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(_ }s(Cobra Mist, the AN/FP&-95 over-the-horizon (OTH) radar built on the English North 
Sea Coast in the late 1960's to overlook air and missile activity in Eastern Europe ancl the 
western areas of the CSSR, WflS the mo~t pov.·erful and sophisticated radar of its kind up to 
that time. The dE>sign, which emulated Naval Research Laboratory's ~taclre over-the
horizon radar, incorporated rather coarse spatial resolution and relied upon ultralinear, 
wide dynamic range components and complex signal proces.!ling in attempting to achieve 
the extreme suhclutter visibility (scv) of 80 to 90 dB needed to seyarate target return! from 
the strong ground clutter-a goal well he;\rond the 6Q.odd decibe subclutter visibility pre-. 
viously achieved. The detection pE'rformance of the radar was spoiled, however, because the 
actual subclutte-r visibility at'hieved was onl:v 60 to 70 dB, the limitation being due to a noise 
v:ith approximately fiat amplitude-.versU!::·Doppler frequenc~·, which appe-ared in all range
bins containing ground clutter and aircraft re-turns. Experiments performed at thE' site 
failf"d to uncover the source of the noise, either in the equipment or in the- propagation 
medium. Other expedmental re-sults imply that the noise v:as B!Sociated with return~ from 
land areas and not from sea surfaces; the possibility of electronic countermeasure-s was not 
ruled out. Because the sourcE' of the noise was not located and corrected, thP radar program 
was terminated in June 1973 and the equipment removed from the site. The cause of the 
noise is unknown to this day. 

INTRODUCTION although the problems within the equipment it-
self-which were never very serious-were tracked 

Thia ill 611 strange a maze 611 e'er men trod; 
And there is in this business more than nature down and corrected, a residual problem, ap-
·was ever conduct of: some oracle parehtly in the external environment, seriously 
Must rectify our knowledge. impaired the detection performance of the radar 

(,c)) Shaluptart (The T<mp<Bt) and led ultimately to the discontinuance of the 
\! program. The source of the difficulty that caused 
~ This paper recounts the story of Cobra Mist, Cobra Mist's demise was never found. At the 
the AN/FP8-95 over-the-horizon radar built in conclusion of the program a rather extensive set 
Engl~nd on the North Sea Coas~ in the !at• of reports on the program('} were prepared for the 
1960 s and operat~d the_re until mJd-1973, when U.S. Air Force, but these were not widely dis-
the program was dtscontmued. tributed. Consequently, the community did not 

(._v)~ As many will remember, the AN/FP8-95 was )benefit fully from the AN/FP8-95 experience. 
the largest, most powerful, and ~ost ~op~isticated ~ !jlr The authors of this paper were all in some 
OTH (over-th~-honzon) radar of 1ts tune, and the way intimately associated with the AN/FP8-95, 
OTH commumty a:s a whole had high hopes that m both in its initial operational phases and in the 
performance and capability Cobra Mtst would final phase when an all-out, though time-limited, 
set new standards for the OTH radar art. Quite the attempt was made to locate and correct the 
opposite happened, however. The radar was critical difficulty. The point of this paper is to 
plagued from the beginning by difficulties, and give an account of the final phase: to list the 

•(U) 'Ilu •••Mill!:!! )~QF8!t!( ami NF used in this papu ha;e been #erined 'pro *be scm i&bcil&t. 
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Figure 1. Aerial view ol AN /FPB-95. 
(USAF photo.) (Figure unclassified.) 
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When detailed experimental plans were complete viewed the noise problem with increasing alarm 
in mid-1971, groups from MITRE and the Naval and, in the report to the Air Force which followed 
Research Laboratory moved to the site, which by its meeting in November 1972,(') the Committee 
then had assumed the form shown in the aerial recommended that top priority be given to solving 
view of Fig. 1. the noise problem, that control of operations at 

) ~ 
the site be shifted from the Air Force to a civilian 

~~~ Technical difficulties with the system delayed scientific director, and that the latter mount a 
th acceptance of the radar by the Air Force and coordinated, systematic program to isolate and 

the commencement of the DVST program until identify the source of the noise. The Air Force on 
February 1972. From the beginning, the ovsT 

h d b bl th t Dec. 27, 1972 moved to put these recommenda-
pr~gram :was ampere Y pro ems, . e m~s tions into effect. 
serious bemg the appearance of a mysterious nmse 1 v) 
which occurred in all Doppler filters corresponding\: ~ DvsT program was suspended, a scientific 
to range intervals in which returns from the earth's director was recruited from Stanford Research 
surface (that is, "clutter" returns) were received. Institute, and a committee, called the Scientific 
The range intervals containing the clutter return Assessment Committee (SAC), was appointed 
also contained the returns from the missile and with U.S. and U.K. members. The U.S. members 
aircraft targets the radar was to observe. The level previously had had no direct involvement with the 
of this "clutter-related noise" was high enough to Cobra Mist radar. This committee took a fresh 
impair seriously the capability of the radar to look at the system, system performance, and noise 
detect aircraft and missile targets, and as time data and structured a series of basic experiments{') 
went on, activities at the site shifted more and to determine the source of the noise. These 
more from ovsT to efforts to locate the source of 
the noise and to eliminate it. 

{Y) ~ The ovsT Technical Advisory Committee 

0 ± ttM8Lt 

experiments were conducted in the period from 
January to May in 1973, and in the ensuing 
appraisal it was found that the source of the noise 
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RADAR SYSTEM DESCRIPTION 

~ )c.s..Ht"}The AN /FP&-95 over-the-horizon back
scatter radar(') was located at Orford Ness on the 
east coast of England. By beam steering, the radar 
was designed to make observations within a 
91-deg azimuth sector extending from 19.5 to 
110.5 deg clockwise from true north. The maximum 
range, assuming one-hop propagation via the 
ionosphere F-layer, was approximately 2,000 nmi, 
but the equipment would permit the observation 
of suitable, more distant targets using: multihop 
propagation modes. A minimum range of approxi
mately 500 nmi was set by the lower radar fre
quency limit and the upper elevation limit of the 
radar beams. Figure 2 shows the nominal coverage 
of the radar using single-hop propagation modes. 

widths of OTH radar signals and therefore on the 
attainable range resolution. This fact, coupled 
with the broad (7 deg) beamwidth of the AN'/FP&-
95, resulted in a very large radar resolution cell 
and, consequently, a laf{!:e earth-.;urface radar 
backscatter power. To accommodate such large 
signals without causing unacceptably high inter
modulation and cross-modulation effects, a radar 
receiver with the very large linear dynamic range 
of 140 ds was provided, together with signal 
processing equipment of commensurate capabil
ities. A simplified block diagram of the system is 
shown in Fig. 3, and the major parameters are 
summarized in Table I. 

(U) Following are brief descriptions of the major 
elements of the AN/FP&-95 radar. 

The operating frequency range extended from ANTENNA 

6 to 40 MHZ. (.II) ;sf The antenna consisted of 18 log-periodic 
(U) The radar employed the pulse-Doppler antenna strings, which radiated like spokes in a 
method to detect the radar signals from mo,·mg wheel from a central "hub." Figure 4 is a close-up 
targets against the much larger return from the photograph of one such string:. Each string: was 
earth's surface. The waveforms used for search 2 200 ft in len~th and carried both horizontal and 
and tracking tasks took the form of radio frequency v~rtical radiating uipoles. The strings were sepa-
pulses, .. ~th durations selectable from 250 to rated by 7 <leg in angle, and they thus occupied a 
3,000 11sec and pulse repetition frequencies (PRF) 119-deg: sector of a circle. The complete antenna 
from 40 to 160 pulses/sec. Received pulse-trams was located over a wire-mesh ground screen, 
of selectable lengths were processed in a frequency which extended beyond the strings in the propaga-
analyzer, which in effect pro,·ided a contiguous tion uirection. 
set of bandpass filters that were approximately 
umatched" in the radar sense for tar:zets with 
constant Doppler frequencies and also for targets 
with linear Doppler rates of change (constant 
accelerations). An oblique ionospheric sounder 
mode of operation was also available, wherein 
the earth surface backscatter returns could be 
displayed as functions of radar frequency and 
propagation time delay. 

(U) To achieve sufficient signal-to-noise ratios 
against the predicted noise background, the radar 
was capable of very high transmitted power out
put. A peak power of 10 MW and an average power 
of 600 kw were originally specified, although these 
figures were not achieved in practice. Such high 
powers were incorporated in the desi{!:n to com
pensate for the relatively low antenna gam of 
approximately 25 ds. 

( V) P3)'"Both ionospheric propagation limitations and 
'- the scarcity of clear HF operatmg frequenCies 

impose severe limitations on the design band-

(U) To form a beam, six adjacent strings were 
connected, by means of a beam-switching matrix 
situated underground at the hub of the antenna, 
to the transmit or receive beam-forming networks 
in the main building. The pointing direction of the 
beam was controlleu solely by selecting the appro
priate set of six adjacent strings from among the 
18 available. Accortling to the frequency of oper
ation, a specific small section of each log-periodic 
string became resonant. Thus, at high frequencies 
the active portion would be close to the antenna 
hub, and it would move out toward the larger 
dipole elements as the frequency was lowered. 
While the linear extent of the active area extending 
across all six strings thus increased as the fre
quency was lowered, the net effect was to produce 
a beam whose angular dimensions and, hence, 
gain were almost independent of frequency. A 
simple way to view the action of the antenna is to 
regard it as a six~lement broadside array, which 
moved around within the physical boundary of 
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TABLE l. AN/FPS-95 parameters. (TsUe e!Ms(;itd SUitt.~ cY ,1 

Antenna 

Type 
Frequency Range 
Polarization 
Number of Beam Positiona 
Azimuth Coverage 
Azimuth Beamwidth (3 dB) 
Elevation Beamwidths (3 dB) 

Vertical Polarization 
Horizontal Polarization 

Gain (Vertical Polarization) 

Side lobes 

First 
Second 
Other 

Transmitter 

Type 
Frequency Range 
Power Output 

Peak 
Average 

Pulse Shapes 

Pulse Repetition Rates 
Pulse Widths 

Receiver/Signal Processor 

Type 
RF Bandwidth 
Dynamic Range 
Noise Figure 
Analog/Digital Converter 
Clutter Filtering 
Doppler Range 
Acceleration Range 
Integration Times 

*(U) For special nonoperational use. 

1. (U) Truncated cos': This is a cos' envelope 
modulation, which is truncated at the 10-
percent voltage envelope points. 

2. (U) Flattened cos'' This is a fiat-topped pulse 
with truncated cos' leading and trailing 
edges. 

3. (U) Sin Mz/sin z: This pulse was used for the 
oblique ionospheric sounder mode of radar 
operation. The pulse was formed by the 
superposition of 10 carrier pulses, each of 

Log-Periodic Array 
6-40 IlHz 
Vertical or Horizontal 
13 
91" 
7" 

z· to 10° 
g• to Jo• 
25 dB 

-13 dB 
-18 dB 
-20 dB 

Linear Distributed Amplifier 
6 to 40 IlHz 

3.5 MW 
300 kW 
Cosine-Squared, Flattened 

Cosine-Squared, Sin Mx/Sin x 
10*, 40, 53.33, 80, 160 p/s 
250 to 3,000 us, 6,000 us* 

Analog and Digital 
5 kHz 
140 dB 
7 to 14 dB (Frequency Dependent) 
18 Bit 
100 dB 
3 Hz to PRF/2 
20 g 
0.3125, 1.25, 2.5, 5, 10, 20 • 

200-psec duration, with frequency separa· 
tions of 100 kuz. 

(U) The major transmitter parameters are shown 
in Table 3. 

RECEIVER/SIGNAL PROCESSOR 

(U) The receiver consisted of monopulse sum and 
difierence channels to match the sum and differ
ence outputs of the antenna beam-forming net-

lf!:GtLSSiFIED 
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TABLE 4. Receiver/signal procossor parameters. 
(TabZ. uncl.a81tifod.) 

Frequency Range 

Bandwidth 

Dynamic Range 

Noise Figure 

6 to 15 MHz 
15 to 23 MHz 
23 to 31 MHZ 
31 to 40 MHz 

A/0 Converter 

Cluttering Filtering 

Doppler Range 

Acceleration Range 

6 to 40 MHZ 

5 kHz 

140 dB 

,14 dB 
oli: 9 dB 
oli: 8 dB 
o1i: 7 dB 

18 bit 

100 dB 

3 Hz to PRE/2 

20 g 

verter. These data were then available for analysis 
off line by the extensive programs that were 
specially developed as part of the DVST activity or 
for replay through the on-line system. Some of the 
main receiver and signal processor parameters are 
listed· in Table 4. 

DISPLAYS 

Figure 6. Radar control con•ole. (Courtesy RCA Corp.) 
(Figure unclassified.) 

displays, ami cameras were available for a perma
nent display record. In addition to the presenta
tions on the cathode ray tubes, certain data could 
be recorded on magnetic tape or automatically 
typed. Fi!!'llre 6 shows a view of the radar control 
console with its associated displays. 

A:SCILLARY EQUlPliEST 

(U) To support the AX/FPS-95 operation in the 
selection of radar operating frequencies, the site 
contained a vertical ionospheric sounder and o. 
panoramic radio receiver. 

(U) The signal processor outputs contained data RADAR CAPABILITIES Al\D LI~liTATIOXS 
on target range, azimuth, velocity, acceleration, 
and signal amplitude. These parameters, to~ether EXPECTED CAPABILITIES 
with a time-history dimension, could be shown on ~)'"""'Th AX'FP" 95 d d d 
a number of cathode ray tube (CRT) displays. i!OI e ·.' -r-. ~as expecte to etect an 
I t ·t d 1 t' t 1 d th track (a) aircraft Ill flight over the western part n enst y mo u a ton was no emp oye on ese h S . U . · W p 
d' 1 'th th It th t 1 1 f th of t e OYiet mon and the arsaw act coun-

Isp ays, ":1 e resu a on Y wo 0 e tries and (b) missile launches from the Xorthern 
foregomg SIX parameters were d1splaya ble m the Fl t 'J · -1 T C PI k A' ft 
h f t t t . S f th ee ·' ISS! e est enter at esets . Jrcra c osen x-y orma a any one 1me. orne o e . d f 

detectiOn an tro.ckin~ at ran~es o 500 to 2,000 
remaining parameters could be thresholded by 
manual selection to restrict the number of dis- nmi, corresponding to one-hop ionospheric propa-

gation, were considered feasible. ~lissile launches 
played data. From among all the possible combina-

from Plesetsk were also within one-hop range from 
tions of the six parameters taken two at a time, the radar. A searchlight mode was provided for 
t.he AN /FP&-95 ho.d the capability of displaying high-priority targets whose approximate locations 
14 such pairs. were known a priori. These targets could be single 
(U) On those displays where the signal amplitude aircraft, compact formations of aircraft, or missile 
wo.s not one of the exhibited parameters, o.n launches. In this mode, the radar continuously 
amplitude threshold had to be chosen. Thus, only illuminat.-d a small geographical area. to obtain 
those signals that exceeded this threshold would the maximum data rate on the selected targets. 
be "detected" and displayed, as in a classical radar As an alternative, a scanning mode was proYided, 
signal detection process. Cursors were provided to which allowed the radar to search in azimuth and 
allow readout of parameter values from the range over any chosen sector of the radar cowrage 
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----··N mode, the pulse Doppler radar signal processor Calibration, was intended to provide an absolute 
was required to suppress the ground backscatter spatial calibration using ground transponders. 
by 85 to 90 dB relative to aircraft returns-that is, fl) ),<><"" Th · h · · 
to ·d 85 t 90 d f b 1 tt · 'b'l't 1.: '<'"I ese e1g t exper1ments were mtended to 

proVl e o B o su c u er VISI 1 1 Y h 1 bil' · f h f 
( ) So h t I b b'l't f d t t' assess t e genera caps 1t1es o t e radar or scv . mew a ower pro a 1 1 y o e ec IOn, . f d · F h · 

d h 1 b 1 tte · 'bTt ld uffi a1rera t eteet10n. our ot er experunents were 

fta;r th:sln::ilarel~~~teted~o~:. ~t~e~ Y;hi:or:dat:teeo~et_ ~;~~~e:~~~~ vi'~~:~leV:~::~~~~:t~m:~~~~t::~ 
muou y umma a g1ven arget. nan a mp · af 1 · h fi D 1 · 

to h. th · d b 1 tt · 'bil't t A1rcr t, was to exp 01t t e ne oppler reso ut10n ae 1eve e reqUire su c u er VlSl 1 y, grea f h d · 1 1 · Th tak · th d · f th d t o t e ra ar to measure vert1ea ve oe1ty. e 
cue was e~ 1? e eslgn °. e ra. u rans- Doppler difference between alternate ground-
mJtter to m1mm1ze spectral n01se and m the re- fl t d t' d to b il' d f · d · 1 to . . . . t re ee e propaga 1on mo es was e ut 1ze or 
eeJvdeulr at? Blgnda proeessodulr t' mlmdmlze 10 ."dr- this purpose. Experiment 312, Intelligence from 
mo a Ions an cross mo a tons an to prov1 e R 'b · · · 

1 r d . Test ange Cab ration Fhghts, surveyed a1reraft 
a arge meu ynll1111c range. activity near Plesetsk and other missile test 

DESIGN VEI!IYICATION SYSTEM TESTING (nvsT) centers. Experiment 314, Reconnaissance Aircraft 
(, ) · Surveillance, tracked friendly aircraft over the 
,f .l!ff" Following construction of the AN /FP8-95 Baltic Sea area, providing the only source of over-

and its acceptance by the government, a one- water aircraft tracking data. Experiment 315A, 
year research and development pro!(l'am was Aircraft R&D Test Intelligence, observed aircraft planned(') to assess its capabilities. The 12 air-
craft detection and tracking experiments assigned ~~~~=rs~amenskoye and Vladimirovks Flight Test 
to MITRE durin~t the nvsT will be described 
briefly as a further indication of the expected 
capability of the radar. A number of other experi
ments, including all of the missile detection and 
tracking experiments, were assigned to Naval 
Research Laboratory and have been documented 
by that organization.(") This paper will therefore 
discuss only aircraJt detection and tracking, with 
which the authors have firsthand experience. 

( IJ) 187" Experiment 202, Radar Aurora, was intended 
to determine experimentally the effects of HF 

radio aurora on OTH radar design and operation. 
Experiment 104, Signal Detectability, and Ex
periment 502, Target Detection and Calibration, 
were to determine probability of detection, 
probability of false alarm, and signal-to-noise 
ratios of detected targets, as well as develop 
procedures to estimate radar cross section of the 
detected targets. Three experiments dealt with 
real-time tracking of aircraft at the radar consoles 
and were designed to develop and evaluate this 
capability: Experiment 501, Evaluation of Target 
Window Printout; Experiment 505, Tracking 
Through Azimuth Beams; and Experiment 508, 
Track Capability and Track Sample Rate. One 
experiment dealt with automatic tracking of 
aircraft, conducted off line on a digital computer. 
This was Experiment 405, Track-While-Sean 
Feasibility. Experiment 506, Range and Azimuth 

(V) Of these 12 experiments, three were carried 
out and documented: Experiments 202,(12) 405,("') 
and 506.(") The rest were not completed for either 
of two reasons: (a) The experiment as conceived 
proved too ambitious for the actual capability of 
the radar or (b) the scientist assigned to the 
experiment was reassigned to efforts to improve 
the radu capability. 

(o \ ~BSERVED CAPABILITIES AND LIMITATIONS 

c.sr-once nvsT got under way at Orford Ness, it 
became apparent to the MITRE team (and others) 
on site that the actual radar capabilities were a 
good deal less than the expected capabilities. In 
the searchlight mode, aircraft detection and track
ing were marginal, even when aircraft flight plans 
were known a priori. When the radar was carefully 
operated, with due regard for range and Doppler 
ambiguities and ·ionospheric propagation condi
tions, tracking trials on known aircraft in the 
searchlight mode produced tracks less than half 
the time. Furthermore, the tracks obtained were 
discontinuous, the aircraft return usually being 
above the noise level only near the peaks of the 
Faraday rotation and multipath fading cycles. 
Additionally, routine observations of areas of high 
air-traffic density, such as air routes near Moscow, 
in the seuchlight mode often produced few or no 
target detections at times of day when the propa-
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often could be 20 dB, and in some cases even 30 
ds, higher than the level of external noise received 
by the radar. Figure 7 is a photograph of the 
AN /FP&-95 Doppler-range display taken early in 
the DVST.(17

) The range scale (horizontal) extends 
from 0 to 2,000 nmi, the nominal unambiguous 
range at a PRF of 40 HZ. The Doppler scale (ver
tical) extends from 3 to 20 HZ, with approaching 
and receding Doppler shifts folded together. A 
Doppler shift of 20 HZ corresponds to a radial 
velocity of 264 knots at the radio frequency of 22.1 
MHZ employed to obtain these data. Ground 
backscatter in the 0- to 3-Hz region is suppressed 
by the digital clutter filter. In some range bins, 
corresponding to the skip zone for ionospheric 
propagation, the noise level is below the display 
threshold in all Doppler bins. In the succeeding 
range bins, generally corresponding to the ranges 
of first-hop ground backscatter, the noise level in 
all Doppler bins is much higher, hindering target 
detection. 

~) JJi!1 That the excess noise seen on the radar displays 
was in fact clutter-related was demonstrated 
clearly by turning off the radar transmitters. This 
caused the display of Fig. 7 to 1!'0 black. When 
the threshold was readjusted to observe the noise 
level, it was observed to be constant with range, 
as one would expect from external noise. Mter a 
number of such observations, it became apparent 
that even if n clear channel could be found, even if 
ionospheric propagation to the desired geographical 
area existed at the clear channel frequency, and 
even if the radar display limitations could be 
overcome, the excess noise would still provide a 
severe limitation on radar performance. Therefore, 
in parallel with nvsT, an effort to characterize the 
excess noise was undertaken on site. 

CHARACTERISTICS OF THE EXCESS NOISE 

1 

Figure 7. Doppler/range displr 1 illustrating excess noise 
(Figure unclassified.) 

Note that the clutter curve is moved downward 
by 50 dB to facilitate comparison with the noise 
curve. Ground-clutter amplitude was computed 
by peak selection in a ± 1.5-Hz Doppler window. 
The amplitude of excess noise was computed by 
averal!'ing the squared modulus of the di~tal 
signal processor output over all Doppler bins from 
3 to 20 HZ on either side of the carrier, that is, over 
all those Doppler bins outside the radar clutter 
filter rejection band. The digital signal processor 
performed a fast Fourier transform (FFT) over 512 

(tl)j!![The radar displays presented the excess noise successive radar- pulses in each 12.8-sec coherent 
in a dramatic way, but a quantitative characteriza- integration interval. The plotted clutter and noise 
tion of the phenomenon required the use of off-line powers were then further noncoherently avera!1ed 
digital signal processing programs.(") The output over 15 successive coherent integration intervals. 
of one of these programs is illustrated in Fig. 8 for ( r.J \_. -0 . F' 8 k d · t' f th . h . \: k'ilr ne sees In 1g. a mar e vana 1on o e 
data recorded near 7:00 <:treenW!c mean time. on excess noise amplitude with slant range. Stron!1 
March 4~ 1972 (Day 64) m beam 11 With vertiCal excess noise exists at short range, in the skip zone 
polanzat10n at 22.1 MHz-the same data as pre- just ahead of the ground clutter, and at the ran!1e 
viously illustrated in Fig. 7. The variation of of the ground clutter. The excess noise near the 
ground backscatter (clutter) and excess noise range of peak ground backscatter varies with 
amplitude with slant range is plotted in Fig. 8. ranl!'e in direct proportion to the backscatter, 
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Figure 11. RBDge/Doppler display of 
excess noise.(n) (Rgwe tlassttrea 

-

AMPLtTUDE 
StALE: 
50 dl!l/llfCH 

~(v) .... n.ae u M. '· •·• IC.t 4C 

but the excess noise at short range and in the 
skip zone does not. To distinguish between the 
excess noise that occurs ahead of the ground clutter 
and the excess noise that occurs at the range of 
ground clutter, special terminology was used at 
the site. All sources of excess noise that varied 
with range were termed "range-related noise" 
(RRN). The portion of the excess noise that coin
cided in range with ground clutter was termed 
"clutter-related noise" (eRN). Although all of the 
range-related noise was of scientific interest, only 
the clutter-rel&ted noise interfered with detection of 

Figure 12. Range/ Doppler display of 
excess noise.(n) (Fip el 'fad 

~~) .... 

DIY e• 
THRESHOLD 
• .. 12ft dRII 

aircraft, which was the prim&ry mission of the 
rad&r. To better characterize range-related noise, 
Figs. 9 and 10 were generated from the same 
data.(") Here, the average power of range-related 
noise is computed separ&tely for approaching and 
receding Doppler bins. In Fig. 9, noise power is 
&venged over Doppler bins 3 to 10 HZ from the 
carrier, while in Fig. 10 noise power is &veraged 
over Doppler bins 10 to 20 Hz from the carrier. 
One sees that the clutter-related noise near the 
range of peak ground backsc&tter has " symmetri
cal spectrum close in (3 to 10 HZ) and " neuly 

" M, ;, 5•'A .. 10.0 

WLITUDE 
SCALE: 
SD d!/lltCH 
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threshold for Fi~t. 13 is 20 dB higher than the spectrum. Range-related noise decreased 
thresholds of Figs. 11 and 12 to show the clutter- slowly with increasing Doppler shift in all 
related noise peaks more clearly. three cases. 

("' }MFigure 14 shows amplitude versus Doppler ~)s. ~The amplitude ratio of wound backscatter 
durmg successive coherent integration intervals to clutter-related noise near the range of peak 
for radar-range bin 23, which is 480 nmi behind the ground backscatter (where the radar was 
peak of the ground backscatter, but still illumi- intended to detect targets) was relatively 
nated by one-hop ionospheric refraction.(") In constant, being in the range of 60 to 70 
particular, this range bin, at a slant range of 1,760 dB. 
nmi, represents a ray path elevation of only a few ~)4· ~The ~plitude ratio between range-
degrees at ground level for one-hop propagation related n01se and external noise (noise re-
by means of the F2 layer of the ionosphere. The ceived with the transmitter off) was more 
amplitude of range-related noise is much lower in variable, depending on both the absolute 
range bin 23 than in range bin 17, which can be level of ground backscatter and the level of 
seen by noting that Fig. 14 has a threshold 20 external noise. Ratios varying from 10 to 30 
dB lower than that of Fig. 13. One also notes in dB were typical. The only times range-related 
Fig. 14 a number of possible aircraft tracks (large noise exceeded external noise by less than 
amplitude returns isolated in Doppler and forming 10 dB were the times when geographical areas 
a Doppler--time trace) from the geographical area of interest were weakly illuminated or the 
illuminated, which contained a number of Soviet external noise level was very high. These 
military airfields. All of these apparent target were times, of course, when the radar would 
returns in range bin 2:3 are well below the level of have had little detection and tracking capa-
clutter-related noise seen in range bin 17. Thus, if bility, even in the absence of clutter-related 
the targets were in range bin 17, 480 nmi closer to noise. 
the radar, they probably would not have been rv)5. 1$5 Range-related noise was observed to occur 
detected, even allowing for a 5.5-dB greater radar 1: at all times of the day, in all seasons, in all 
return due to the decreased range. Figure 14 illus- beams, at all radio frequencies, in both 
trates the contention made earlier that aircraft polarizations, and so on. It was not an iso-
detectability was not maximized at the range of lated phenomenon. 
peak ground backscatter, but rather at somewhat 
greater ranges, where grazing incidence for ground THE SEARCH FOR SOURCES OF EXCES-5 
backscatter was approached. NOISE IN THE RADAR 

~) £8'(The radar data illustrated, taken on a singlel")~ Once the effects of clutter-related noise on 
day early in the ovsT period, are reasonably radar performance were understood, the AN"/FP&-
representative of the range-related noise phenome- 95 underwent extensive testing to see if the 
non. Characteristics of range-related noise ob- clutter-related noise might be originating in the 
served throup:hout the period of AN/FP&-95 equipment itself. There were two motives for first 
operation are summarized here: testing the radar itself before carrying the investi-
~) 1. /!51 Range-related noise was observed pre- gation to possible external causes of clutter-related 

dominantly at three positions: at short range, noise: 
in the skip zone ahead of the ground back- A A1· %Before using the radar as a test instru-
scatter, and at the ranges of ground back- ~~, ment to look for causes of clutter-related 
scatter. noise in the ionospheric propagation medium 

/o )2. ~Both components of range-related noise or in reflection phenomena in the target space, 
~ at shorter ranges than ground backscatter it was necessary to verify that the radar 

had asymmetrical frequency ·spectra, with itself was not the principal cause of the 
more power in receding Doppler than in obaerved clutter-related noise. 
approaching Doppler. The clutter-related \!:'l (SJf It was thought that, if sources of clutter-
noise at the ranges of ground backscatter related noise could be located in the radar 
generally had a more symmetrical frequency equipment, they could probably be alleviated 

' 
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s I Ui.L{;.,j~[r-l'f-11 
• (U) Description: Inject two test signals 10 Hz0j /' (s.-N'F}1?esults: Clutter and clutter-re :te'<f noise 

apart at 1 MHZ from the desired signaL Measure at the signal processor output were linear with 
the cross modulation level on the desired signaL receiver attenuation, indicating that receiver 

• (U) Results: The cross modulation level was 82 overload was not a source of clutter-related noise. 
to 85 dB down from the desired signal for a -10 • (U) Frequeru;y: 17.4 MHZ. 
dBm out-of-b&nd input, in the worst case. • (U) Dau: June 3, 1972. 
Duplexercrossmodulation effects were negligible.lv)<" """"""' t b £tests f th d t 

• (U) Freqruncies: 8 and 16 MHZ. C ~~··ex ,anumd er~b d So er
1
a
1 

ar
1
an enna 

• (U) Datu: A ril 22 and A ril 28 1972. o_n recept10n are. escn e . pectra y c ean test 
p p ' s1gnals were rad1ated toward the radar antenna 

Test 7: Radio-Frequeru;y Hardware Measure- from various points in the local area, and the 
menta(") received signals were examined for spectral noise 
• (U) Description: Measure spurious-free dynamic of a level comparable to the observed clutter-

range of transmit/receive diodes and magnetic related noise. One might note that extensive 
elements in the beam-forming network. rework of the antenna was undertaken by the 

• (U) Results: No degradation in subclutter visi- contractor (RCA) from Aug. 4 to Sept. 17, 1972. 
bility by these components was found, unless Antenna tests before the repairs were made 
electromagnetic interference (Em) approaches showed a higher level of spectral noise than sub-
0 dBm, which is rare. sequent tests, which tended to exonerate the 

• (U) Frequencies: Not given. reworked antenna as the principal cause of clutter-
• (U) Datu: January and February 1973. related noise. 

Test 8: Elutromagnetic Interference Measure
ments(") 
• (U) Description: Measure the power level of 

interfering HF signals at the receiver input, 
mostly in beam 7 with horizontal polarization. 

• (U) Results: Out-of-band electromagnetic inter
ference sometimes exceeded receiver ratings 
below 15 MHZ. Out-of-band electromagnetic 
interference seldom exceeded receiver ratings 
above 15 MHZ. 

• (U) Frequencies: 5 to 10, 10 to 15, 15 to 20, and 
20 to 25 MHZ. 

• (U) Datu: Dec. 28 through 30, 1971. 

Test 9: Simulated Clutter into ReceiV<r(") 
• (U) De&cription: Inject a simulated clutter signal 

into the receiver at a r&nge in the skip zone, 
ahead of actual ground clutter received in beams 
1, 7, and 13 during full-power operation of the 
radar transmitter. 

( ~) • (~esults: Spectral noise level on simulated 
\.: clutter was at least 80 dB down, while clutter

related noise on actual clutter was only 60 to 70 
dB down. 

• (U) Frequencies: 17.4, 18.4, and 22.1 MHZ. 
• (U) Datu: June 2, 3, &nd 9, 1972. 

Test 10: Receilln' Attenuation(") 
• (U) Description: Attenuate received ground 

clutter from beam 7 at the receiver input in 
6-dB steps to 30 dB. 

Test 11: Loop Anunna at ~ Focal Point(") 
• (U) Description: Radiate a simulated clutter 

signal from a loop antenna located at the 
geometrical focal point of the radar antenna. 
Receive on beam 1 with vertical polarization. 

• (U) Results: Spectral noise was observed 60 to 
70 dB down from the simulated clutter. A similar 
level of clutter-related noise was simultaneously 
observed on actual ground clutter, with the 
radar tr&nSmitter operating at full power during 
the test. 

• (U) Frequeru;y: 22.2 MHZ. 
• (U) Date: June 9, 1972. 

Test 1f: Monopole AnUnna on Sea WaU(") 
• (U) Description: Radiate a test signal from the 

vertically polarized monopole. Receive on beam 
13 with alternating horizontal and vertical 
polarization. 

• (U) Results: Spectral noise was down 80 dB when 
receiving vertical polarization, but down only 
45· dB (at 20.6 MHZ) to 70 dB (at 39 MHZ) when 
receiving horizontal polarization, that is, when 
cross polarized. 

• (U) Freqtuncies: 20.6, 24.2, and 39 MHZ. 
• (U) Datu: July 6 and 7, 1972. 

Test 18: Vertical Dipole on Sea WaU(") 
• (U) Description: Radiate a test signal from a 

vertically polarized dipole. Receive on beam 13 
with vertical polarization. 
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EQUIPMENT CO~!PONENTS AS POSSIBLE SOURCeS OF 

CLUTTER-RELATED NOISE 

~) j/ilf All components of the radar, including its local 
environment, were considered as possible sources 
of clutter-related noise. For each component, one 
or more physical mechanisms capable of generating 
clutter-related noise were hypothesized. These 
mechanisms (see Table 5) were then considered in 
structuring the equipment tests for clutter-related 
noise. Table 6 summarizes the results of the 20 
equipment tests as described earlier with respect 
to sources of clutter-related noise in each radar 
component. A minus sign (-) means that a given 
radar component was found not to be a significant 
source of clutter-related noise; a plus sign ( +) 
means that a component was found to be signifi-

TABLE 5. 

J.adar Cmonnt 

Staul PrGCIIIOr 
aDd DilplaJI 

Alltlcu.&, around 1cren, 
and u Karctv.r• 

Int.r.odulltion d11tort1on: cron
aoduhtlon dbtortion 

A/D con••ner traaient rnpon111 
la1uffic11nt 11y-1c rana• 
Spectral al1 .. 1q: 

Wind 'libntioa of nd11t1ftl •1-nu 
Wind 'tibut1011 •k1uc 1nd bl'eauaa 

contact• 
Ardnt: and corou 
Cro11 MdulaUOD ia aonUaur jolou 

Cro•• WH!.11lat1on io •nc111111 
electrical equip.lll'lt 

Sea ICitUria& fro. f1rtt Pnsael 
tone 

cant. Many squares in the table are left blank, 
indicating no conclusive relationship between a noise actually observed, thus showing that the 
given equipment test and a given radar component. receiver was not the major cause of clutter-related 

(, noise. The electromagnetic interference measure-
~!!) j!5j Spectral noise on the radar transmitter output ments (Test 8) showed that out-of-band electro-

could cause clutter-related noise to appear on magnetic interference occasionally exceeded re-
ground clutter. The ratio of clutter to clutter- ceiver ratings, which could allow cross modulation 
related noise expected would be approximately in. the receiver to cause significant clutter-related 
equal to the ratio of carrier to spectral noise on the noise. However, such large out-of-band electro-
transmitter output, if such spectral noise were the magnetic interference was rare, whereas clutter-
principal cause of clutter-related noise. The related noise was observed all the time when 
transmitter noise level measurement (Test I) ground clutter was strong. Testing of the receiver 
showed a very low level of spectral noise-much with simulated clutter (Test 9) showed spectral 
too low to account for the observed clutter-related noise on the simulated clutter to be smaller than 
noise. A test using a fan dipole on the sea wall observed clutter-related noise on actual clutter 
(Test 3) also showed transmitted spectral noise received at the smne time. Actual clutter and 
to be much lower than the generally observed clutter-related noise were also shown to be liti.ear 
clutter-related noise. The two overall system tests with received signal attenuation (Test 10), thus 
using a repeater (Tests 17 and 18) also tended to indicating that receiver overload was not a cause 
clear the transmitter as a cause of clutter-related of clutter-related noise. 
noise. Finally, the observed linearity of clutter- I .,t),""'" . . . 
related noise with transmitter power (Test 19) \.: ""' Ante.nna ~ecept10n Tests _13 th_rough 16 mcluded 
was an indication that nonlinear effects in the the recetver m the test cham. Smce low levels of 
transmitter were not a significant source of spectral noise were observed, these tests also 
clutter-related noise. exonerated the receiver as the principal cause of 

) 
clutter-related noise. For example, the test em-

~ ~ Receiver testing was more extensive than playing a vertical dipole on the sea wall as a 
· transmitter testing, in part because numerous signal source (Test 13) showed spectral noise down 

tests of the radar antenna also implicitly tested 91 to 95 dB from the carrier, which is far lower 
t-he radar receiver. Tests of receiver linear dy- than the clutter-related noise-to-clutter ratios 
nsmic range, intermodulation distortion, and cross- commonly observed. Transmit and receive system 
modulation distortion (Tests 4, 5, and 6) showed tests employing a signal repeater (Tests 17 and 18) 
that the spectral noise imposed upon received also tended to exonerate the receiver, although 
ground clutter by these receiver phenomena should the spectral noise in these cases was not quite so 
be much lower than the levels of clutter-related low, because of the limitations of the repeater. 
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:····-·· Vit~U,JJu j~lj 
~)~The receiving chain and signal repeater IAlsts 

also indica!Ald that the radar signal processor and 
displays were not the cause of clutter-related 
noise. That is, spectrally clean test signals injected 
ahead of the signal processor were observed on the 
displays to be not corrupted with spectral noise 
to anything near the level of clutter-related noise 
observed on actual ground clutter. There was a 
further indication that all the radar signal proc
essor circuits after the analog-to-digital converter 
had adequate linear dynamic range to properly 
spectrum-analyze ground clutter. An off-line digital 
signal processor was developed by MITRE(") to 
supplement the on-line hybrid digital/analog radar 
signal processor. Careful comparison of clutter
related noise at the output of the off-line digital 
processor with clutter-related noise observed on 
the radar displays showed very close agreement in 
amplitude, spectrum, and time variation. While 
it is possible that both processors might have had 
an undetected flaw, it is extremely unlikely that 
both would have had exactly the same flaw. 

~) JJI( A lingering doubt does exist about one com
ponent of the signal processor-the analog-to
digital converter. A colleague(") has put forth the 
hypothesis that analog-to-digital converter tran
sient response errors in following time-varying 
clutter might account for the spectrally spread 
clutter-related noise. Since all test signals, both 
cw and pulsed, had constant amplitude from one 
radar pulse repetition interval to the next, the 
transient response of the analog-to-digital con
verter may not have been adequately tested, ac
cording to this hypothesis. At this late date, there 
appears no way to resolve this question. 

~)~Four tests of the radar antenna, ground screen, 
and RF hardware were conducted in the spring and 
summer of 1972, before RCA reworked these 
components. The transmitter power reduction test 
19 tended to rule out nonlinear effects in the 
transmitting antenna, such as arcing and corona, 
as the principal cause of clutter-related noise, but 
it was too limited in scope to be wholly conclusive. 
Cross-modulation distortion in the duplexers was 
measured in conjunction with similar receiver 
measurements (Test 6) and found to be negligible. 
Two early tests of the antenna on reception gave 
positive results, however. Spectrally clean test 
signals that were radiated from a loop antenna at 

the geometric focal point of the radar antenna 
(Test 11) showed spectral noise at the signal 
processor output comparable in amplitude to the 
clutter-related noise simultaneously observed on 
ground clutter. When a vertical monopole on the 
sea wall was used to radiate a spectrally clean test 
signal (Test 12) to the radar antenna, spectral 
noise was also observed at the signal processor 
output. With the radar antenna vertically polar
ized, spectral noise on the test signal was lower 
than the clutter-related noise usually observed on 
ground clutter. However, with the radar antenna 
horizontally polarized (cross polarized to the test 
signal), spectral noise on the IAlst signal at some 
frequencies was higher than the clutter-related 
noise usually observed on ground clutter. The 
results of these two tests were taken as an indica
tion that at least some of the clutter-related noise 
was originating in the radar antenna on recep
tion-possibly in the ground screen, because it 
could produce cross-polarized spectral noise. 

(U) As a result of these early antenna tests, a team 
of engineers from RCA Moorestown, the AN/ 
FP8-95 contractor, came to the site in the fall 
of 1972. They inspected the antenna, ground 
screen, and RF hardware, had extensive repairs 
and rework done, and then participated in further 
tests of the reworked antenna. Rework of the 
antenna was conducted between Aug. 4 and Sept. 
17, 1972. Expansion sections in the RF hardware 
and the ground screen clips were both found to 
generate spectral noise during two-tone inter
modulation tests; corroded joints were also found 
by visual inspection. The expansion sections were 
replaced, steel towers in the antenna field were 
rewelded to reduce nonlinear RF effects at joints, 
grounding connections were improved, and the 
ground screen clips were welded. Coaxial lines to 
the baluns were modified and grounded, as were 
certain conduits and fan plates. All loose metal 
debris in the antenna field was removed. 

(U) After the rework, extensive testing of the 
antenna on both transmission and reception was 
performed. Transmitting tests were directed 
toward both linear sources of spectral noise, such 
as wind vibration, and nonlinear sources, such as 
arcing and corona. Receiving tests took into 
account wind vibration also, as well as nonlinear 
effects, such as rectifying action at joints in the 
antenna and ground screen. 
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Figure 15. Ray path geometry. 
(Figure unclaosified.) 

related noise. One further piece of evidence-the radiating system also included its local environ-
absence of nonlinear effects during the transmitter ment, particularly the sea. The local environment 
power reduction Test 19-tended to negate the seemed no significant source of such noise. 
hypothesis of cross modulation in ancillary{t)~avin!( rather thoroughly exonerated the radar 
equipment. C equipment as the limiting source of clutter-related 

CONCLUSIONS OF EQUIP~IENT TESTING 

@);.sf'Numerous tests of the AN/FPS-95 transmitter 
showed it to have exceptional spectral purity and 
to be a negligible contributor to the overall level 
of clutter-related noise. The radar receiver, always 
a prime suspect as the cause of clutter-related 
noise, was very thoroughly tested for spectral 
noise generation. It, too, was exonerated, except 
when very large out-of-band interferers were 
present at the receiver input. Since such interferers 
were rarely present, whereas clutter-related noise 
was always present when OTH propagation was 
good, it was concluded that the radar receiver was 
not the principal cause of clutter-related noise. 

noise, attention turned to factors external to the 
radar. Both the ionospheric propagation medium 
and radar reflectors in the target space were con
sidered as sources of clutter-related noise, as 
discussed in the next section. 

THE SEARCH FOR SOURCES OF EXCESS 
NOISE IN THE EXTERNAL ENVIRON
MENT 

(U) After an introductory discussion of propaga
tion geometry, this section gives brief descriptions 
of all the relevant experiments and tests, followed 
by discussions of postulated causes of noise due 
to reflection effects and propagation phenomena. 

The ra.dar signal processor was shown tbrOU!(h PROPAGATION GEO~IETRY 
numerousteststonotbeasignificantsourceoflt)\ -F" 15 h "d r dd" fth 
clutter-related noise. A minority opinion(") would '= ~ >gu~e s ows an 1 ea >ze >agram 0 

. e 
h 

· h h d"d t d 1 propa!(ahon ray paths typ>Cal of radar operahon 
ave h>t t at

1
t ese t,~s!s 

1
1 no a equate Y meas- using the ionosphere F-layer as the reflecting layer 

ure t e ana og-to-u>g>ta converter tranSient re- (th 1 d f t. ) Th . . 
1 

· e norma mo e o opera >on . e rays ema-
sponse to hme-varymg c utter. nating from the radar located at R are shown as 

~) C{lf Some spectral noise generation mechanisms being restricted to a range of elevation angles 
were found in the AN/FP&-95 antenna, ground bounded by the lower ray path R-E3 and the 
screen, and RF hardware. After extensive rework upper ray path R-EI. In fact, of course, the actual 
of these components by RCA, such noise genera- elevation gain pattern did not have such sharp 
tion mechanisms were considerably reduced, but boundaries. It featured a direction of maximum 
still present. Extensive system testing on both gain that could be switched between an upper 
transmission and reception showed that the an-

elevation angle of approximately 15 deg and a tenna, ground screen, and RF hardware were not 
the principal cause of clutter-related noise. These lower position of typically 5 to 7.5 deg by selecting, 
components had particularly good spectral purity respectively, horizontal and vertical polarizations. 
above 20 MHZ, whereas clutter-related noise on The measured antenna patterns indicated con-
actual ground clutter was just as prevalent as it siderable variations in elevation beam shape as a 
was at lower radio frequencies. Some tests of the function of beam number and radar frequency. 
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each of beams 1, 7, and 12. During and beyond 
the duration of this test, local weather, solar flux, 
and the geomagnetic index were recorded to per
mit the investigation of possible correlation with 
clutter-related noise. The results of synoptic test 
data analysis clearly confirmed the persistent 
existence of the short-range, precursor, and 
clutter-related noises. They did not, however, 
reveal any clear correlation between the clutter
related noise and local weather, solar, or geomag
netic parameters. 

(U) Examination of off-line processed data showed 
that the switching transient effects were confined 
to extremely short radar ranges and that they 
could be ignored at the ranges of the observed 
short-range noise. Earlier in the AN /FP8-95 test
ing program, the presence of more serious switch
ing transients had been observed using the on-line 
signal processor. These were subsequently reduced 
by an equipment modification. In this connection, 
it should be noted that the vast majority of data 
used in the investigations of range-related noise 
were analyzed by off-line techniques. 

(U) Although antenna arcing had previously been 
observed at lower radar operating frequencies, 
measurements at 23 >~Hz, the frequency used for 
most- short-range noise tests, failed to reveal any 
evidence of the phenomenon. 

~)¢'An interesting effect noted in data recorded 
between September 1972 and May 1973 is that 
the ratio of ground clutter to clutter-related noise 
appeared to vary distinctly as a function of beam 
azimuth. The relative amount of noise was lowest 
in beam 1, rose gradually through beam 9, then 
dropped again until the most southerly beam 13 
was reached.(") The maximum variation (beam 1 (U) A measurement made at a frequency of 23 
to beam 9) was approximately 10 du. MHZ in beam 13 using vertical polarization con

tained a surface wave clutter signal at a range of 
Land/Sea Teste:') 40 nmi. The amplitude of this signal was suffi-

~}Lol!rThe object of this test was to investigate the ciently higher than the noise background of the 
hypothesis that the clutter-related noise was spectrally analyzed data to permit the conclusion 
generated, through the modulation and backseat- that any spectral spreading of the signal (by 
tering of radar energy, by objects situated on or antenna vibration) would be down by at least 
near the earth's surface, at ranges normally 66 dB. This conclusion does not, of course, neces-
illuminated by the one-hop OTH radar pr~pagatio~ sarily exonerate the antenna at other frequencies, 
modes. Because of the Importance of th1s exper1- beam positions and polarizations. 
ment and its results, it is described in greater 

1
_ ) ' 

detail in the appendix at the end of this paper.~ (JiiJ The main effort in this test was devoted to an 

~) 'llf The test was arranged to measure the clutter
related noise powers from range-azimuth resolu
tion cells within an area of AN/FP8-95 coverage 
encompassing both land and sea areas. The 
greatest variations in clutter-related noise levels 
were found to occur between adjacent land and 
sea areas. These results were not inconsistent with 
the assumption that no clutter-related noise was 
generated within the resolution cells located over 
the sea. 

Short-Range Noi&e Te8t(M) 
(U) The primary purpose of this test was to 
identify the sources of the component of range
related noise observed to occur at short radar 
ranges (less than approximately 600 nmi). The 
particular postulated mechanisms investigated 
were transmit/receive switch transients, trans
mitter-induced corona, antenna vibration, and 
meteor effects. 

examination of the meteor theory of short-range 
noise generation. The noise was recorded in beam 1 
and beam 13 for each of the two available antenna 
polarizations (vertical and horizontal). Changing 
the polarization had the effect of raising the beam 
from a lower position to a higher position. The 
radar ranges of the recorded short-range noise 
were seen to shift in toward the radar when the 
beam was raised, in accordance with the hypothesis 
of backscattering occurring within the E-layer. 
The recorded d·ata were used to calculate the 
antenna vertical beamshape for subsequent com
parison with independent measured patterns. A 
good correspondence was thus obtained. The 
above measurements were performed both above 
and below the maximum usable frequency, at a 
frequency of 23 !o!Hz, by choosing the appropriate 
diurnal time. Some of the measurements, when 
operation was below the maximum usable fre
quency, were made at a low pulse repetition rate 
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F-layer contained clutter-related noise and that in a range bin set near the peak of the ground 
via sporadic-E did not, then the F-layer as a backscatter. Here the clutter power and noise 
possible unique cause of clutter-related noise could power decreased together as transmitter power was 
be inferred; if the signals that propagated via decreased, but clutter and noise were only 10 to 
sporadic-E only had clutter-relat<>d noise and the 12 dB down for the transmitter power reduction 
F-layer-only signals did not, then the F-layer of 18 dB. (The experimenter conjectured that poor 
would be absolved and sporadic-E implicated, and calibration of the power reduction switch could 
so on. Because sporadic-E layers were not in have caused the discrepancy.) There was no slw.rp 
evidence during the time interval within which the reduction in noise power at any point during 
Scientific Assessment Committee's investigation transmitter power reduction. Both clutter power 
was conducted (February and March 1973), use and noise power decreased smoothly and pro-
was made of data recorded in June 1972 in connec- portionately with transmitter power reduction. 
tion with Design Verification System Testing 

. . REFLECTlON EFFECTS 
(DVST) Expenment 202, when sporad1c-E was a J) 
frequent occurrence. ~ (~) Postulated causes of range-related noise 

(.!'Pf Analysis of the data showed clutter-related 
noise to be present in the spectra of signal se
quences that propagated over two-way sporadic-E 
propagation paths and in the spectra of signals 
that propagated simultaneously over two-way 
F -layer paths. The characters of the noise and the 
clutter-to-noise ratios were roughly the same in 
the two cases. 

which attribute the phenomenon to equipment, 
local environment, or propagation effects generally 
include the assumption of the earth-surface re
flection as an element of the relevant two-way 
radar propagation paths. This reflection is regarded 
as that of a fixed reflector, however, which does not 
therefore alter the spectral composition of the 
reflected energy from that of the incident energy. 
The spectral broadening that accounts for the 

Transmitur Power Reduction Test ("') clutter-related noise is assumed to occur else-
~) ~ Objective of the Transmitter Power Re- where. In contrast, this section discusses postu-

duction Test which is relevant here was to de- lated causes of range-related noise in which the 
termine whether the high power radiated by the spectral broadening of radiation, which is reflected 
transmitter was heating, and thus modifying, the back to the radar receiver from distant locations, 
ionosphere so as to ·cause the observed clutter- occurs at the actual point of reflection. This 
related noise. reflection point may be in the normal ground-clutter 

f ·' ) ("->.:PP Th test d b b f th reflection area or at some totally different location. 
~ ..,_.,. .... 1 e was one y mem ers o e U) 

on-site staff on June 3, 1972 with the radar in its ~ (~) As described previously and as seen in 
normal operating configuration, transmitting in Fig. 16, the range-related noise was observed 
beam 7 on horizontal polarization at a frequency mainly in three well-defined regions of radar range, 
of 17.4 MHZ. All six transmitters were used. The that is, a "short-range" region extending out to 
transmitter power was reduced in steps of 3, 6, 12, approximately 600 nmi, a "precursor" region in 
and 18 dB, each step being maintained for one front of the ground-clutter return, and a region 
minute, and all measurements were taken within coincident with the ground-clutter return. This 
about 5 min. In the data processing, range bins latter noise is named "clutter-related noise," and 
80 nmi in range extent were formed, and the it is the one of highest importance in its effect on 
returns in each was coherently integrated for 6.4 the observation of most aircraft, since it is at the 
sec. Further processing then yielded average noise ranges of the ground clutter that .the lower at-
power in all Doppler bins from PRF/8 to PRF/2 and mosphere is illuminated and, consequently, where 
the average clutter power in the first eight Doppler the aircraft echoes are to be found. The other 
bins around the carrier frequency. These averages regions are also of some interest, however, since 
were computed for each range bin during each their noise may obscure the OTH observations of 
integration interval. high-altitude targets such as ballistic missiles, as 

{::') (~ The result relevant here is the behavior well as those of target echoes generated via multi-
of average clutter power and average noise power hop ambiguous-range propagation modes. Yet 
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highly unlikely that the meteor effects would third, the amplitudes of the returns were found to 
exhibit abrupt differences in their reflection capa- depend strongly upon the radar frequency, being 
bilities as a function of their geographical positions 10 to 30 dB higher at 8 MHZ than at 10 MHZ. 

within the AN /FPS-95 coverage. """" . . . (!>VI These observed charactenst1cs of rad1o aurora 
~\i81' To summarize, it appears that the clutter- reflections contrast strongly with characteristics 

related noise is a different phenomenon from the of clutter-related noise, which include gradual 
close-in and precursor range-related noise, both of variations in level as a function of beam azimuth 
which appear to be caused by reflections of radar and radar frequency, symmetrical spectra, and a 
energy from meteor-induced ionization within the close correlation in range with that of the ground 
E layer. clutter. 

Auroral Effect& Aircraft RetuNI8 
(U) The term "auroral" is a very loose description~)~ Among the less plausible suggested causes of 
of the postulated causes of clutter-related noise clutter-related noise was the possibility that the 
considered under this heading. Such causes include reflections from a large number of aircraft, enter-
all those which may be attributed to radar reflec- ing the radar receiver through the antenna 
tions from ionospheric irregularities, whether sidelobes, could be the source. It would be ironic 
magnetic-field-aligned or otherwise. It happens indeed if the AN/FP5-95 failed to see aircraft 
that most of such well-known effects occur in the because it was seeing too many aircraft! Quanti-
high latitudes and are somewhat loosely correlated tative calculations to examine this postulated 
in position with visible aurora. phenomenon have not been performed, largely 

(tJ)(Srl'he radio aurora effects are known to produce beca~s~ of a lack. of d~t.a conce~g the numbers, 
radar reflections over a wide radio-frequency range, velocities, and diSpOSitions of a~rcraft abou~ the 
including the HF band. Furthermore, these reflec- radar. It _does, .however, seem extrem.el~ unlikely 
tions exhibit Doppler frequency shifts and spread- th~t Within a g~ven range cell, even Within a l~rge 
ing on the order of the observed clutter-related a~1muth sector, there would have been su~Clent 
noise spectral widths. Over-the-horizon measure- aircraft to occupy all the Dopple~ cells (typically 
ments in the Arctic have shown this "diffuse several hundred) and, thus, have g~ven the appear-
spectrum clutter" as a severe limitation to the ance of broadband ~oise. Even if this had be~n the 
detection of aircraft.(") Also, the ranges from the c~e •. then the relatively. small number of a~rcraft 
AN/FP5-95 to the zone of maximum auroral Within the antenna ~ainlobe should have been 
activity were such as to place the radar ranges of separately resolvable m Doppler frequency a~d 
the auroral reflections within the AN/FP5-95 would, on account of the large two-way gam 

differential relative to the sidelobes, have been coverage. 
easily discerned above the clutter-related noise 

{y)¥ Much information was gathered throughout background. One would also have expected to see 
the operational life of the AN /FP5-95 on the marked diurnal changes in the noise due to the 
radar returns from radio aurora. (12

) In addition, reduction in air activity at night. 
more of these data were specifically gathered as ,._ ~ , E" 
part of the synoptic data collection during the &A>r ~~,au wectl . . 
investigation of clutter-related noise. These data @)(jlf While there a~ virtu~y no obJects on the 
clearly distinguished auroral effects from those of earth. _or sea surface _which have ~ranslatory 
clutter-related noise in a number of particulars. vei?Cltles. comparable With those of a1rcraft. and 
First, the auroral returns, while occasionally wh1ch Inlgh~ therefo~e produce. Doppler~hifted 
coinciding in range with those of ground clutter, radar _reflections to mterfere With OTB au:craft 
were generally to be found at ranges and with dete~t1on, there are nevertheless man! obJects, 
statistical frequencies that varied considerably, part1c~larly man-made, that move, Vlb~a~, or 
depending upon the time of observation, season, rot~te m such_ a m~er as to modul~te an mc1dent 
magnetic activity, operating frequency, and azi- radio wave, either m phase or amphtude, so as to 
muth. Second, the spectra of the auroral back- generate sidebands in the reflected power. These 
scatter were generally highly asymmetrical. And sidebands could, if removed sufficiently in fre-
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TABLE 8. Propagatum medium effects. (Tahk uncUusifod.) 

~ Ont·Wty OTH 
Sporedic Trensminer 

Aurora Land/See E/F·layer Power Reduc· 
Sl Poth Tests 

Comparison tion Test 
Me1111remenu Comparison 

F-layer Venice! Motion 
end Weves v v 
E·Lavtr ond Sporedic·E 
Verticol Motion end Waves v v 
Ionospheric Modificotion 
end Heating v v v 
Meteor·lnduced Power 
Flow Modulation v v 
Aurora-Induced Power 
Flow Modulation v v v 

was therefore suggested that the radar energy could be corrupted by a number of mechanisms in 
arriving back at the receiver, after many such passing from the radar antenna over the horizon 
reflections from multihop propagation modes, to the earth's surface. It is the dual purpose of 
might be a cause of clutter-related noise. this section first to list the various phenomena that 

( "') have been postulated as possible mechanisms for 
~ ~One reason that_this would seem to be unlikely such spectral corruption and then to review the 

is that such multihop returns would not generally evidence for and against each case as the cause of coincide in range with that of the observed 
I tt I t d . h" h . 1 . observed clutter-related noise. Here we consider 

c u er-re a e notse, w 1c 1s a ways approx1- 1 · . · ff d 1 
t I · "d "th th d 1 tt An th on Y transmWlswn effects; re.fiectwn e ects are ea t rna e y come~ ent WI . e groun c u er. o er "th · th d" · 

h f h h b d · 1 WI m e prece mg section. 
reason concerns t e act t at t e o serve smg e-hJ) 
hop Doppler shift due to rising or falling iono-~ jBfThe matrix of Table Slists at the left specific 
spheric layers is usually less than I HZ. Since the phenomena that have been put forward as possible 
amplitudes of the returns from successively higher causes in the transmission medium for clutter-
orders of hop would generally be attenuated, one related noise. Across the top are the names of 
would expect the corresponding spectrum to fall various experiments that were performed to 
off sharply with frequency. It would also be rare confirm or deny one or more of the causes. Check 
to encounter the particular mix of rising and falling marks signify which experiments relate to the 
layers necessary to account for a symmetrical various postulated- causes. The method here will 
spectrum. From this reasoning, it appears unlikely · be to consider each phenomenon in tum and to 

. that multihop effects could explain clutter-related review for each the relevant experimental evidence 
noise: This conclusion is strengthened by the low that was generated in the attempts to find and 
PRF observations performed during the short-range eliminate the cause of the noise. 
noise experiment,(") wherein clutter-related noise F-Layer Vertirol Motion and Wavea 
was observed during radar operation at a PRF of(, 1) (""-""- Th · h" h b h F 1 !0 ~ ~""' e expenments w IC ear on t e - ayer 

Hz. of the ionosphere as the unique cause of clutter-
PROPAGATION MEDIU~I EFFECTS related noise are the One-Way Path Tests,("·") 

(U) The spectra of high-frequency radar signals the Sporadic E-Layer/F -Layer Experiment, ('7) and 

lifJEi A~s~urn 
.,, '* '-• ~""'" .! '-"-' 
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reception of the AN/FP&-95 signal in the Eastern FEASIBILITY OF ELECTRONIC COUNTER 
Mediterranean, we looked for meteor-belt-induced MEASURES AS THE SOURCE OF EXCESS 
forward scatter by slewing the range gate NOISE 
ahead of and behind the main received radar6:J }.,..... . . . . 
pulse. Results were inconclusive, perhaps because IP' In t~e absence of any convmcmg conventional 
of a Jack of adequate isolation of the gate. But the explanation for the _clutter-related n01se, some 
spectrum of the received direct signal was not spe_culated that the noJSe could have been generated 
measurably corrupted in any way. As before, the dehbe~ately. Mter all, the AN~P&-~5 was en-
Land/Sea Test results imply that the cause of gag:d m a surveiiia~ce of the ~viet Umon and the 
clutter-related noise is not in the transmission Soviet-Bloc countries, a function that could have 
medium. been deeply resented. Perhaps this resentment 

. provoked countermeasures to reduce the radar's 
Aurora Powor Flow-Modulat-.on effectiveness and ultimately remove it from the 

~) ~The question here is whether the cause of the scene. Admittedly, the notion seems "far fetched"; 
observed clutter-related nmse could be a modula- however, it is not easily disposed of and remains a 
tion of the signal resulting from interaction with possible explanation for the noise. In this section, 
aurora as the signal passed through the propaga- we explore this possibility and describe how it 
tion medium. could have been done. 

~))8( To cause spread-frequency noise (that is, &~If countermeasures were employed, they 
noise resembling clutter-related noise) to be were not of the conventional jamming type, be-
present in range intervals containing returns re- cause jamming in the ordinary sense would have 
fleeted from the earth's surface, either the main been observed by the site personnel. Furthermore, 
signal would have to be corrupted in passing such jamming would have both violated- inter-
through aurora-disturbed regions or the corruption national agreements and incurred severe criticism. 
would have to be impressed upon non-main-path But a jamming technique not easily recognized as 
signal components (that is, transmissions of the jamming might be a distinct possibility. Granted 
signal over paths containing aurora in the antenna that the notion of "covert jamming" seems even 
sidelobe direction, and so on) that arrived back at more ridiculous, it is, however, not without prec-
the radar receiver at times corresponding to those edent. There is a technique referred to by some 
of the arrival of the main-path clutter retums. For as "Villard's Disclosure" that provides a basis for 
the former--corruption of the main signal by covert jamming in OTH systems. • Over-the-
passage through auroral regions-transmission horizon radars generally have large transmitting 
would have to be along certain beams, namely, the antennas and high-power transmitters, which 
more northerly beams, and at times when aurora combine to produce large power densities in the 
was present. One would then expect the clutter- target coverage area. The actual return from the 
related noise to occur in northerly beams only targets of interest is quite small compared with 
when aurora was present. But clutter-related noise the incoming radiation and its scattered com-
was present with clutter returns from northerly ponents from ground clutter. These target returns 
beams whether aurora was present or not.(") In are detectable at the radar because OTH radar has 
fact, clutter-relaied noise was observed in returns a large receiving aperture; in the terget coverage 
via all beams, including southerly beams, whether area, however, the target returns tend to be 
aurora was present in the north or not. In regard masked or covered by the large incoming and 
to the conjecture that aurora-induced noise en-

ground-scattered signals. In other locations, it is 
tered through the sidelobes of the antenna, 
studies(I') that analyzed the return in each beam also difficult to discern the signals reflected from 
as a function of time, range, and magnetic activity the target because of the large clutter return that 
made it possible to distinguish and categorize covers the signal. These clutter returns are also 
auroral clutter. The studies also found, at times present at the radar, but are removed by compli-
and for some beams, that auroral clutter could 
increase the noise level in the range bins containing 
ground clutter, but that mostly it would not. (12) 

*(U) Probably because the technique was disclosed by 
0. G. Villard, Jr., many years ago, but the authors do 
not have a reference to support this conjecture. 
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a = 100m', 
L = 10 da, and 
l = 10 da, 

{y )~ests on the environment external to the radar 
seem to eliminate as causes of the noise all effects 
except what we have called earth-reflection effects. 
While the results of the Land/Sea Test, which 

then p=2.78X w-• watts/resolution cell. explored the earth-reflection effects, are generally 
~-);,srSince the shortest pulse used on the AN(FPs- consistent with the hypothesis that clutter-related 

· 95 was 250 1'5eC long, corresponding to 20 nrni in noise is present in returns from land surfaces and 
range, each jammer must fill no more than five not present in returns from sea surfaces, the 
range cells. Since trailing cells require less power evide~ce is too limite?, both in tim~ and in regions 
than the first cell, the power requirement due to exammed, to be considered conclusive. 
range cells is less than five times the power(_IJ)M As this paper suggests, a few inexpensive, 
requirement for the first cell. The highest PRF of simple, repeater-type jammers with a few watts of 
the AN(FPs-95 was 160 Hz, and with 10 sec of power output each, distributed over the radar 
intejrfation, there are no more than 1,600 Doppler coverage zone, conceivably could have produced 
resolution cells. Consequently, there are less than effects like those identified in the paper as clutter-
8,000 resolution cells in total, and the worst-case related noise. No tests performed at the radar 
jammer at 500 nmi would require less than 2.22 either confirm or deny the hypothesis that jam-
watts. A site at 2,000 nmi would require )!,. of ming caused the clutter-related noise. 
this power. In either case, the jammer power \1<::> Th 

1 
f h AN(FPs-

95
. · th 

· · II (v IY'' e strange egacy o t e Is e 
reqUirements are QUite sma · enigma surrounding the clutter-related noise. In 

~)%We are forced to conclude that the jamming all the time since the program terminated, the 
technique is quite feasible, and it is not clear that radar community~ven including some OTH radar 
the experiments conducted at the AN(FPs-95 specialists-does not seem to have assimilated 
would have discovered the jamming had it oc- either the nature of the difficulty that beset the 
curred. If experiments confirming or denying the AN(FPs-95 or the details of the program that was 
possibility had been conducted, they would have mounted to try to find the cause. There seems to 
perhaps resolved the issue. They were not con- be a feeling that the Cobra Mist experience was 
ducted. anomalous and that the affliction will not recur. 

The authors would caution against such a view. 
SU:IBIARY AND CONCLUSIONS .. 

~~)The AN/FPs-95 experience may mdlCate 
e?)~ The AN[FPs-95 oTH radar built by the U.S. that natural effects of some kind limit the sub-

Air Force on the North Sea Coast of England in clutter visibility achievable in high-frequency OTH 
the late 1960's was plagued by noise that severely radars to about 60 to 70 da. The AN/FPs-95 
limited subclutter visibility and, thus, seriously was the first OTH radar with enough power rou-
impaired the detection performance of the radar. tinely to ~:enerate clutter returns SO to 90 da above 
All-out attempts to locate and correct the source external cCIR noise levels. Therefore, it is perhaps 
of the noise in the relatively brief time allotted in the first OTH radar to be afflicted routinely with 
late 1972 and early 1973 were unsuccessful: The clutter-related noise. But not the only one: During 
source was not found. Subsequently, the program the Cobra Mist· tests in 1973, members of the 
was terminated abruptly on June 30, 1973, after Scientific Assessment Committee visited another 
which the radar was dismantled and its compo- oTH radar site, bringing back data records that 
nents removed from the site. clearly showed noise resembling clutter-related noise 

) in range bins containing ground-clutter returns.(') 
~ !Ji'f'_A host of tes~ :were pe;formed on the radar So, at least in 1973, clutter-related noise was 

eq~Ipment to see If It con tamed the source of the observed at another OTH radar. 
noise. In the end, the eqUipment was exonerate~; tv 'I____ . . 
furnished by RCA Corp., Moorestown, N.J., It L ~f the cause of clutter-related nmse IS an area 
was generally of high quality and was judged as effect-and some believe that it is-it can be 
almost certainly not the source of the clutter- overcome in design by giving an OTH radar ade-
related noise. quat.e spatial resolution, so that the returns from 
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Figure 17. The geographical coverage 
chosen for the Land/Sea Test. 
(Figu:e clmssifled !ectet.>c.._u ) 
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Tbe beam positions on Fig. 17 correspond to the (U) For each run, the data were recorded first in 
nominal azimuth directions of the AN/FP8-95 beam 13 for 2 min. Beam 12 was then similarly 
antenna structure. The radial lines inuicate the treated, and so on down to beam 9. The 10 min 
nominal one-way half-power bearings of each of data thus recorded on magnetic tape were all 
beam. Measurements of the actual antenna taken using a single radar frequency. Subsequent 
patterns(") revealed that the beam positions 10-min runs would not necessarily be at the same 
squinted inward, so that the high-number beams frequency. Over the course of the experiment, 
were actually pointing several degrees north of approximately 8 hr of data were recorued and 
their nominal positions. This fact is important in analyzed. 
the interpretation of the experimental data. The Data Analysis 
range-resolution cells drawn in beam 12 are each f t>l,""" A ( II d · · ( h · 1 d d 4o · 1 R ( to th 11 · b th '>:.'J,, u escnpt10n o t e s1gna an ata 

nmb 1 ~ndg: .~-~~ncteh fi ese ce s 15 Y e analysis is beyond the scope of this paper, and the 
num ers m 1ca""" m e gure. · t d d · r d R r B · fl mteres e rea er IS re erre to e . 33. r1e y, 
O~rating Parameurs and Procedures 
(U) During data gathering, the AN/FP8-95 was 
operated using the following parameters: 

Frequency: Variable 
Pulse length: 500 115ec 
Pulse shape: Cosine-squared 
PRF: 40 pulses/sec 
Antenna polarization: Horizontal 
Beam numbers: 13, 12, 11, 10, and 9 

however, for each range cell the 2-min sequence of 
signal returns was divided into batches of 3.2-sec 
duration (128 samples) and submitted to an off
line spectral analysis. This permitted the ground
or sea-clutter returns, which· are located in the 
vicinity of zero Doppler shift, to be separated from 
the clutter-related noise. Measurement of total 
clutter power was made in a Doppler band 
extending from +5 Hz to -5 Hz. Clutter-related 
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"• thereby increasing the amount of clutter-related 
noise received in that beam. A numerical integra
tion of the two-way antenna pattern for various 
assumed beam skews shows the followin!( results 
for the expected ratios of clutter-related noise in 
beam 11 to that in beam 12 at the ranges of range 
cells 33 and 34. 

A11um<d Nort/aorly 
St.UJ (<kg) CRN Ratio 

0 28:1 
3 7:1 
5 2:1 

~) ~ These clutter-related noise ratios are seen to 
be not inconsistent with the ratios of 87:13 and 
82:18 from Table 9, assuming existing beam 
skews of approximately 3 to 4 de!(, which is within 
the range of the measured beam skews. 

( J )~From the preceding ar!(Uments, it appears that 
the experimental measurements of clutter-related 
noise are fully consistent with the hypothesis that 
little, if any, clutter-related noise is returned from 
resolution cells corresponding to sea areas when 
compared with clutter-related noise returned from 
land cells. As Table 9 shows, the clutter-related 
noise variation between either adjacent pairs of 
land cells or an adjacent sea cell pair is generally 
much smaller than that observed at land/sea 
boundaries. The data in Table 10 for clutter 
returns are particularly interesting when compared 
with the clutter-related noise data in Table 9, for 
they show that at the land/sea boundaries, and 
unlike the clutter-related noise behavior, the 
clutter levels do not change appreciably. These 
facts do not support theories of clutter-related 
noise generation that propose that the radar energy 
is modulated during propagation t<J form clutter
related noise either before or after being scattered 
back from the land or sea surface. If such were the 
case, there would be little difference between the 
clutter-related noise returned from the land areas 
and that from adjacent sea areas. 
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