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ABSTRACT 

The tec and and final phase of a terrain clutter study hat> been 
completed at Naval Research Laboratory utilizing the Pour-Frequency 
Radar Sjrden i n s t a l l e d In a WV-2 (Super Constellation) aircraft, 
W o 128324. This system Is capable of transmitting and receiving 
four frequencies (P,X,L, and C) consecutively with a choice of hori-
zontal, vertical, and alternating polarizations. The returns are gated 
at a fixed range and analysed in a digital computer. Absolute clutter 
measurements have been taken ever several sites si angles of Inci-
dence from 5 degrees to 60 degrees. The parameter measured was 
the normalized radar cross section In terms of the median value of 
Its probability distribution. Data were obtained for this parameter 
as a function of Incident angle, transmitted and received polarization, 
and radar w a v e l e n g t h for a wide variety of terrain types such as 
desert, mountainous, urban, and water. A significant conclusion was 
that the wavelength d e p e n d e n c e of the terrain clutter varies from 
n 0 for urban terrain to n - 3/2 fcr marshes. 

PROBLEM STATUS 

This Is the final report on the final phase of the problem. Unless 
otherwise notified, this problem will be c o n s i d e r e d closed thirty 
days following the issuance of this report. 

AUTHORIZATION 

NRL Problem ROT-02 
AF MIFE AS-6-157 

Manuscript submitted May 27, 1968. 
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NRL TERRAIN CLUTTER STUDY 
PHASE n 

INTRODUCTION 

The Naval Research Laboratory has concluded a clutter measurement program for 
tht Research and Technology Division, Systems Engineering Group, Wright-Patterson 
AFB. Ohio. The purpose of th<s work, as stated in the MIPH AS-5-64, is "to contribute 
technical data to establish clutter models... that can be used for theoretical evaluation 
of various rejection techniques...." The program has been divided into two phases. The 
initial phase concentrated upon tbv acquisition of clutter data at four frequencies and for 
both linear polarizations. These were taken at shallow angles of incidence (less than 10*) 
over both Canadian and American terrain. A report (1) describing the measurements and 
results of the Phase I program has been written and contains information not only on the 
instrumentation but al*o on uie processing techniques used to derive the spectrum and 
radtr cross section (RCS) of the clutter. Consequently, these details will largely be 
omitted in this report. 

The emphasis of the second and finai phase of the effort has been placea >rin.arily 
upon the implementation erf a specific clutter model (2) which required, as an input, maps 
of terrain scattering which consist of contiguous, equisized resolution cells. The RCS of 
each cell is specified in terms o' its median value and cumulative probability distribution. 
In general, these are functions of the freqtw"" f, polarization, angle of incidence, and 
terrain type. The cross-section maps were constructed by digitally processing the range-
gated returns of the Four-Frequency Radar (4FR) System in the NRL Research Computa-
tion Center CDC 3870 computer. A description of this study program will be given later 
in this report. 

Since several independent samples of the RCS of the individual resolution cells are 
required to accurately compute the median RCS and distribution, the dwell time erf the 
radar beam was increased by illuminating the terrain in a side looking, searchlight mode. 
In this mode, the antennas are fixed at right angles to the flight path and at a chosen ele-
vation angte. The angles are held relatively constant by a stabilized antenna mount which 
is referenced to the vertical and magnetic north. The angle at incidence was varied by 
stepping the elevation angle as the aircraft made repeated runs at a fixed altitude, back 
and forth along a fixed flight path. The flight path was chosen to cross reasonably homo-
geneous terrain, Le., not containing visible terrain boundaries. 

Of the several flights made in 1&66- 15H57, three were used to provide the majority 
of the data for both the clutter model and this report. These flights are listed in Table 1 
together with the pertinent radar parameters and terrain descriptors. The data collected 
on these flights contain information at much greater scope than the definition of resolu-
tion cells; namely, the large-scale variation at the terrain clutter with the various rada.-
para-seters as well as with the terrain. Consequently, in addition to the details of imple-
menting the clutter model, studies relating to the functional dependence erf the RCS of 
various types of terrain on wavelength, polarization and angle of incidence will be pre-
sented in the body of the report. 

INSTR UMENT AT ION 

A brief resume erf the 4FR System will be given at this point to aid interpretation of 
the Phase C measurement program. The 4FR System is a research radar installed In an 
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T Ala 1 
Pllgbt BMnmary 

TarralB Ptaquaacy PolarUatlon Elavation Ancle. 
släm) 

pur Pulaawfcth 

Octobar 6. IfM 

AliMM Xband W.HH.VH.HV 5* -W 683 o.s 
dMtrt Cband W.HII.HV 5' - 50' 683 0.5 

X.L.P W.HH.VH.HV 8* -50* 683 0.5 

terrain c W,HH,HV S' * 50' 683 0.5 

October I, 1966 

Aiisooa r 

d»«ert L.P W.HH,VH.HV 8* * 50* 683 0.S 
Pkonta X.L.P W,HH,VH.HV 5* • 75* 683 0.5 

MdSuburba C W.HH.HV 5* - 75' 
Aiiaoiui 

•rodMl dtaart )r W.HH.VH.HV 5* - 12* 683 0.5 
C W.HH.HV 5« - 12« 

ArlBona 
row^hllte X,L.P W.HH.VH.HV 8* only 683 0.5 

c W.HH,HV 8* only 
Aiiscma 

euluTfltod X,L,P W,HH,VH.HV 8* only 883 0.5 
farmland C W.HH.HV ,        8* only 683 0.5 

January 30. 1067 
1 

Nav Jaraey XfL W.HH.VH.HV1 8* - 60* 603 0.5 
raatdaottal C W.HH.HV 8* • 60' 
araaa 

Naw Jaraay X,L W.HH.VH.HV 8° • 80' 803 0.5 
rural C 

P 
W,HH.HV 
W.HH 

Na« Jaraay X.L W.HH.VH.H\' 8* -60* 603 0.5 
Marahland C 

P 
W,HH.HV 
W.HH 

Dalavara Bay X W.HH.VH 8* - 60' 603 0.5 
10-IS knot wind c W.HH 8° - 60' 
Whttacapa L W.HH 9* - 80* 

L VH 9' * 12* 
P W 8° - 80* 

i P HH 12' - 80° L_ 
BC-121 (Super ConatelUtlon) aircraft operated by a Navy ere*.  1>e inatrumentatia-^ la 
operated and maintained aa an NRL facility.  The primary function of the 4 FR Syatem is 
to measure iarfet characterlatics at (our different frequencies aa well aa for both linear 
polarlaadoaa.   The ayatem ia capable of tranamtttinf a pulse aequence of the 'crm PH, X,,, 
LB. CB. P¥ , X v, L v, and Cv, where the band letters P, X, L, and C refer to the frequen- 
clea, 418 MBx. 8910 MHz. 1228 MHz, and 4455 MHz respectively, and the letters H and V 
refer to horizontally or vertically polarized tranamiaalona.  The pulse train nas a variable 
repetition rate (100 to 2900 ppa), and the wldUi of the individual pulses is alec variable 
(0.1 tn 2 »aac).   The antenna system, developed under Project Suapender. ia mounteti in 
the bottom radoroe of the BC-121 and is uaed for both tranamlaalon and reception    B 
conslata of four dual polarized antennas.   Two ot these, which transmit X- and C-band 
energy, are mounted aide by aide and have colllnear beams and equal beamwtdths so that 
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they illuminate the same area. The L- and P-band antennas are mounted 180 degrees In 
azimuth away from the X- and C- >and antennas and are likewise collinear The beam-
widths of these antennas are different so that the area Illuminated by P-band energy 
Includes the area Illuminated by the L band. The antenna pairs, while locked In azimuth, 
are separately trained in elevation from 0* to 90*. The entire array may be scanned 
through 315* or any portion th reof. 

Upon reception, the scattered return Is separated Into Its orthogonal polarization 
components and amplified In parallel systems. The receivers in the 4FF System are 
time multiplexed In synchronism with the transmitted pulse burst to provide a more 
exact comparison between returns and also to simplify calibration. The components of 
the received signals are distinguished in this report by the addition of a second subscript 
to the transmitted form, l.e. X refers to the horizontal return from a vertically polarized 
X-band transmission. All received signals are presented to an operator on an A-scope 
for gating. Regardless of the pvlsewidth transmitted, a 30-nanosecond pulse Is used to 
gate the return. After being gated, the phase and amplitude of the sample are digitized 
to seven-bit precision and recorded in the aircraft on magnetic tape for later processing. 
In all, 32 parameters the four amplitudes and all phases of the scattered components of 
four frequencies are recorded In each pass over the terrain at a rate corresponding to 
32 times the repetition rate of the pulse burst. 

CLUTTER CROSS SECTION 

The radar cross section of a target, is defined in the conventional way. 

A'G'F, 
(1) 

For an extended target, such as a patch of terrain, the normalized cross section, o0 , 
is defined by 

-o 7 • (2) 

# v t C 
A YCOTT toT 8 n , a i l depression angles, and 

for large depression angles, 
t i n M 

wh*re A Is area Illuminated by the radar, u, and are the elevation and azlmuthal 
be am widths of the antenna, 4 is the angle of Incidence, c le the speed of light, and - Is 
the pulse length. 

Equation (2) assumes a uniform distribution of scatterers within the Illuminated 
area. While this assumption is reasonably valid in the analysis of sea clutter, It is 
extremely difficult to find terrain that is sufficiently homogeneous to satiafy this defini-
tion. In particular, urban areas present strong divergences from homogeneous terrain 
due to the presence of large flat surfaces, which may be oriented perpendicular to the 
incident field. In spite of the difficulties, the normalized cross section will be used here 
because It does have the property of being normalised with respect to the area illuminated 
by the measurement radar. 

The time sequence of the clutter amplitude at a fixed range is in general a nonsta-
tionary, nonhemogeneous, random process; consequently, the presentation of results 
offers special problems. In this measurement program, the data were processed to 
yield three different presentations. The first one was the maps referred to previously, 
which will be discussed In detail later. The second is a form introduced in the Phase I 
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report, the c o H — plot of the 10%, 50* (median), sod 90% level of successive cumulative 
pntabilMy distributions. These are the decibel value* exceeded by 10%, 50%, and 90% of 
the signals la the sample. A fixed sample else, say 1000 puleea, la chosen, and the time 
history of the percentiles la recorded. The third form of presentation Is the cumulative 
probability distribution oi the entire ran SKI IS of value In determining large-scale RCS's 
and false-alarm raise at the given terrain. UM ordinate of the distribution Is the per-
centage at the sample else, while the abscissa la normalised cross section. 

V.i 
J»U* STMT STQ» 

« I I 
M 

>n> 
iTl 
ITJ 

HI* III* 

one o n 
SCALE - « • 

u o " < t . n i l 

Fig. 1 - Phoeni*. Ari*o«a are* 

TERRAIN DESCRIPTION 

In the Phaae D Measurement Program, an attempt waa made to provide terrain de-
scriptions of the measured areas that are more exact than those of the Phaae I program. 
One basic motivation waa to attempt to correlate the gross features of the clutter maps 
with prominent terrain features. The specification of a given terrain lr. more quantita-
tive terms la a formidable problem In iteeil and la beyond the desired scope of this report. 
Twc means of identification were used The first was an aircraft flight-path determina-
tion based upon VOR and the second, visual observations from the cockpit. From these, 
the mapa shown in Figs. 1 and 2 were constructed. At several points on the map the ter-
rain is described with various ldtels. These identify the terrain types which were choeon 
as homogeneous. For instance. Figs. 3 through 8 are photographs of terrains designated 
aa desert, mountainous terrain, urban (Phoenix), eroded desert, rough hills, and cultivated 
farmland, h addition, data will be presented for which photographs are net available; 
rimely, residential (Wildwood N.J.), rural (New Jersey), marsh (New Jersey), and Dela-
ware Bay. The latter is included in the measurement of the land-sea interface shown in 
Fig. 9. Figure 10 is the distribution of 26,000 samples taken for Run 18-Xn- These are 
excellent illustrations at the pn^ceased data referred to in the previous sactlon. 
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Fig . I - Cape May, New Jersey area 

Fig 3 Arizona desert terrain 
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Fig. b - Eroded desert terrain 

Fig 7 - Hills south of Phoenix 
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Fig- 8 - Cultivated farmland south of Phoenix 

TIME ISCCONOSI 

Fig. 9 - Sample c r o s s sect ion vs t ime plot, X^,, <9=8 
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-K - C • « 

«B 58 

Fig. 10 - Cumulative probability 
distribution plot. X m , 0 = 8 ° 

CLUTTER MAPS 

The processing of data into resolution cells involves a knowledge of the flight param-
eters, such as speed and altitude, as well as the beamwidth. With these, the number of 
samples available to specify the statistical variation of a resolution cell is 

ff ,0 M coa ut 
- . (3) 2v 

where f, is the pilse repetition rate of the radar. To eliminate doppler fluctuations in 
the data, a smoothing window of length 

T Tv <«> 

was used, where L is the length of the aperture in the azimuthal direction. This involved 
averaging every * Tfr pulses together so that the number of independent samples 
becomes 

I " CO S Ik 

* — r (5) 
The resulting * pulses were distributed to determine the percentile values. This 

operatior. was repeated for each contiguous group of * pulses to yield the clutter map. 
Appendix A consists of the map determined for Run 110, desert terrain, as well as the 
data required to calibrate the percentile values. B should be noted in the appendix that 
the zeroth percentile refers to the highest value of cross section observed in the sample. 

Clutter maps (3) for the runs shown In Fig. 1, as well as data from Goose Bay, 
Labrador not shown in this report, were transmitted to analysts at the Illinois Institute 
of Technology Research Institute. Chicago. Illinois, to provide an input to their clutter 
modeL Results of their analyses have been published (4) as well as their preliminary 
conclusions. The remainder of this report will deal with large-scale variations which 
are a continuation of the studies pursued in Phase L 
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TSIUIAIN CLUTTER DATA 

of tht moflt iiMful data to the system deslgnsr Is the variation of the median, 
BoraudlMd, cross section wttfa incidence angle for a specified terrain.  The data acquired 
la tke Phase U profram have been processad to yield this variation for each of the ter- 
rakM assaaursd. The basic data run, Le., one similar to Pig. 9, «as acquired in the slde- 
kMblag mode previously described.   The X- and C-band antenna systems were oriented 
at M*, while the L- and P-band antennas were at 270'. with respect to the flight path. 
The stgnals returned from the portions of the flight path over the specified terrain were 
averafed to determine tue value of normallaed cross section that corresponds to the 
preset angle of Incidence.  The rural area In Pig. 9 was averaged to yield -20 decibels 
(dB) of normalised cross section. 

TO determine the variation with angle of Incidence, tne elevation angle« of the beams 
were changed and the flight path reflown.  The data presented In Fig. 11 show the resulting 
variation of normalised cross section with angle of Incidence for each of the measured 
terrain types.   Bach of these figures Is labeled with the frequency and ^ai;«mlt/receive 
polarisation subscripts which char rterlze the echo.   Figure 12 la similar, with the dif- 
ference that these represent cross-polarized data obtained over the various terrains. 
Becauae of the stringent requirements for isolation between antennas, correct illumina- 
tion, and minimum crosstalk In the sampling system, cross-polarization data la often 
erroneous; consequently, there are missing components In theso figures.   The sample 
sizes Involved In these averages are extremely large, consisting in general of 10,000 
to 10,000 data points which represent approximately IS to 30 seconds of flying time or 
1 to 2 miles of ground track.   The urban data is an exception that will require further 
diacuaalon. 

Past experiments (5) have Indicated that the normalized cross secticn is a slowly 
Increasing function of the angle of incidence, which may be approximated by the sine 
function.   This is borne out by the variation of the croes section of the rural, desert, 
and mountainous terrain in the figures.   The exception to this trend i.« found in the urban 
data.   This result is tot unexpected in view of the nonbomogeneous nature of the terrain. 
The peaks shown at 6' angle of incidence may be explained by the specular reflection 
from buildings that occurs at this angle,   in view of the great pulse-to-pulse fluctuations 
present in the urban data, a further analysis in terms of sample size is given in Fig. 13. 
In these, the maximum median value of cross section is plotted versus angle of incidence 
for two different sample sizes.   Short sample-size (1000 data points) maxima are plotted 
as daahed lines in these figures.   Figure 13 illustrates this analysis; the dashed curves 
.-je from samples located primarily in the center of Phoenix (see Fig. 5).   The short 
sample represents 1.5 seconds of flight or approximately 450 ft along the ground track. 
The solle* curves consist of large sample sizes (26,000 to 37,000 data points) so that 
these curves represent the variation of cross section with angle over large areas since 
they represent averages of data acquired in 38 to 54 seconds of flight time or ever 2 to 
3 miles along the ground track.   Theretore, the larger samples include a smaller density 
of point targets than do the smaller ones. 

The magnitude of the fluctuation in the urban data may be determined from the fig- 
ures by comparing the respective values for a given plot   The difference between these 
can be seen to be as great as 15 dB, so that the nonhomogeneity of the terrain introduces 
a major consideration into the use of the cross section.   The cross-section curves used 
in Figs. 11 and 12 for both the Phoenix and New Jersey urban areas use the shorter 
sample sizes, i.e.. medians of 1000 data points. 
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Fig. 13 - Variation of normal ized c r o s s section v.irh incident angle , 
city of Phoenix 
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Fig . ' 3 (Cont inued! . Var i a t ion of n o r m a l i z e d c r o s s sec t ion with 
i n t : o e n t ang le , c i ty of Phoenix 



NRL R E P O R T 6749 

St -© 
s 
a 
t/> • O 

- 2 0 f -

o w yc 

< 

§-«o-

SS»>000 I 

26.000? SS « 3^.000 

0 X V M 

6C ' v cr 
ANGU or IMOOENCE Si 

30* 60* 90* 

-«h 
1 
a -20'-
% 

! - » • 

i 
i 

SS' >000 • 26.000< SSi 37000 

- 4 0 -

-60- _ _ A * * *. . 

5* <0* 
AH&LI Of '».C©€N:C fS) 

30* 60* 90* 

Fife 13 (Cont inued, - Var i a t ion of n o r m a l i z e d c r o s s sec t ion with 
inc ident angle , c i ty of Phoenix 



10 DALEY, DAVIS, DUNCAN, AND LAING 

j f - © 

i 
- » -

2 -30 
w 

i 
S-«o 

-so 

/ " - i -/ / ^ 
SS-KXX) IS 

» , 0 0 0 < ss< &000 

I ' 1 i 1 J L 

• L V H 
k ' H y / 

. 1 1 t -

5* C 
• N G U V iNOOCWCt ( 9 ) 

so* 60* 90* 

? 

U S - » 
S S u 
Q SO 

1 2 

SS'lOOO 

25,000 < SS « &JOOO 

-40 

- 5 0 o « \ 

-60^ s* <r 
AMGLE C* *OOCNCE :0 t 

so* 60* 90* 

F ig 13 (Cont inued ' - Var ia t ion of n o r m a l i z e d c r o s s sec t ion with 
nc. K-nt ang le , ci ty of Phoenix 



NRL REPORT 6749 21 

POLARIZATION DEPENDENCE 

The polarization dependence of cross section has been observed most strongly at 
shallow angles of incidence in relatively culm seas. Under these conditions, the ratio of 
the vertically polarized component to the horizontal, i.e., «F0(W)/'«0 (HH) (the difference in 
dB) has been measured and found to be in the range of 10 to 1000. Equally strong ratios 
have been found in the cross section of certain man-made targets. Figure 14 gives plots 
of thif ratio for the various frequencies and terrain types As expected, Delaware Bay 
gives a large positive ratio, while other terrains tend to scatter about unity or slightly 
less. The mountainous and rural terrain have a small polarization ratio which is inde-
pendent of wavelength. This is not so of the other terrains. For the bay and the marsh, 
the ratio decreases with increasing wavelength (Fig. 15). On the other hand, in the returns 
from the desert and the city of Phoenix, the direct polarization ratio increases with 
decreasing wavelength, although the variation fs slight for the desert data. At, occurred 
in the previous data, the urban return has the lowest polarization ratio and the highest 
horizontal direct return. 

The cross-polarization characteristics of the scattering phenomenon may be examined 
by determining the cross-polarization ratio, <»„ (W)/»0 (HV). Values of tnis ratio are 
tabulated in Table 2 for the various terrain types investigated. The cross-polarization 
ratio for mountainous, desert, and rural returns shows no dependence on angle of inci-
dence. while the marsh and residential areas of New Jersey have a decreasing polariza-
tion ratio with increasing angle. Table 3 gives a further analysis of this data. The non-
homogeneous terrains (urban Phoenix and New Jersey residential) have the largest 
cross-polarization ratios. Referring to previous figures show that while the vertically 
polarized direct return is Urge for these returns, the cross-polarized components are 
comparable to those of the more homogeneous terrains. This would seem indicative of 
specular reflection from flat surfaces, say, roofs and the sides of buildings. In addition, 
Fig. 13 shows that the cross-polarized components from the Phoenix terrain have less 
fluctuation than the corresponding directly polarized components. 

WAVELENGTH DEPENDENCE OF TERRAIN CLUTTER 

The data gathered to date indicate that the normalized cross section is, in general, 
a function of wavelength. This relation can be symbolized as 

"o ' A " • (®) 

The graphs of this variation for the various terrains are given in Fig. 16 for the direct 
and cross polarized returns beginning with an elevation angle of 8*. For the urban 
Phoenix and residential New Jersey data, the value of n is approximately zero. That is 
reasonable since the large fluctuations present in the data would tend to obliterate any 
slow variations such as n 1 which have been observed for more homogeneous terrains. 
The rural and mountainous terrain show n 0 from X-band to L-band; however, P-band 
is considerably lower in the mountainous terrain. The rough hills, desert, and cultivated 
farmland repeat a result >btained in the previous measurement program; namely, a 
wavelength dependence wiih n 1. Marsh data on the other hand show a stronger dependence, 
n 3/2. Tne above trends describe both direct and cross polarization. A repetition of the 
data with the incidence angle changed to 30° (Fig. 16) indicates little change in the wave-
length dependence for the various terrains. Consequently, the data presented Indicate 
that the wavelength dependence of terrain clutter is independent of polarization of the 
incident signal and also of the angle of incidence (Fig. 17). 
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Table 2 
Croaa-Polarization Ratios 

o0(W)/o0 (HV) 

X C L p 
* W W W HV W HV W HV 

D w w t 

5* • 7 - i n * 8 . . 
•* . - • 4 - 1 ' I • 4 - 1 / 1 

I I * • e • 7 • 5 - 1 / 1 • 8 
JO* * 6 * 7 - 1 / I - -
50* • 7 - 1 / 1 • 9 • 7 - 1 / 1 -
w) 
75* - - - -

M t f f l k 

5* . - . . 
•* * 9 - 1 / 1 - 7 • 1 1 - 1 / 1 None 

11* • 7 - 1 / 1 • 7 • 9 Hone 
15* • e - n • S - None 
SO* • e - i / i • 5 • 10 Nooe 
50* • 5 • 4 • 7 - 1 / 1 None 
ao* • 4 - 1 / 1 • 4 • 7 - 1 / 3 Nooe 
75* - - - -

P h o e n i x SS 1 5 , 0 0 0 

5* . . • 9 • 1 - 1 / 1 
1* • 1 0 - 1 1 • 9 - 1 / 1 • 1 1 - 1 ' i * 1 0 - 1 / 1 

I I * *11 * 1 5 - 1 / 1 • 1 0 • 1 0 - 1 1 
15* - - - -
SO* • 6 * 9 • 8 - 1 / 1 • 5 
SO* • e - i / i • 9 - 1 / 1 - -
ao* - - - . 
75* j - 9 . 1 3 * -

New J e r s e y R e s i d e n t i a l 

«* * 1 1 - 1 / 1 • 7 • 1 1 - 1 / I *.» n o n e 
11* * i i • 8 - 1 / 1 • 9 None 
15* • 9 * 9 • 8 None 
so* * 1 0 - 1 / 1 • 5 • 7 - 1 / 1 Nooe 
50* - - • 7 - 1 / 1 None 
90° • 8 - 1 / 1 • 7 - 1 / 1 j - 8 - 1 / 1 None 

Mountains 

5* . - - . 
8* • 6 • 5 - 1 / 1 - 1 • 5 

11* • 6 - 1 / 1 • • • 5 • 8 
SO' • 6 * 6 - 8 • > 

50* • 6 * 8 • 5 - 1 ' I • 9 - 1 / 1 
90' - - - -
75* - - - -

Phoenix. SS « 1000 

5* • 1 1 - 1 / 1 - 1 8 • 9 - 1 / 1 • 8 
>' • 1 1 - 1 / 1 • 8 - 1 ' 1 • 7 - 1 / 1 • 1 5 - 1 / 1 

I I * • i s - i / 1 *11 • 1 0 - 1 / 1 • I S 
15* . - - -
30* • 7 • 1 0 • 8 - 1 / 1 • 8 - 1 / 1 
SO* - 6 • 1 1 - 1 / 1 - -
SO- - - - -
TS* * 'i • 1 1 - 1 / 1 - -

New J e r e e Rural 
5 - - - . 
8* • 7 • 4 • 5 - 1 / 1 None 

11* • 7 * 5 • 8 - 1 / 1 Nooe 
15* * 8 • 4 - 1 / 1 • 7 *•» none 
SO* * 4 • 3 • 8 Nooe 
50* - 4 - 1 / 1 • 4 • 8 Nooe 
ao* • 5 • S - l / I • e - i / i None 
75* - - - -
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Table 3 
Cross-Polarization Ratios 

Terrain X 
W / H V 

C 
W / H V 

L 
W / H V 

P 
W / H V 

» = 12 • 

Marsh • 7 -1 /2 + 7 + 9 -
Desert • 6 + 7 + 5-1 /2 + 6 
Mountains + 6-1 /2 + 8 + 5 + 6 
New Jersey rural • 7 + 5 + 6 -1 /2 -
Phoenix; SS 25.000 +13 +15-1/2 + 10 +10-1/2 
New Jersey residential +11 + 8 -1 /2 + 9 -
Phoenix; SS = 1000 +13-1/2 +12 +10-1/2 + 13 

s = 30 • 

Marsh + 6 -1 /2 + 5 + 10 . 
Desert + 6 + 7 -1 /2 - -
Mountains + 6 + 6 + 6 + 9 
New Jersey rural + 4 + 3 + 6 " 
Phoenix; SS * 25.000 + 6 + 9 + 6 -1 /2 + 5 
New Jersey residential +10-1/2 + 5 + 7 - 1 / 2 -
Phoenix; SS = 1000 + 7 + 10 + 8 -1 /2 + 6-1 /2 
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SYSTEMS LIMITATIONS 

There are two basic sources of error In the absolute system calibrations as out-
lined (1): (a) receiver stability and (b) tracking error in the sphere measurement. The 
receiver stability is monitored, on a daily basis, by recordii.^ a known reference level 
at various time intervals. The variation of this reference leve' during the data recording 
and system calibration periods is given in Table 4 for each frequency and polarization. 

Table 4 
Receiver Stability on a Daily Basis 

Frequency Stability (dB) Sphere Tracking Error 
and 

Polarization 10/6/66 10/7/66 1/30/66 10/6/66 10/7/66 l /30'67 

xv *1 ±1/4 ±1/2 ±1 ±1-1/2 ±1 

X H 
*1/2 ±1/4 ±1/2 ±1 ±1 ±1-1/4 

C v ±1 ±1/2 ±1-1/2 ±1 ±1-1/2 ±1 
c 

H 
±1/2 ±1/2 ±1/4 ±1-1/2 ±1-1/4 

L v ±1/2 ±1/2 ±1/4 ±1 ±1 

LH ±1/2 ±1 0 ±1 ±1 ±1 
Pv ±1 ±1/2 ±1/2 ±1-1/2 ±2-1/2 ±1-1/4 
PH ±1/2 ±1/2 ±1/2 *2 i ±3-1/2 ±1-1/4 

Also included in Table 4 are estimates of the accuracy of the sphere measurement. 
The error in tne sphere measurement is chiefly caused by the variation of the position 
of the sphere within the antenna beam. This error is minimized by measuring several 
spheres for each calibration and using the strongest return at a given range. Previous 
data have shown that this procedure can reduce the tracking error to 2 dB or less. This 
estimate of the minimum tracking error is expressed as ±1 dB in Table 4. It is seen 
that greater limits are occasionally listed This is true of cases where tracking the 
sphere was more difficult than usual and fewer runs were obtained. 

Consequently, any given value of cross section is. within limits, specified by both 
factors of Table 4. However, a polarization ratio would contain only the stability error, 
since the tracking error is common. Wavelength ratios of X to C or L to P would like-
wise have, principally, stability errors, since the sphere is simultaneously illuminated 
by these frequencies. 

In addition to the above factors, the measurement of cross-polarization cross sec-
tions involve such sources of error as antenna isolation and receiver crosstalk. The 
total svstem isolation for each frequency was estimated for each day, and contaminated 
cross-polarization components were eliminated. The cross-polarized data reported above 
are deemed free of crosstalk errors and subject only to the factors of receiver stability 
and sphere tracking discussed previously. 

CONCLUSIONS 

The second phase of the NRL clutter study has concentrated on the collection of 
terrain clutter data, first, for the implementation of a specific clutter model and second, 
to determine further information concerning the behavior of the normalized cross section 
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In the large scale. Measurements have been made over terrains which were selected to 
be homogeneous; namely, rural (New Jersey), marsh (New Jersey), Delaware Bay, desert, 
mountainous terrain, eroded desert, rough hills, and cultivated farmland. Data were also 
collected over noohomogeneous terrain such as Phoenix and the Wlldwood, New Jersey 
area. The data have been processed to yield both the statistics of small resolution cells 
measured parallel to the flight path and the statistics of large samples of terrain clutter. 

This report has primarily concentrated on the large-scale variations in the normalized 
cross section of terrain. Table 5 summarizes the scattering characteristics of seven of 
the major terrain types in decreasing order of cross section for direct horizontal received 
polarization, bi general, these may be summarized as follows: 

(a) the normalized RCS is a slowly increasing function of the angle of incidence for 
most terrains with the exception of residential areas, 

(b) the direct polarization ratio is largest for the Delaware Bay and marsh areas 
for L-band and P-band data and smallest over Phoenix urban terrain, 

(c) the cross-polarization ratio is a maximum for urban and residential terrains, 

(d) the wavelength dependence of the terrain clutter varies from n - 0 for urban 
terrain to n - 3/2 for marsh, 

(e) the wavelength dependence is not a function of polarization or angle of incidence. 

Table 5 
Terrain Clutter, Summary 

T (dbh . = 8 ' 

Terrain 
type X s . 

(max) 
c.a 

'max) 
L „ 

(max) 

Phoenix - 1 • 4 - 1 2 

New Jersey 
Residential -12 -13 - 3-1 a 

New Jersey 
Rural -19 -1 /2 -20-1 /2 -20 

Mountains -23-1 /2 -22-1 J -34-i a 
Desert -21 22 -30 

p a a 
n a i l . 

vs Aiy.le 

• 2 -1 X Peaks i t 8 ' 

- 14 -1 /1 

• « ( W ) / . 0 ( H H ) f 0 < W ) «.(HV) 

-24-1 2 -29-1 2 -34-1 2 

-25-1 2 

-33 

-35-1 Z, 
-46 

Peaks at 
8 to 15* 

Delaware Bay 39 1 2 -42 -50-1 2 -53 

Slowly 
increasing 
«0 -
Strongly 
increasing 

H V 

H V 

V K 

HV —.15 

- 8 - . 1 0 

!> »5 —-9 

None No conclusion 
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Appendix A 

SAMPLE CLUTTER MAP 

A clutter map for two frequencies, desert terrain, and Incident angle of 12* consists 
of Tables A1 through AS. The tabular values are the selected percentile values of the 
cumulative probability distribution calculated on an arbitrary dB scale. These values 
nay be converted to the absolute «0 scale by the addition of an appropriate constant. This 
constant is determined by the sphere measurement as described previously and is given 
for each signal component In Table A9. 

It should be noted that median values of «0 obtained from the clutter maps will be 
slightly higher than those obtained by NRL from the 1000-pulse sample medians. This 
is due to averaging N pulses before the distribution step in processing the clutter map. 

Table A1 

?«TL" 10 / ">6 /6 * J.U 1 113 ~->£•} Y T "•3L H "P3L V 
CU- l 'L f lT : v r ' 2 ;A I L I T V 1"UT ' 3 •13 

T. >C ENTILES IN 0 : 
• I t 3 K : "?69 
"*A3I TY 0 

0 10 20 30 43 53 63 70 a? 

1 - 3 0 . 7 - 3 1 . 1 - 3 1 . 3 - 3 1 . 3 - 3 1 . 4 - 3 1 . 5 - 3 1 . 5 - 3 1 . 6 - 3 1 . $ - 3 1 . ' 

2 - 3 0 . 7 - 3 1 . 1 - 3 1 . 3 - 3 1 .3 - 3 1 . 5 - 3 1 . 5 - 3 1 . 5 - 3 1 . 6 - 3 1 . 6 - 5 1 . ' 

3 - 2 3 . 2 - 2 9 . 2 - 3 1 . 3 - 3 1 . 3 - 3 1 . 5 - 3 1 . 6 - 3 1 . 9 - 3 3 . 0 - 3 7 . 6 - 5 7 . 2 
4 - 3 . 0 - 2 7 . 2 - 2 ' . 2 - 2 9 . 0 - 2 9 . 5 - 3 0 . 5 - 3 1 . 4 - 3 " . 3 - 3 3 . 4 - 3 5 . 0 

5 - 1 4 . ' - 2 7 . 9 - 2 ? . 7 - 2 9 . 4 - 3 0 . 2 - 3 0 . 9 - 3 1 . 9 - 3 3 . 0 - 3 4 . 0 - 3 5 . « 

6 - 4 . 7 - 2 7 . 5 -2<* .6 - 2 9 . 3 - 3 0 . 0 - 3 0 . 7 - 3 1 .5 -sr.e - 3 3 . 6 - 3 5 . 1 
7 - 1 9 . 1 - 2 ® . 4 - 2 9 . 4 - 3 0 . 3 - 3 1 . 0 - 3 1 . « - 3 ° . 7 - 3 3 . 7 - 3 4 . ' - 3 6 . 4 

9 - 7 . 1 - 2 « . 0 - 2 9 . 2 - 3 0 . 3 - 3 1 . 1 - 3 ? . 0 - 3 3 . 0 - 3 4 . 3 - 3 5 . 0 - 3 6 . 3 

9 - 7 . 6 - 2 " . 5 - 2 9 . 6 - 3 0 . 5 - 3 1 . 3 - I ? . 3 - 3 3 . 2 - 3 4 . 1 - 3 e . 0 - 3 6 . 5 

10 - 9 . ® - 2 7 . o - 2 9 . 0 - 2 9 . 7 - 3 0 . 5 - 3 1 . 4 - 3 ' . 3 - 3 3 . 3 - 3 4 . 2 - 3 6 . 0 

11 - 2 . 6 - 2 7 . 2 -2® .3 - 2 9 . 1 - 2 9 . 9 - 3 1 . 0 - 3 1 . 9 . i " e «/ • - 3 3 . 9 - 3 5 . 5 

12 - 2 4 . 2 - 2 7 . 4 - 2 3 . 3 - 2 9 . 3 - 3 0 . 0 - 3 1 . 0 - 3 1 . 7 - 3 2 . 7 - 3 3 . 9 - 3 5 . 6 

13 - 5 . 5 - 2 9 . 0 - 2 9 . 2 - 2 9 . 9 - 3 1 . 0 - 3 1 . 7 - 3 2 . 5 - 3 3 . ' - 3 5 . 1 - 3 6 . 9 

1 4 - ' . 1 - 2 9 . 0 - 2 9 . 2 - 3 0 . 0 - 3 3 . 9 - 3 1 . 7 - 3 " . 5 - 3 3 . 4 - 3 4 . 6 - 3 6 . 0 

15 - 5 . 7 - 2 B . 1 - 2 9 . 1 - 2 9 . « - 3 0 . 7 - 3 1 . 5 - 3 2 . 4 - 3 3 . 5 - 3 4 . 5 - 3 6 . 2 

1 € - 2 . 5 - 2 7 . 6 - 2 ° . 5 - 2 9 . 3 - 3 0 . 1 - 3 0 . 9 - 3 1 . 7 - 3 " . 6 - 3 3 . 9 - 3 5 . 4 

17 - 2 4 . 0 - 2 7 . 5 - 2 1 . 6 - 2 9 . 2 - 2 9 . 9 - 3 0 . 7 - 3 1 . 5 - 3 " . 6 - 3 3 . 9 - 3 5 . 3 

19 - 4 . 2 - 2 9 . 5 - 2 9 . 5 - 3 3 . 3 - 3 1 . 2 - 3 1 . 9 - 3 2 . 9 -11.a - 3 5 . 0 - 3 6 . 4 
19 - 2 5 . 9 - 2 9 . 4 - 3 0 . 4 - 3 1 . 4 - 3 2 . 3 - 3 3 . 1 - 3 4 . 0 - 3 4 . 7 - 3 5 . 6 - 3 7 . 0 

20 - 2 5 . 4 - 2 9 . 7 - 3 1 . 0 - 3 1 . 9 - 3 3 . 0 - * 3 . 7 - 3 4 . 5 - 3 5 . 5 - 3 6 . 5 - 3 7 . 7 

36 
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Table A2 

DATE 1 0 / 3 6 / 6 6 110 FRE2 X TP3L H 1P3L H 
CUMULATIVE °-i3.AJILITY OIST'-i I-UTI 3NS 

PERCENTILES IS 02 
J: 3 K: 969 

PARITY E333'S 0 

0 10 20 30 40 50 60 70 °0 90 

1 - 1 ° . 4 -28.8 -28.9 -28.9 -29.0 -29.1 -29.2 -29.3 -29.3 -29.4 

2 -17.7 -28.6 -28.8 -28.9 -:9.o -29.1 -29.2 -29.3 -29.3 -29.4 

3 -14.7 -19.4 -21 .5 -«:3.9 -28.6 -28.9 -29.1 -29.3 -29.7 -55.0 

4 -12. 8 -17.5 -18.4 -19.4 -20.2 -20.8 -2 1.5 -22.2 -23.2 -24.6 
5 -13.6 -17.6 -18.6 -19.5 -20.3 -21.1 -21.9 -22.7 -23.7 -25.0 

6 -13.7 -17.9 -19.1 -19.9 -20.8 -21 .€ -22.4 -23.2 -24.3 -Z* .» 
7 -14.0 -13.6 -19.8 -20.5 -21 .2 -22.1 -22.9 -23.6 -24.7 -26.3 

8 -15.2 -18.7 -19.8 -20.6 -21.4 -22.1 -22.9 -23.8 -24.9 -26.7 

9 -13.4 -18.3 -19.3 -20.3 -21.1 -21.8 -22.6 -23.4 -24.5 -26.2 
10 -13.4 -17.9 -19.1 -20.0 -20.8 -21 .4 -22.1 -23.0 -24.1 -25.5 

I 1 -10.9 -17.9 -19.0 -19.9 -20.6 -21 .3 -22.1 -22.9 -23.9 -25.9 

12 -13.9 -17.7 -18.9 -19.6 -20.4 -21.1 -21.9 -22.7 -23.6 -25.0 

13 -11.6 -18.2 -19.3 -20.0 -20.7 -21.6 -22.4 -23.2 -24.3 -25.9 
14 -12.2 -18.1 -19.2 -20.0 -20.7 -21.5 -22.3 -23.2 -24.2 -25.7 
15 -9.4 -18.3 -19.3 -20.2 -21 .0 -21.8 -22.6 -23.4 -24.4 -25.9 

16 -12.1 -18.2 -19.3 -20.0 -20.8 -21.5 -22.3 -23.2 -24.1 -25.° 

17 -13.0 -17.7 -19.0 -19.8 -20.4 -21.1 -21.9 -22.7 -23.6 -25.0 
19 -14.9 -18.8 -1 9.9 -20.6 -21 .3 -22.1 -22.9 -23.9 -24.9 -26.7 
19 -16.3 -19.4 -20.4 -21 .2 -21 .9 -22.5 -23.2 -23.9 -24.8 -26.4 
20 -7.6 -19.3 -20.7 -21 .6 -22.3 -23.0 -23.7 -24.C -25.7 -27.3 

Table A3 

2ft TK 1 0 / 0 6 / 6 6 RU'l 110 v T^^L V *P*L V 
CUMULATIVE 'R^IAJILITY 01 ST * I :UT!?HZ 

•»E-<CENTILEJ IN x 
J: 3 X: 969 

"ARITY ER-^.S 0 

0 10 20 30 40 50 60 7C 92 

1 -31 .3 -31.6 -31.8 -31.8 -31.8 -31.° -3° .2 -32.0 -32.1 -32.1 

2 -30.4 -31 .6 -31.6 -31.8 -31.8 -31.8 _»o o 
w . J -32 .0 -3.. 1 -32.1 

3 — 6.6 -23.1 -24.7 -27.1 -31.6 -31.8 -31.8 -32.0 -32.6 — 56.9 

4 -5.5 -20.9 -22.0 -23.0 -23.6 -24.5 -25.3 -26.0 -26.9 -Z".\ 
5 -16.7 -21.7 -22.° -23.6 -24.3 -25.0 -25. C -26.5 -27.« 

6 -16.2 -21.5 -22.7 -23.6 -24.2 -25.1 -25.8 -26.6 -27.4 

7 -16.7 -22.7 -23.« -24.6 -25.4 -25.9 -26.7 -27.5 -2-.' -29.5 
a -2.3 -22.9 -23.9 -24.« -25.5 -26.3 --C.9 -27.6 f 7 . i -30.1 

5 -4.3 -23.4 -24.5 -25.3 -26. 1 -2C.7 -*17.2 -27.9 -32.1 

10 -10.4 -22.7 -24.1 -24.9 -25.6 -26.3 -27.0 -:7.6 -"".6 -29.' 

11 -17.6 -22.6 -23.6 -24.4 -25.2 -25.9 -26.6 -17.4 -2,.3 -29.7 

12 -17.6 -22.0 -23.2 -24.1 -24." -25.5 .2 -26.9 -27.3 -29.0 

13 -4.7 -23.0 -24.4 -25.3 -25.9 -26.7 -27.2 -2*. 1 -29.1 -SC.'1 

14 -4.7 -23.1 -24.2 -24.9 -25. 6 -26.2 -2'..9 -?7.6 «— S c . -29.7 

15 -6.0 -22.4 -23.6 -24.5 -25.3 -25.9 -26.5 ."1 o - 1 « -"*1 •> - . -29./ 

16 -1.0 -21 .9 -23.0 -23.9 -24.5 -25.3 -25.9 -26.6 -27.2 -2". * 

17 -18.2 -22.0 -22.9 -23.8 -24.5 -25.4 -26.0 -26.7 -27.5 • n Q — • 

1? -3.3 -23.C -24.1 -24.8 -25.5 -26 .2 -26.9 -27.S -29.9 

19 -18.8 -23.5 -24.9 -25.6 -26.3 -26.9 -27.4 -28.2 -29.1 -30.5 

20 -4.6 -24.2 -25.2 -25.9 -26.6 -27.1 -27.9 -1". 5 -29.S -3 1 .£ 
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Table A4 

DATE 1 0 / 0 6 / 6 6 SUN 110 F3E3 * TP3L V ??1L X 
CUMULATIVE P-I33A JILITY DIST^r-UTI 3 !3 

?F-iCEUTILES IN 0: 
1= 3 K: 969 
^A*ITY ERSriS r. 

0 10 20 30 40 50 CO 70 ®0 o0 
1 -19.1 -23.3 -28.4 -23.6 -23.6 -23.® -23.9 -2°.9 -29.0 -29.2 
2 -16. 3 -2?.3 -2*.4 -23.6 -23.6 -2"*.? -23.9 -oo.o -''9.0 -29.2 
3 -13.7 -25.2 -27.3 -2?.2 -1®.4 -2?.7 -22.9 -is.2 -33.1 -55.2 
4 -1 1 .5 -23.3 -24.4 -25.2 -2 6.0 -26.7 -27.5 -?®.3 -29.0 -30.3 
5 -l®.0 -23.6 -24.7 -25.6 -26.4 -27.0 -27.9 -2".7 -29.5 -30.9 
6 -17.1 -23.4 -24.5 -25.4 -26.1 -n6. 6 -27.J -2*. I -29.1 -30.4 
7 -20.4 -24.5 -25.6 -26.5 -27.2 -27.3 -2°. 4 -29.1 -32.1 -31 .9 
3 -12.1 -24.4 -25.5 -26.4 -27.1 -27.7 -2®.5 -29.3 -32.1 -31 .c 
9 -® . 9 -24.4 -25.5 -26.4 -27.0 -27.7 -2°.' -29.2 -32.0 -31 .4 
10 -14.4 -23.9 -25.1 -25.9 -26.6 -27.3 -27.9 7 • ' -29.7 -31 .0 
1 1 -7.5 -23.0 -24.4 -25.2 -25.0 -26.7 -27.3 — n o O » • -31.1 
12 -19.7 -23.2 -24.5 -25.3 -26.1 -26.7 -27.4 -?®! i -"•>.0 -32.3 
13 -14.2 -24.1 -25.2 -26.1 -2*. 9 -"7.4 -2®. 9 -3r..l -31 .5 
1 4 -13.3 -24.0 -25.3 -26.2 -26.9 -27.6 -:®!i -20.0 -29.0 -31.1 
15 -7.3 -24.1 -25;2 -26. 1 -26.7 -27.4 i -2®.® -"0.7 -31.1 
16 -19.1 -23.6 -24.5 -25.4 -26.1 -26.9 -:7.7 -1®.3 -"9.4 -30.7 
17 -19.9 -23.3 -24.4 -25.3 -26.0 -26.3 -27.5 — • . -"•>.0 -30.2 
1? -?.5 -24.4 -25.6 -26.4 -27.2 -27.0 -2®.6 -20.4 -32.2 -31.5 
19 -21.4 -25.6 -26.5 -27.3 -2«.0 -23.6 -29.3 -32.0 -30.7 -32.C 
20 -13.6 -25.9 -27.0 -27. -2®.5 -29.1 -i-. 7 -31.5 -31.5 -32 .o 

Table A5 

DATt 1O/DC/66 ^L"l 110 C T?3 l H iPOL V 
CU1ULATIVZ °<3.A:>ILITY OTST.I UTT,T»n 

?E-:CH'fT!LFS IJ 3" 
J: 6 K: 517 

°A-iITY F . f ^ C 1 

0 10 20 30 40 50 60 70 "0 O0 
1 -16.7 -36.3 -36.4 -36.4 -36.5 -3^.5 -3'.5 -3C.5 -36.6 -36.7 
2 -17.4 -36.3 -36.3 -3C.4 -36.4 -$r .4 -36.5 -36.5 -36.5 -36.6 
3 -7.3 -30.0 -31.® -33.3 -34.3 -3 - .3 -36.5 -3( .5 

: & 3 
-53.0 

4 -S.2 -29.2 -30.5 -31 .3 -32.2 -32.9 -33.5 -34.4 : & 3 -36.4 
5 -®.2 -29.2 -30.5 -31.3 -32.1 -3".® -33.6 -34.3 -35.1 -36.4 
6 -26.1 -29.1 -30.3 -31.1 -31.® -3". e -33.2 -3 4.1 -35.0 -36.2 
7 -6.5 -29 7 -31.1 -32.1 -32.3 -33.4 -34.2 -34.7 -35.7 -36.® 
a -5.0 -30.3 -31.5 -32.5 -33.2 -34.0 -34.6 -35.^ -35.0 -36.0 
5 -25.4 -29.7 -30.7 -31.7 -32.4 -33.1 -33.9 -34.5 -35.3 -36.2 
10 -5.C -29.4 -30.7 -31 .» -32.7 -33.4 -34.0 -34.7 -35.5 -36.4 
I 1 -10.9 -29.7 -31 .0 -32.0 -32.7 -33.5 -34.2 -3 4.® -35.7 -37.0 
12 -25.0 -30.5 -31.6 -32.6 -33.3 -34.0 -34.6 -35.1 -36.0 -37.1 
13 -6.0 -29.® -31.4 -32.4 -33.2 -34.0 -34.5 -35.' -36.1 -37.3 
1 4 -5.5 -30.3 -31.4 -32.4 -33.2 -33.9 -34.5 -35.3 -3C.0 -37.3 
1 5 -4.9 -29.-J -31.0 -31.7 -32.5 -33.2 -33.9 -3 4.9 -35.6 -36.9 
16 "* • -30.0 -31.1 -32.0 -32.3 -33.5 -34.3 -34.9 -35.5 -56.6 
i 7 -6.5 -30.9 -32.3 -33.2 -33.7 -34.4 -35.0 -35.7 -36.5 -37.7 
1® -26.4 -31.2 -32.3 -33.0 -33.7 -34.5 -35.2 -35.® -36.® -37.0 
19 -19.3 -31.2 -32.7 -33.5 -34.2 -3 4.0 -35.5 -3C. 1 -17.0 -3®. 1 
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Tab le A6 

0 
- 1 7 . 9 
- I ' . O 
- 1 6 . 1 

- 7 . 5 
- 7 . ? 

- 2 1 . 4 
- 1 3 . 1 

- 9 . 3 
- 2 2 . 2 

- 9 . 6 
- 2 3 . ? 
- 2 1 . 4 

13 - 1 0 . 5 
14 - 2 2 . 3 
15 - 1 3 . 6 
16 - 1 6 . 4 
17 - 2 2 . 7 
I? - 2 4 . 2 
19 - ® . l 

1 
2 
3 
4 
5 
6 
7 
* 
9 

10 
1 I 
12 

DfcTt 1 0 / 0 6 / 6 6 l i f t " C 3 C TP3L H 
c i n y t A T i v s : ' < 3 : A 3 I L I T Y D I S T - < I u n 

' E^CE ' lTHES IV 02 
•l: 6 K; 517 
"A^ITY E ^ S ^ S C 

10 
- 3 5 . 3 
- 3 5 . 4 
- 2 6 . 4 
- 2 5 . 2 
- 2 5 . 7 
- 2 6 . 1 
- 2 6 . 7 
- 2 6 . 4 
- 2 5 . 4 
- 2 6 . 0 
- 2 6 . 1 
- 2 6 . 3 
- 2 6 . 0 
- 2 6 . 1 
- 2 6 . 1 
- 2 5 . 4 
- 2 6 . 9 
- 2 7 . 4 
- 2 7 . « 

20 
- 3 5 . 3 
- 3 5 . 5 
- 2 7 . 6 
- 2 6 . 2 
— 4 , 6 . 6 
- 2 6 . 9 
- 2 7 . 3 
- 2 7 . 5 
- 2 6 . 6 
- 2 7 . 2 
- 2 7 . 3 
- 2 7 . 4 
- 2 7 . 3 
- 2 7 . 1 
- 2 7 . 2 
- 2 6 . 7 
- 2 ° . 0 
- 2 ® . 3 
- 2 ° . 9 

30 
- 3 5 . 4 
- 3 5 . 6 
- 2 3 . 5 
- 2 7 . 0 
- 2 7 . 2 
- 2 7 . 7 
- 2 " . 3 
- 2 " . 2 
- 2 7 . 4 
- 2 7 . 9 
- 2 7 . 9 
- 2 ° . 0 
- 2 7 . 9 
- 2 7 . ® 
- 2 7 . ® 
- 2 7 . 3 
- 2 * . 6 
- 2 ® . 9 
- 2 9 . 5 

40 
- 3 5 . 5 
- 3 5 . 6 
- 2 9 . ? 
- 2 7 . 6 
- 2 7 . 5 
-2® . 3 
- 2 9 . 0 
- 2 « . ® 
- 2 ° . I 
- 2 P . 6 
- 2 ° . 6 
- 2 ? . 6 
- 2 ? . 4 
- 2 ? . 4 
- 2 ® . 4 
- 2 7 . 9 
- 2 9 . 2 
- 2 9 . 5 
- 3 0 . 1 

50 
- 3 5 . 5 
- 3 5 . 7 
- 3 2 . 3 
-2® .2 
- 2 ® . 4 
- 2 ® . ® 
- 2 9 . 6 
- 2 9 . 5 
- 2 ° . ? 
-29.6 
- 2 9 . 1 
- 2 9 . 1 
- 2 9 . ? 
- 2 9 . 0 
- 2 9 . 1 
- 2 " . 6 
- 2 9 . 9 
- 3 0 . 1 
- 3 0 . 7 

60 
- 3 5 . ? 
- 3 5 . 7 
- 3 5 . 5 
- 2 ® . ? 
- 2 ® . 9 
- 2 9 . 5 
- 3 0 . 3 
- 3 0 . 1 
- ' 9 . 4 
- 2 0 . 7 
- 2 9 . ® 
- 2 9 . ® 
- 2 9 . ® 
- 2 9 . 7 
- 2 9 . ? 
- 2 9 . I 
- 3 0 . 5 
- 3 0 . 9 
- 3 1 . 3 

70 
- 3 5 . 6 
- 3 5 . ® 
- 3 5 . 7 
- 2 9 . ? 
- 2 9 . 6 
- 3 0 . I 
- 3 I . 0 
- 3 0 . ® 
- ? 9 . o 
- 3 0 . 5 
- 3 0 . 5 
- 3 0 . 3 
- 3 0 . 5 
- 3 0 . 4 
- 3 0 . 5 
- 2 9 . 9 
- 3 1 . 3 
- 3 1 . 4 
- 3 I . 9 

"•0 
• 3 5 . 7 
• 3 5 . 9 
• 3 5 . 9 
- 3 0 . I 
- 3 0 . 4 
- 3 C . 9 
-3 I . 7 
-31 .® 
-30 .® 
- 3 1 . 4 
-31 
-31 
- I I 
-31 
- 3 1 . 2 
- 3 0 . ® 
- 3 2 . 2 
- 3 2 . 3 
- 3 3 . 1 

90 
•35.® 
• 3 6 . 0 
- 5 4 . 0 
-31 . 2 
- 3 2 . 0 
- 3 2 . 1 
- 3 3 . 0 
- 3 3 . 2 
- 3 2 . 0 
- 3 2 . ® 
- 3 2 . 6 
- 3 2 . 1 
- 3 2 . 7 
- 3 2 . 7 
- 3 2 . 4 
- 3 1 . 9 
- 3 3 . 4 
- 3 3 . 3 
- 3 4 . 3 

1 
2 
3 
4 
5 
6 
7 
o 
9 

10 
1 I 
12 
13 
I 4 

0 
- 1 6 . ® 
- 1 7 . 2 
- 1 0 . 0 

- 7 . 4 
- 7 . 5 

- 1 ?.G 
- 7 . 3 
- 6 . 0 

- 1 9 . 5 
-e.6 

- 2 0 . 5 
- 9 1 . 6 

- " . 6 
- I 1 . 2 

15 - 1 0 . ' 

Table A7 

DATE 1 0 / 0 6 / 6 6 }U'l 110 r 3 E 2 C T®21 V 2P2L V 
CUMULATIVE ' C ^ A J I L I T Y 2 1 ST-i I JUT* 3*J5 

TEiCESTlLES IN D? 
•Ir 6 K: 517 
->A«ITY E ^ a ^ s 0 

16 
17 
12 
19 

- 7 . 4 
- 1 9 . 5 
- 2 1 . 0 

- 5 . 5 

10 
- 3 6 . 6 
- 3 6 . 5 
- 2 3 . 6 
- 2 2 . 7 
- 2 3 . 2 
- 2 2 . 7 
- 2 3 . ® 
- 2 4 . 4 
- 2 3 . 7 
- 2 3 . 7 
- 2 3 . ? 
- 2 4 . 5 
- 2 3 . 9 
- 2 4 . 2 
- 2 3 . 4 
- 2 3 . 3 
- 2 4 . 5 
- 2 4 . 7 
- 2 4 . ? 

20 
- 3 6 . 7 
- 3 6 . 6 
- 2 4 . 9 
- 2 3 . 7 
- 2 4 . 3 
- 2 3 . ? 
- 2 4 . ® 
- 2 5 . 4 
- 2 4 . ® 
- 2 4 . 9 
- 2 4 . 7 
- 2 5 . 5 
- 2 5 . 2 
- 2 5 . 2 
- 2 4 . 2 
- 2 4 . 3 
- 2 5 . 6 
- 2 5 . ? 
- 2 5 . 9 

30 
- 3 C . 7 
- 3 6 . 7 
- 2 6 . 0 
- 2 4 . 4 
-2 4 . 9 
- 2 4 . 4 
- 2 5 . 6 
- 2 6 . 0 
- 2 5 . 4 
" 2 5 . 4 
- 2 5 . 5 
- 2 6 . 1 
- 2 5 . 6 
- 2 5 . 9 
- 2 5 . 1 
- 2 5 . 1 
- 2 6 . 3 
- 2 6 . 6 
- 2 6 . ® 

40 
- 3 6 . 7 
- 3 6 . 7 
- 2 7 . 4 
- 2 5 . 1 
- 2 5 . 6 
- 2 5 . 1 

r <5 

- 2 6 ^ 7 
- 2 6 . 2 
- 2 6 .3 
- 2 6 . 0 
- 2 6 . 7 
- 2 6 . 5 
- 2 6 . 5 
- 2 5 . 7 
- 2 5 . ® 
- _ 6 . 7 
- 2 7 . 2 
- 2 7 . 3 

50 60 70 "0 oO 
- 3 6 . ® - 3 6 . ® - 3 6 . o - 3 6 . 0 - 3 7 . 0 
- 3 6 . 7 - 3 6 . ® - 3 6 . ® - 3 6 . 9 - 3 6 . 0 
- 2 0 . 5 - 3 6 . 6 - 3 6 . 7 - 3 6 . 0 - 5 2 . ® 
- 2 5 . ? - 2 6 . 4 - 2 6 . 9 - 2 7 . 6 
- 2 6 . 3 - 2 6 . 9 - 2 7 . 5 - 2 7 . 3 - i?!? 
- 2 5 . 7 - 2 6 . 3 - 2 6 . 9 7 - 2 9 . 0 
- 2 6 . ? - 2 7 . 4 - 2 ® . l - ° 9 . 1 - 3 0 . 3 
- 2 7 . 3 — ^ _->o — — - • -•>9.4 - 3 1 . 0 
- 2 6 . 7 -b'.l - 2 ® . 0 — • * - 3 0 . 3 
- 2 C . 9 - 2 7 . 5 - 2 9 . 4 - 3 0 . " 
- 2 6 . 5 - 2 7 . 1 - 2 7 . ® -r~.6 - 2 9 
- " 7 . 4 9 *) .*>« a - 2 9 . 6 - 3 0 . 0 
- 2 7 . 1 -ZTI i - 2 " ".6 - 2 9 . 5 - 3 0 . 0 
- 2 7 . 0 - 2 7 . 6 — - • - 2 9 . 0 - 3 0 . 6 
- 2 6 . 2 - 2 6 . ? - 2 7 . 4 " t - • — - 2 9 . 7 
- 2 6 . 4 - 2 7 . 2 - 2 7 . 7 - ® ~ . 3 — • 
- 2 7 . 3 - 2 7 . 9 - 2 ® . 6 - 2 9 . 5 - 3 1 . 1 
- 2 7 . 9 - 2 ® . 6 - 2 5 . 2 - 3 0 . 2 - 3 1 . ' 
- 2 7 . ® - 2 ® . 4 - 2 9 . 1 - 3 0 . 2 -31 . 7 
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Table Afi 
DATE I 0 / 0 6 / 6 6 P.V 4 110 R E 2 C TP«1. V ^P3L H 

CinULATIVZ «*-J3-<UILITY 0 I S T i I - U T ! 3 iC 
?EJ\CE1TILES IN D3 

€ K: 517 
®MITY E r , 3 3 « 0 

0 10 20 30 40 50 60 70 ' 0 *0 
1 - 1 7 . 1 - 3 4 . 6 - 3 4 . 7 - 3 4 7 - 3 4 . 5 - 3 4 . ? - 3 4 . 9 - 3 4 9 - 3 4 . 9 - 3 5 . 1 
2 - 1 7 . 0 - 3 4 . 7 - 3 4 . ? - 3 4 B - 3 4 . 9 - 3 4 . 9 - 3 5 . 0 - 3 5 1 - 3 5 . 1 - 3 5 . 3 
3 - 7 . 1 - 2 9 . 9 - 3 1 . 1 - 3 2 9 - 3 4 . 4 - 3 4 . 3 - 3 4 . 9 - 3 5 2 - 3 7 . « - 5 5 . 0 
4 - 1 6 . ? -2*) .3 - . * 0 . 2 -31 I -31 . 6 - 3 ? . 4 - 3 3 . 2 - 3 3 9 - 3 4 . 6 - 3 6 . P 
5 - 1 0 . C - 2 9 . 2 - 3 0 . 2 - 3 0 9 -31 . 6 - 3 2 . 2 - 3 3 . n - 3 5 7 - 3 4 . 7 - 3 5 . ^ 
6 - 2 5 . 9 - 2 9 . 1 - 2 9 . ? - 3 0 7 - 3 1 . 4 - 3 2 . 2 - 3 ' . ? - 3 5 4 - 3 4 . 5 - 3 5 . f 
7 - 2 9 . 6 - 3 0 . 6 -31 5 - 3 2 . 2 - 3 3 . 0 - 3 3 . 7 - 3 4 5 - 3 5 . 4 - 3 6 . ' 
S - « . 7 - 3 0 . 1 - 3 1 . 0 -31 a - 3 2 . 5 - 3 3 . 0 - 3 3 . 9 - 3 4 6 - 3 5 . 5 - 3 6 . 5 
9 - 2 5 . 1 - 2 9 . 4 - 3 0 . 2 - 3 0 9 -31 . 5 - 3 2 . 2 - 3 3 . 0 - 3 3 6 - 3 4 . 6 - 3 5 . 9 

10 - 1 3 . a - 2 9 . 3 - 3 0 . 5 - 3 1 3 - 3 2 . 3 - 3 2 . 7 - 3 3 . 3 -3 4 o - 3 4 . 9 - 3 6 . 0 
1 1 - 1 6 . 1 - 2 9 . 5 - 3 0 . 4 -31 3 - 3 2 . 0 - 3 2 . e - 3 3 . 2 - 3 3 9 - 3 4 . « • 3 5 . 9 
12 - 2 6 . 9 - 2 9 . S - 3 1 . 0 -31 a - 3 2 . 4 - 3 3 . 3 - 3 3 . 7 - 3 4 4 - 3 5 . 2 - 3 6 . 3 
13 - 1 2 . 5 - 2 9 . 5 - 3 0 . 7 -31 5 •32 .3 - 3 3 . 0 - 3 3 . 6 - 3 4 t - 3 5 . 5 - 3 6 . 5 
14 - 7 . 2 - 2 9 . 9 - 3 0 . 9 -31 3 - 3 2 . 5 - 3 3 . 5 - 3 4 . 3 - 3 4 5 - 5 5 . 2 - S t . 5 
15 - 9 . 9 - 2 9 . 9 -30.•> -31 5 - 3 2 . 3 - 3 2 . " -11.* - 3 4 1 - 5 4 . 9 - 3 6 . 1 
ie - 9 . 0 - 2 9 . 6 - 3 0 . 6 -31 5 - 3 2 . 1 - 3 2 . 7 - 3 3 . 4 - 3 3 - 3 4 . 7 - 3 6 . 1 
1 7 - 5 . C - 3 0 . 5 - 3 1 . 7 - 3 2 5 - 3 3 . 2 - 3 3 . ? - 3 4 . 5 - 3 5 0 - 3 5 . ' - 3 7 . 1 
1? - 2 6 . 4 - 3 0 . 4 -31 . € - 3 2 3 - 3 3 . 0 - 3 3 . 7 - 3 4 . 5 - 3 5 1 - 3 6 . 1 - 3 7 . 3 
19 - 2 6 . 5 - 3 0 . 7 - 3 2 . 2 - 3 2 7 - 3 3 . 5 - 3 4 . 2 - 3 4 . 9 - 3 5 a - 3 £ . < - 3 7 . 6 

Table A9 
Additive Constant for Run 110 (in dB) 

* V V j * K V x „ . I K X V H 
Cvv c H V 

c 
HH 

c 
VH 

+16 ! - 16 
1 

+ 1 2 - 1 / 2 | + 1 2 - 1 / 1 +15 *15 
. 

+ 1 7 - 1 / 2 + 1 7 - 1 / 2 | 
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!»« 

1 
D e p a r t m e n t of the Air F o r c e (Wright -
P a t t e r s o n AFB, Ohio) 

The second and f ina l p h a s e of a t e r r a i n c l u t t e r s tudy has h s s n c o m p l e t e d at 
Nava l R e s e a r c h L a b o r a t o r y u t i l i z ing the F o u r - F r e q u e n c y R a d a r S y s t e m i n s t a l l e d 
in a WV-2 (Super Cons te l l a t ion) a i r c r a f t , BuNo 128324. Th i s s y s t e m i s c a p a b l e 
of t r a n s m i t t i n g and r e c e i v i n g four f r e q u e n c i e s ( P , X , L , and C) c o n s e c u t i v e l y with a 
cho ice of h o r i z o n t a l , v e r t i c a l , and a l t e r n a t i n g p o l a r i z a t i o n s . The r e t u r n s a r e ga ted 
at a f ixed r a n g e and ana lyzed in a d ig i ta l c o m p u t e r . Abso lu te c l u t t e r m e a s u r e m e n t s 
have been t aken ove r s e v e r a l s i t e s at a n g l e s of i nc idence f r o m 5 d e g r e e s to bO d e -
g r e e s . The p a r a m e t e r m e a s u r e d w a s the n o r m a l i z e d r a d a r c r o s s s ec t i on in t e r m s 
of the m e d i a n value of i t s p robab i l i t y d i s t r i b u t i o n . Data w e r e ob ta ined f o r t h i s 
p a r a m e t e r a s a func t ion of inc ident a n g l e , t r a n s m i t t e d and r e c e i v e d p o l a r i z a t i o n , 
and r a d a r wave leng th for a wide v a r i e t y of t e r r a i n t ypes such a s d e s e r t , m o u n t a i n -
out,, u r b a n , and w a t e r . A s ign i f i can t conc lus ion w a s that the wave leng th d e p e n d e n c e 
of the t e r r a i n c l u t t e r v a r i e s f r o m n « 0 f o r u rban t e r r a i n to n » 3 / 2 fo r m a r c h e s . 
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R a d a r 
R e s e a r c h 
T e r r a i n c l u t t e r 
S u r f a c e e f f e c t s 
S c a t t e r 
Back scat ter 
N o r m a l i z e d c r o s s - s e c t i o n da ta 
F o u r - f r e q u e n c y r a d a r s y s t e m 
X, C, L , and P f r e q u e n c y da ta 
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