taken of the topography of the ocean will be termed
"Ivisua) * pictures tand movies taken of the radar response will be termed radar 0 pictures
for the remainder of this report.

"OPERATIONAL PROCEDURE

The radar uaid for these tests was tower mounted on an ocean beach in such a manner
an to permit operation with antenna heights of 27 to 113 feet, and to perm.it approximately
180 degrees of azimuth scan when looking at the ocean. Study ot radar sea clutter was
thus possible for grazing angles from 1/2 to 6 degrees and for near-trough aspects around
to head-on aspects of the vse fronts. Operating conditions did not permit looking at the
back of the waves with the radar.

A movie camera positioned on the antenna pltsE ,,m permitted photographs of the area
un4er radar survelUance when light conditions were suitable. The lens for this camera
wua chosen to cover a field of view as nearly equivalent as possible to the area illuminated
by the radar beam. By using synchronous tnotors to drive this camara and another which
is looking at the scope output of the radar, it was possible to "ecure simultaneous pictures
of the waves being studied and of the radar echoes from those waves. Pictures of the
A-scope were taken at a rate of five frames pet seconO and of the B -scope, at one frame
per scan, two scans per second.

For strong waves that appeared to have a visual moving pattern, the B-scope response
of this short-pulse radar system gave an indication of this moving pattern. Figure I
shows five frames of a nequeace of mivtes taken to Illustate this motior, and Fig. 2 Is i
picture of an equivalent A-scope orace. Del- ted short-range sweeps were used.

The maJority of tests were conducted to show characteristics of radar sea clutter as
azimuth, range, and grazing angle were varied, looking mainly Into oncoming waves.
Some study was made of trough and near-trough aspects when this was possible. As many
different sea states were studied as weather conditions and time permitted. Ranges from
just beyond the surf out to 3000 yards were used for these radar clutter studies. Some
testi were conducted an waves passing the pile-mounted wave gauge located 400 yards
from the beach, to permit comparison of radar returns with simultaneous records taken
with the wave gauge. A special study was made of waves passing between two marker
stakes placed in line with the antenna just beyond the surf. The purpose of this tent was
to compare visually measured crest velocity with radar echo velocity.

- I i i • iI
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Fij. I o B-scope response 10-degree scan
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"Fig. Z A-*4.,pe response 100-yard sweep
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DA~rA PROC 1M2SNG

In the optical pictures of waves taken during radar operali.an, range uncertainty pre-
vented wave-to-echo correlation on any but a statistical basis. From the movies of the
A-scope shoing clutter echoes, the range of each readable echo was measured to its
sharp peak value. These ranires were plotted as points in the y -direction, while frame
number was plotted in the A-direction. Each frame was equivalent to a time interva~l of
1/5 of a second. Figure 3 shows a point-plot of this type, with a 'best-fit* line drawn
thro.,T&i the opparent pattern ut the plot to indicate *average* velocity Mnr the echo trains.
As a wethod of ddng information on echo-pulse length to the plots, each readable echo
was then plotted an a line in the y..direction proportional in length to the A-scope echo
length. This bar-type of plot orerented a better pattern for lovig-time slope determina-
tion, while the point-plots revi-aled short -time (on the order of four or five seconds)
slopes 4l lesser value than the long-time *average" values, Figure 4 illustrates the bar-
type of plot derived from the smane data used for Fig. 3. Figrure 5 is another plot. illus*-
trating conditions that failed to produce a clear pattern.

ii
1 "

S'. ..... . ,



NAVAL RISIARCH LABORMORY

fit, 4, . ..T,.. .".. . . ....T!I! FAIR. I;.; .7 TO
Ilk .!If Ilk-i". I .. M,

X
fl

vo fill r.

44i

x 1, A;, 4

T .
A 2 lk"; 04

iw

I.T.: IA-
;Iý: .:4j

14rq r I T.
if it

I! if 1, It

L

AIA

T, If+

2 L*
q 1:;;

MA7'

......... ......
it

Ai !I
di .- ;L.U -4 tiý 4:1

till'
jJ

j
T

P 4

(SQMVA) JbNVd



CS.2auia. NAVAL 4ISEARCI4 LABORATORY

4->-

- -

IIOVVA 3Oto



NAVAL RESIARCH LAGORAK-AT

m until It T .
111111M

NP iii I
-titit ;; il !"l ... .... --T it i Ildi:14'If 1:: 1 d I , !:. if:if S !I! Ui ful lti

Mi! HMMI in

:1 i:; A. - :!I;;; i*.:!i!:.
it

oil- ;it LW11.1 4N. ad4F M!ii at
HP ir.H T'

W olf tit w i !it .... ... ... it it
4ý it.... ::I lit :Ao
A. iiip :: it: .. .... .... ....I ii;: fit Ill INA . AI,

tit %T:ý'
It M ILii:: HIT::% 'IlV i: :tTE; 1; it: l"'I tit. I;:

k.

qo ! it. 41.it T;.

-Lim
it.. ... .:. 0

U . A

14
Tw:' ILL J. 3. &W

.... ......... In

77: it, 71 it;
N I.4If.

A AL.! 1z

7:
T; tit t

W!ii. I Ai -46

I . !:!i it

M

in
if:

If lit -4,
44

::h:ii: :h I! ýi it ii I it
t ;t "I i 41lit.

... .... ....Awds 411 ;ii F il 1H I;;
C

.- i, A:

0 W V A) IONVU



'WW NAVAL RISIANCH LASONATOIRY

Plots were made of this range-time relstionothip of tho radar echoes for waves near
the tv i marker stakes and an "average* velocity, perio0, and wavelength of the pattern
was determined. Optical pictures of the wave crests moving from stake to stake furnished
the data required to determine velocity, wavelengthi, and period for the ws'es associated
with these crests. Since the wave gauge data furnished a period for the e.dsting sea state,
the range-time plots for waves passing the %,ve gauge were used to derive a period value
for comparison..

An effort was made, where possible, tc process data to indicate the nature 01 the echo
wvelocity as a function of range from the beach and of wave height. Consideration was giron
to data which would indicate any significant difference between horizontal a"d vertical
polarization.

DISCUSION OF RESULTS

B.Scope Echo Density

One of the differences disclosed between horizontal and vertical polartzations wsA the
rate of change of echo density as a function of grating angie. This is iilustrated in Fig. 6,
from S-scope recordawtaken November 12, 1955. Wind from the ocean was 13 kmots, and
the significant wave height, measured 400 yards from the beach, was 2.9 feet. A delayed
100-yard sweep, starting at 310 yards, was used. The azimuth scan was 15 degreen, giv-
ing an illuminated area of approximately 9, 000 square yards. Over a 20-frame period of
time a count of each readable echo produced the averages indicated in the graph. Antenna
aspect angle for these teats ws• perpendicular to the wave fronts, and a constant.-. er
receiver pin relationship waii assumed for the duration of the tests.

Range Versus Velocity

In ao effort to show the velocity characteristics of the A-scope response as ; function
of range, all of the data takes on November 30 was analysed and plottd for the 250-yard
sweep length. Figure 7 indicates a general inc;a.e in velocity with range. and Fig. I
shows the change in water de~th as a function of rangt from the beach. This velocity vari-
ation of the radar echoes is considered to be related to the water depth in these tests.

Height Versus Velocity

To avoid the problem of Jodwinrg the relationship of wind to waves, no effort was made
to classify echo vwloctties %a to wind values, ThI m-cro direct approach was used - indi-
ceaing the relatiodship of wave height to radar echn velocity. Since all wave-height
measurements were mad- at the pile-mosted wave puge 400 yards from shore, only the
echo velocities derived in this range area are used in Fig. 9 to illustrate velocity spread
as a function of wsve height. It would appear from this plot and Fig. 7 (on velocity versus
range from beach) that the apparent echo velocity was more a function of range from the
beach than it was of wave height. The data processed for ranges in excess of 1500 yards
from beach (not here included) indicated the possibility of a greater dependence of velocity
on wave height for "deep-water' condlltions. It is possible that the sample point used,
400 yards from the beach, was so close to the zero-velocity beach line that a more slgal-
ficant relationship between velocity and wave height was masked.
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Fig. I - Range depth Fig. 9 - Height velocity

.414,.:d mur.* ,v • ye '" 17, U*5 oerwitted a direct comparl.sou
of obs••ved crest velocities with wt l -tie 4,' , f-tom rL"ge-,ime ploks of radar echoes.
Since the two movie cazmsran used n .-% - ,euro driven in frame-synchromism, the
pictures Bt the wave-crests mov..i 1, 1, rker stakes were related directly to the
range-time ploti. made from pictur '. , I -scope echoes. By plotting the marker-
stake ec.hes as dots, the ranges M 0 : i were indicated. From the mom' is taken
of the crest motion, the time of ps; I -. a "umbuer) for each crest at the stakes was
noted and indicaied at the appropri z•.e -ttme plt by an . FIiure tO
shows the compas ismn of crest dasa -'. .i data, wAth Tamle I showig the
"averap" parameters derived fro.ý a imilar plots. A radar rawge of 100 yards
with a delayed sweep of 50 yards w- s i dasee tests. Wind of 7 kosS prevailed at
the time, and the wave height meso ,• I ..at at the wave gage 400 yards fro, the
beach.

Wave-Gauge Comparison

The analysis of records taken F I a -sly by the wave gaug and radar permitted
a comparativ' display of crest-trov : !- a and radar echo-train positions on the
same plot. Figure 11 is an illustra i . the top portion shows the combied data;
the bottom portion shows s picture , . I -p•up record for the period ot tame Will-
cated in the plnt. Wave-gauge reco C at 'ed of a ca tttinwus curve On brush recorder
tape, taken at a tape speed of 5 mm . .%nL This curve represented the time contour
curve; crost-to-crest times were int A rd avera•e periods were mesaureablo to0 the
sea state under stidy. Wave height, rive from the calibration cqrve for the
inqtrument.

A %
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TABLIR I
Tabuation of Crest Velocity Study

Velocity (ft/'s~c) T (sec) X (ft)

Raa 10:: 3. 3 6

In this range-time plot of radar echoes, it was found to be helpul to omit the echo
from the pile supporting the wave-gauge staff, since it was much %rester In amplitude
than the echoes from the adjacent "a clutter. This space was used to indicate features
of the waves disclosel by the wave-guige reeords. After marking the wave contour curve
with X's for create and 0le for troughs, these Idmntific~ation symbols were tnse:;-.d at the
proper rafte-time position, as shown in the top part of Fig. 11. For the majority of
echo-trains that appear strongly, bthod beyond and inside the pile-gap in the plot, there
appears to in. a corresponding crest. It is to be noted that the plot of radar echoes repre-
sents eimrgy back from a finite area on the surface of the nse. This area is determained

by he1. -egre ntenabesinidth and thK swoop length ue.Vawave were to move
along the ekge of the area iltuminated by the anternn and did not show in the wave-gauge
record. a radar echo-train could appear without a matching crest in fth wave-gauge
record.

CONCLUSIONS

When luaking at sea clutter, a short-pulse high-resolution .rada was found to be a
useful tool ini developing a set of parameters that are related to the motion associated with
that sea. It"*s parameters, derived from the echo range-time plots, are 8aversge"
velocity, period, sand wavelength. They cmn he used io some extent, to indlzate the sea
state of the area in question. Diraction as well an velocity can be shown from the fl-scope
response ON such a radar for the wave motion.

Differences between borisontal and vertical polarizaution, as disclosed by the uange-
tieplats ofradar echoes, were slight if say for eam waves of three to five feet. For

lower sea states, vertical polarisafion consistently produced a greater number of discrete
echoes per trace.
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