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STATISTICAL TIME-VARYING AND DISTRIBUTION PROPERTIES OF
HIGH-RESOLUTION RADAR SEA ECHO

INTRODUCTION

In a recent publication (1), a comprehensive review is presented of the state of the

art of radar sea echo. While some discussion of the statistical properties of clutter is

given, it is apparent that most experimental data is in the form of a measured value of

the average echo area per unit area, usually denoted by a,. In a statistical sense, G', is

a long-term time average of the pulses of received power reflected from the ocean sur-

face. Consequently, the time element is averaged out and the time-varying properties of

the data are destroyed. Thus the question of temporal nonstationarity is raised, and the

present work will be an attempt to gain some insight into the sea echo's dependence upon

time, which will be necessary in any future formulation of a scattering model. The data

analyzed were obtained by the Short-Pulse Research Section of the Search Radar Branch,
NRL, in the spring of 1969.

NATURE OF THE SEA-CLUTTER DATA

In this section the experimental details, together with the important radar parameters,

are described. The details are tabulated in Table 1. More complete information about

the radar itself can be found in Ref. 2. The sea conditions, which are the most detailed

available, were obtained from the Northern Hemisphere Surface Chart for 1200 hours,

11 March 1969, which is issued by the Fleet Weather Facility, Naval Reconnaissance and

Technical Support Center, Suitland, Maryland.

The experimental procedure was to fly under the fixed conditions of plane altitude,

speed, antenna polarization, and position, as listed in Table 1, and to sample the radar

return once each pulse repetition period at such a time during the interpulse period that

corresponds to the slant range of 2 naut mi. Each sample is held until the next sample

is taken (boxcar fashion) such that the result is an analog waveform which is recorded on

magnetic tape. The plane is flown in a given direction with respect to the wind (i.e.,

upwind, crosswind, or downwind) for a period of approximately 20 min, the heading is then

changed, and the procedure is repeated. Polarization is changed frequently to obtain

about the same number of 2-min records for both the vertical and horizontal cases. A

calibration record is made after every ten to fifteen 2-min sea-clutter records. After

the data is returned to NRL, it is digitized to be processed and analyzed in the digital

computer at NRL. The data is digitized at the same sampling rate at which it was taken.

Thus, at a pulse repetition frequency (prf) of 1.28 kHz, with one sample taken during each

pulse period, the total number of samples obtained in a 2 -min record is 1.28 x 103 x 120 =

153,600 samples.

DATA CONDITIONING

The digitized data, as it appears on the computer magnetic tape, is in the form of

integer numbers which range in value from 0 to 2048. The calibration records mentioned

in the preceding section are made by using an X-band signal generator at seven power

levels from -60 to 0 dBm in 10-dB steps. For each level, the median value of the raw




