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July 1964

FOREWORD

In order to meet the need for a National Radar Reflectivity
Range Rome Air Development Center (RADC) awarded a development
contract on 29 June 1962 to General Dynamics/Fort Worth (GD/FW)
to design, fabricate, and develop the Radar Target Scatter Site
(Project RAT SCAT) on the Alkali Flats, Holloman AFB, New Mexico,
(Contract AF30(602)-2831). The operational RAT SCAT Site was de-
livered to the Air Force on 30 June 1964

The RAT SCAT facility was developed for rull-scale radar
cross section measurements. 1In the pursuit of this development,
an R&D Program was undertaken to provide for the specific needs
of Project RAT SCAT as requirements appeared in the implementa-
tion of the function of the site. A significant portion of this
work was subcontracted. Emphasis was placed on those areas
thought to be most promixing in achieving measurement objectives.
The presentation of the results of the R&D Program is covered in
eight reports which were prepared as RADC Technicel Documentary
Reports.

This report (General Dynamics/Fort Worth Report No. FZE-222-8)
is No. 8 in the series. It contains a description of the results
of an investigation of analytical and analog techniques for re-
ducing the influence of target support systems for radar scatter-
ing measurements. The report was prepared by W. P. Cahill and
C. C. Freeny.

The contents of this report and the abstract are unclassified.

i-i1
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ABSTRACT

The results of an investigation of analytical and analog tech-
niques for reducing the influence of target support systems for
radar scattering measurements are presented and discussed in this
report. Several areas of electrical and mechanical requirements
associated with these techniques were theoretically and experi-
mentally investigated. An experimental system for analytically re-
ducing the influence of terget supports was implemented by in-
corporating a phase measurement system and a digital computer into
an operational radar cross section measurement facility. Data was
obtained by using the system to reduce the influence of the return
of Styrofoam support columns during the measurement of 1/2-, 5/8-,
7/8-, and 2-inch diameter spheres and a 30-degree, 5.1-inch diam-
eter sphere-cone as targets at L-Band. A cross section measurement
error of about 7 db, resulting from the influence of the target
support system, was reduced to about 1 db by using this discrimi-
nation system in the vicinity of nose-on in the case of the sphere-
cone target. The discrimination system output was compared to a
low background measurement on the sphere-cone. This {8 Report No.

8 of a series of eight RAT SCAT Research and Development Program
reports.
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SECTION 1

INTRODUCTION

Accurate measurement of radar scattering is commonly depen-
dent upon achieving a condition wherein the influence of a target
support on the incident and scattered field is much less than
that of the target. This condition is commonly realized by pro-
viding a support system with an effective radar cross section mucl
less than that of the target. This solution may become difficult
to implement in the case of heavy, low cross section targets. 1In
these cases, a means for reducing the influence of the support
system through analytical or analog means becomes of interest.

This report contains a description of the results of a theo-
retical and experimental investigatinn of electrical and mechani-
cal system features associated with discrimination or cancella-
tion techniques and a description of the implementation of a dis-
crimination system and the results obtained by use of this system

The discrimination system was used to extract the cross sec-
tion of a series of targets. The system was designed to extract
target data by phase and cross section measurements on the target
support system (or background) and measurements on the support
system with the target in place. The target data extraction is
accomplished by straightforward vectorial subtraction of the in-
put data. The discrimination system was incorporated into the
RAT SCAT Band 4 (1- to 2-gigacycle) equipment complement.

A technical discussion of the general equipment features and
system concepts is included in Section 2. Section 3 contains a
description of a series of preliminary experimental tests designe
to obtain a measure of the feasibility or utility of techniques
of interest In Section 4, the discrimination system implemented
for use with the radar cross section equipment is described. The
results of a series of measurements made by using the discrimina-
tion system components and the complete system are described.

The target used included the 1/2-, 5/8-, 7/8- and 2-inch diameter
spheres and a 30-degree, 5.1l-inch-diameter sphere-cone as targets
Conclusions and recommendations are presented in Section 6. Be-
cause of the large number of figures in Sections 3 and 5, the
figures in these sections will be located at the end of the text.




SECTION 2

TECHNICAL DISCUSS™ON

The the retical investigation asociated with a study of
means of red:cing the .nfluence of ex:raneous si’nals in radar
cross sectio: measurements was orimar:ly devoted to an examina-~
ticn of phas: stability and accuracy requirement:. Details of
this invest{ -ation appear in th: foll-wing parag-aphs «nd in
Reference 1. Many phares of this investigation :re applicable
to active an . paseive signal reductic:i or canceliation and ana-
loe and anal tie means of signal reduction. A s stem devised
for an inter::ediat: frequency cancell:tion, conc:ived uy ,
Conductron Crrpora:ziom, is briefly dircussed in ..ppendix I. A
dizcussion o  a number of tests oriented toward :valuastion of

a radar syst = for phase m:asurements are discus.:ed irn Appendix
IT. ‘ '

Phase a' i am litude stability and accuracy iire esaential
in some sens: in implementing cancellation or dircrimination
techniques but phese requirements appear tc be ard are demon~
strated to bte in some cases more difficult to reclize. A test
of the amplitude srabiiity of the RAT SCAT 2quipirent was con-
ducted over a six-nour period by using Band 4 eq ipment and
coupling the outp t of the tramnsmitter through ar» attenuator _

into the input of the receiving system and recording m:loemindtee

intervals; the t-tal variation was only 0.3 db cver =z é-hour
period.

In this investigation, consideration was given to both
electrical end mechanical phenomenon which could influence the
phase inforration obtained, as well as to criteria which couid
be used for system evaluation. Aside from difficulties asso-
clated with the usz of the measurement equipment, many system
parameters can inf.uence the phase information obtained. The

nfluence of these parameters can be geen b’ cor-:idering the
e‘(press ions

er = 12 Ep cos(wt + 2aWR/e + 2wad/e + @)  (2-1)
er = Y7 i. cos(ut + @) (2=2)
where < is the orerating r .dian frequency, and the ¢ are

arhitrar-y phase constants. The 2 AW /¢ term is included te
account for the irfluence ol a frequency change for a path

EEST AVAILABLE COPY




leng:'h difference of R Dbetween the signal sources of e, and

er- The 2 A d/c term is included to account for the effect of
a pa 1 length change for cne ¢f the signals. The effect of these
paraucters is numerically 1iilustrated in Figures 2-1 and 2-2.

The Equationg 2-1 and 2-2 do net account fer such features as
coupling and other mesna by which the target may influence the
actunl background signal. It can be seen that phase stability
and ~ccuracy requirements may be influenced by the physical lo-
cati-n of the reference relative to the target. For example, the
use £ a gcatter in the wizinity cf the target as a reference
sign 1 source or cancellation signal source would essentially
elim nate the infinence ¢f frequency changes and many sources

of p-3sible relative phase changez because the pathz of both sig-
nals of interest are largely the zame.

The cancellation ztudy reported in Reference 1 was devoted
te { ) the cowparison «f active cancellation {sigrnal injection)
and yassive cancellati-n (byv placing adjustable scatterers in
targ. > regiont and {2} the investigarion of the expected crossa
section reducticn as a functicvn of phase and amplitude instabil-
ity. A comparison bhetween active and passive cancelilation was
made on a qualitative hasis. To cbtain the necessary conditions
by use of the passive feshnique, the zignal returned by the can-
celling scattewrers must Se nearly equal in wagnitude and opposite
in phase to these of the background, plues the scatterers from
the target support as aeen bty the receilvirg artenra. In this
scheme, cancellatisn i: accomplished cutside of the receiving - -
system. When the active testwnique is used, a carcelling signal
is added to the signal to be cancelled at either the RF or IF
level of the receiving syste.:. In the case cf this analog tech-
nique, ¢ constant cancellinp signal 18 commonly used. The cri-
terion vsed in the compariss - of the two techniques was that
the maxiaum cancellation err - be no greater rthan 100 per cent.
If absolute amplitude stabil .ty 1is assumed, an error of 100 per
cent in<icates a phase rever al of the cancelling signal. The
reasor :or selecting this critericn is that it is relatively easy
to meet when a scheme lnvelving active canceliation is used. To
naintair this conditicn by the uge of active cancellation, all
chat 18 vequired is reazsonabe amplitude stability of the cancel-
{ation network. To irsure that the maximum -vror criterion is
et when passive cavcellation is used, the cross gection ¢f the
cancelling scatierers must exhibit the =same type of amplitude sta-
tility irndicated above. However, this type of amplitude sta-
“ility can only be obtained in the passive case if the cancelling
. catterers ave isolated Jdecoupled} from the target support and
carger. To aczhleve such isnlation without increasing the back-
round on a ground plane range would be difficult unless a large

4
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number of small gcatterers could be used. However, if passive
cancellation is to be used operationally, a convenient means of
adjusting the phase and amplitude of the cancelling scatterers
must be provided to prevent an inherently unwieldy operation.

As indicated by Equations 2-1 and 2-2, the stability of
beth types of cancellation are influenced by frequency stability
and target support movement. The influence of target support
movement on the signal amplitude is probably greater in the pas-
sive technique because of the coupling between the cancelling
scatterer and target support. Aside from mechanical instabilities
and temperature variation, which can influence the phase of the
return from a target, wind effects may also introduce apprecia-
ble phase changes. This can be seen in the results of the fol-
lowing analysis of wind effects on circular columns. For this
analysis, maximum column deflections were calculated on the basis
of the assumption that circular columns were used and secured so
as to act as cantilevers. The relationships used to relate wind
velocity to maximum deflection are defined in Equations 2-3 and
2-4 (see References 2 and 3):

P = .00256 V2 (2-3)
where
P = Pressure (lb/ft2)

V = Wind Velocity (mph)

y Fr + L3 -
max 8EI
where
Ynax =~ Maximum column deflection
Fe = Force acting uniformly on length of column
L = Length of column
E = Modulus of elasticity
I = Moment of inertia




For the circular columr, the value cf I is given by
T = . (2-5)

where R 1is the radius of the coiumr. If it is assumed that no
friction forces act between the wind and the cciuxrn, then the
force acting uriforxly or. the column is given by

Ft » 2 PRL '\2'6,'

Combining Equations 2 ’, 2 4, 2-5, a~d 2-6 results ir obtairing
the following eguation icr

- 4’
= S R T R e 0"2- 7)

Data obtained from the wuse ~tf Fjuaticn 2-7 15 plcotted in Figure
2-3 Values assumed for computariznal purpcszes were "1 E = 450
psi, (2) column length = 10 feet, ard ;3: ¢Siumn diameter = 1,
1.5, 2.0, ard 2 5 feet

To estimate the allowan.e range of wind velccities under
which cancellatior would be feasirle, a maximum phase deviation
of 0.1 radian (5 73 degrees: at 3 gigacycles was assumed This
phase deviation corresponds to a 20-dd reduc-icy» irn the signal
level through canceliiaticr under the -ordition of ro amplitude
error. Figure 2-4 is a plor 2f c¢-lumr height verzus wind ve-
locity for a 1.5-fc¢rt aiameter ~clumn under the above assump-
tions  The data in Figure 2-4 irdirates that, for a column 10
feet in length and 1 5 feet in diameter, a ¢ 1 radiar phase
shift will result from a 3-mgh wird

One corcept for system evaluatior is ~hat cowmmenly referred
to as background impreovewert Backgrcourd imprcvemernt R, can be
mathematically expressed as

R = -i0 lcg e e (2-8?

where the subscript B represen:s the original background signal
or extraneous signal and C represents -he cancelling signal In
terms of an effective cross section level, T ;, backgroand

8
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improvement can be represented by

Ty = (1 -o0)2 + 4otsin? %’- (2-9)
where

uncancelled signal
cancelling signal

$ = phase difference between the uncancelled and the
c&éncelling signal.

This relationship was obtained by evaulating and normalizing the
mean square of the difference between two sinusoidal voltages of
the same frequency. The only requirements were that the ampli-
tudes and phase differences cf the two voltages remain constant
over an electrical cycle. The normalizatiorn was accomplished by
dividing the mean square by the square of the cancelling signal
amplitude. The above formulation should be valid for pulse sys-
tems in which there are several cycles in each pulse and the can-
celling signal remains the same frequency as that of the signal
to be cancelled during each pulse period. This relationship will
be used later in a statistical estimation of the background im-
provement concept. Thus it can be seen that, for effective signal
reduction, the cancellation signal must be nearly out of phase
and equal in amplitude to the extrareous signal at the time that
the receiving system converts the signals to ar amplitude level.

As an illustration of the influence of measured quantities
on background imprcvement, calculations made by using Equation
2-8 are shown in Figure 2-5 as a functicn of the deviation of the
signal parameters from the ideal case of equal amplitudes and an
out-of-phase conditicn for the two signals. The data illustrated
should be considered to represent peaks or 100 percentile values.
These data, considered relative to the data in Figures 2-1 and 2-2,
indicate that equipment requirements are stringent for a reason-
able background reductio~n under these conditions; consequently,
a statistical evaluation of requirements is suggested.

The concept of background improvement can be related to the
common criterion for radar cross section measurements Since the
error in the measurement of a coherent signal in the presence of
a coherent background level is dependent on the phase relation-
ship between the two signals, the criterion for maximum error re-
sulting from constructive or destructive interference is commonly
used for error estimates. In this same sense, the reduced

11
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background background level can be substituted for the origimal
level, and the resulting expression, which has the same basic
form as Equation 2-3, becomes, by using Equation 2-9,

¢ = 20 log I 1 +K uu -o)? + 4ousin? 6/2 (2-10)

max

where § is the phase measurement error and K2 is the ratio

OB/CT. In the case where amplitude errors are considered neg-
ligible, Equation 2-10 becomes

(2-11)

“max = 20 log }1 + 2K sin(& /2)

The sign used is dependent on the selection of constructive or
destructive interference. It is evident that expression 2-11 be-
comes the maximum error expression in the case where there is no
background reduction when & = 60 degrees. Thus, for any value
of K, the effective level of the background will be reduced if

< 60 degrees. However, an examination of the maximum error
criterion (constructive or destructive interference between the
target and background signals) will reveal that the resultant
maximum error possible with the reduced background may exceed the
maximum error possible without background reduction for certain
values of K.

The maximum error is showa in Figure 2-6 as a function of
§ and K from Equation 2-11. The common maximum possible error
curve (8§ = 60 degrees) is also shown in this figure for compari-
son. The break in each of the curves is a result of displaying
the maximum error; this display of maximum error results from
the selection of destructive or constructive interference in cer-
tain regions. The maximum error results from destructive inter-
ference in the case of the smaller K and from constructive inter-
ference in the case of the larger K. The change-over point occurs
at a K value given by

V2 K sin (8 /2) = 1.

It is of interest to consider the error in phase which can
be allowed before the maximum possible measurement error exceeds
that without background reduction. The maximum allowable phase
error is shown in Figure 2-7 as a function of K. To obtain the
data shown, it was assumed that the region of interest is

2K sin 6/2 < 1.
13
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The curves shown in Figure 2-4 indicate a need to increase the
phase measuring accuracy when background levels are large rela-
tive to the level of the target.

An ejquivalent error situation appears in measurements of
phase in the presence cf a ccherent background level. The total
recurn from the signal of interest plus the extraneous signal
can be written as

E~ = Eg¢ + Ex (2-12)

where the t and x subscripts dencte the signal of interest and
extraneous signal, respectively. The measured amplitude and phase
then are E7 and @1, respectively, and Equation z-12 can be writ-
ten as

Ced 4 fa _
srelwﬁ +o) at_e"q’t + Exewx (2-13)

By & manipulation of Fguatint 2-13 i% can be shcwn that the maxi-
mum value & , is

E
LD St
&6, = tan - (2-14)
. Fx
which, for small B becomes
8 EK
om = -LE.:“:.:_

Figure 2-8 is & plot of the Relatien 2-1l4. Frem an examination
of this curve, it can be seer that a reiative level between the
desired sigrnal and the extranecus signel of 20 and 30 db can pro-
duce a2 maxiwum phase measurement erreor of 5.7 and 1.8 degrees,
respectively.

While tle backgrcund iuprovement data shown in Figure 2-5
are .f value for estimating sysrem performance, a more reasonable
estimete may be obtained in wmany cases through an estimate based
on statistical system properties. Since the measurements to be
obtainesd are time dependent, the idea cf using a statistical
evaluation is a reasonable apprcach, and by this means accuracy
or atabilitv requirements can be based on a large percentage of
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the time so that the stringency of requirements are effectively
reduced. To investigate the problem from a statistical stand-
point, a normalized cross section ( O ;) formulated in terwma of
the normalized amplitude and phase parameters (ol) and (A @) can
be used. The relationship between these parameters is defined
in Equation 2-9. To obtain an estimate of the amount of cross
section reduction obtainable by us~ of a given cancellation
scheme, the statistical distributions of oL and A ® over a meas-
uring period could be used if they were known. A measure of the
system requirements for & practical levei of improvement can be
obtained by assuming distribution functiors for the problem
parameters If it is assumed that the smplitude and phase error

components (1 -o() and 2o sin 20 9/2 are independent and norm-
ally distributed with equal variances and mean zero, then the
probability that O is less than the selected value O o is
given by (see Reference 4)

or

Gro = 20’0‘_ Lﬂ t 1 /7 (2'15)

where CQLZ is equal ftc the variance o: the amplitude and phase
function distributions and Ty 18 ejual to ainimum cross sec-
tion reduction for a given

i-Pr;LOSOrﬂfJ',O.I
A curve of the Equation 2-15 is shcwn in Figure 2-9 for ) = 0.9
and 0.5. An examinaticr. of Figure 2-9 :ndicates that a 20-db
cross section reductiorn is possible 50 per cent of the time if
the amplitude an< phase stardard deviations remain less than or
equal to 0 085. This value corresponds tc an error of about 5
degrees of phase and canc¢li. tion to background cross section
ratio of about 0.7 db at tne 17 point. For 10-db reduction,
the standard deviations become 0 25 and 14.3 degrees. It is in-
teresting to compare the 10-db reduction point for ¥ = 0.5 with
the 10-db reduction point shown in Figure 2-5. 1In both cases,
the values of the amplitude ard phase deviations are approximately
equal except that in Figure 2-5 the deviations represent maximum
variations ar.d in Figure 2-9 they represent standard deviations.

i8
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The earlier curve indicates that more than 10-db reduction is

not poesible 100 per cent of the time, whereas the data in Figure
2-9 indicates that 10-db reduction is possible 50 per cent of

the time.

More comparative data can be obtained by assuming independ-
ent, uniform distributions for the amplitude and phase factors

(1 -o) and 2} sin :42_“ If the limits of the two uniform

distributions are assumed o be equal and defined by + A¢./2,
the cumulative distribution U, can be obtained for a selected

Oro by use of the equation

r = “ Au'z
Pr | 0 <Or ¢ arcji - —Az Oro, 0 $0rq < 7 (2-16)
. I 20 r 20 T
- a -
Pr 0 <Gr < Oroi = Arg tan 1 = L J +
L | = _Bel40r -0,2)*
2 2
1/2
1 ‘ A A
= (4014 - b)), —= ¢ O, < "
o 4 2
2
AOL

If Or, 1s a value less than and

4

—

i 1
= Pr 050 SOy |

N —_

is equal to 0.5, the expression for minimum cross section reduc-
tion, as a function of the deviation parameter A, , is

c Beg

rg ~ — (2-17)

© 27

Data obtained through use of Equation 2-17 is plotted in Figure
2-10. To permit a comparison of the results obtained on the basis
of assumed normal and uniform distributions, the 0.5 probability
curve from Figure 2-9 is alsc shown in Figure 2-10. On the
deviation parameter abscissa, &, is used for the uniform case,
and 0o is used for the normal case.

From the data plotted in Figure 2-10, it is observed that,
if the amplitude and phase variations are uniformly distributed
between the limits of +0 125, then a radar cross section re-
duction of 20 db can be expected 50 per cent of the time. This

20
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corresponds to a total angular variation of approximately 14 de-
grees and total amplitude variation of 0.25.

In the previous discussion, the amplitude and phase devia-
tion parameters were assumed equal (i.e., Oo = Tg and L =

4 g). To determine the impact of such an assumption, the follow-

ing analysis of the expected cancellation is made on the basis
of assuming (1) a negligible amplitude deviation and (2) a uni-
formly distributed phase deviation. For the case when o= 1,
the cumulative distribution of ¢, is obtained from the equatiom

2

(2-18)

Solving Equation 2-18 for Jr, and again assuming a probability

of 0.5 result in

)
Oro e ——‘0“ 0
16

This Is compared to
2-17. 2w

obtained from the use of Equation

iils comparison cf the two cases indicates that an addition-
al 3.5-db reduction is achievable if a negligible awplitude var-
iation is maintained, as opposed to the case where the gain and
amplitude deviatiorns are equal.

A quantitative estimate of the expected cancellation of a
given uncancelled signal may be obtained by (1) estimating o,
and &, from a plot of the uncancelled signal and (2) using the
data shown in Figure 2-10 to find the cancellation expected for
the value of O, and 4. determined in step 1. This procedure
is described in the following paragraphs.

An estimate of O, may be obtained by letting

N
= = L > o (2-19)
fo = v = o1

where O4 represents the value of cross section of the uncancelled
system at the ith sample point which corresponds to scme aspect
angle 0.

22




1f the cancelling signal amplitude is assumed to be equal
to the sample mean,‘f; , then an estimate of C; , say &, ,
is obtained by use of the equation

L i=1

: N \271/2
G| 4 > 1 - @/ J (2-20)

An estimate of A, can be obtained from the cross section plot
through use of the maximum and minimum values of cross section

(Cmaxs Omin):- If the cancelling signal amplitude is assumed
to be equal to the average, (Opax * Tpin’ /2, then an estimate
of AO_, say 2;’ , 18 obtained from the equation

- iomax - rgmin

‘—— — (2-21)
O max ¥ “c

min

A
AOO

In the case of the preliminary measurement data discussed
in Section 3, a more flexible and useful distribution model 1is
defined and used to predict the background improvement expected.

Another means of obtaining a measure of the effect of phase
accuracy is a direct comparison of the true target cross section
and the resultant computed value of the target cross section in
the case of a discrimination system, such as that implemented
under this program. The computed value of the cross section can
be written as

|
. 2
RTINS U (2-22)

O, = g 9

t 1

where the subscripts 1 and 2 represent the target-plus-background
and the background alone, respectively. If the amplitude error
is neglected, the subtraction error resulting from a phase meas-
urement error ¢ can be written as

1+R2 - 2R cos(@, - 0; +-8)
¢ = 10 log (2-23)
1+R2 - 2Rcos(@#, - @)

23




where RZ = Jps Or+g or Or+ig/ B Formulating the error in
this manner will allow evaluation of the possible errors as a
function nf the available data, i e , the crcss section values
Op and Ty« rather than J1 and T !f the statistical distri-
butions of R and (@7-¥]' are kncwn, the expressio- can be used
to obtain maximum error limits for fixed probpabiiities This
type of error estimation fermulation is of irterest because, in
the case of the techaiques urder consideraticn, Ot mav be of

the same order as O g ard the avaiiable measured yuaztities will
be GT+B and GB'

The above discucsed corceprs are of vaize ir. the gZeneral
case, system effectiver.c: evaluation, cr error estimation of a
large set of measurement: ~r r~lais =i venicies Alsc cf inter-
est is the confidence level aszociated with the results obtained
by using a specific targer ard ser cof parameters or vesults ob-
tained in a limited regicn of data. In this serse an evaluation
of specific pcints by using Equaticn 2-23 is «f irterest. Evi-
dently the accuracy of the comrured result will be irfluenced
by the relative cress secticn ievels as well as rhe shase accu-
racy or stability. As wiil be seen, the degree tc which the
target can influence the cross section of the targe=-vlus-back-
ground is significant an? is of course deve~den* or Tne relative
cross section levels menticred abnove. The data show~ in Figures
2-11, 2-12, and 2-13 are precented tor use with Egsaticr 2-23
when the values cf R are 0, 3, and 6 d> By ucirg these data,
the cross sectinn arnd phase error can he deverzired by comparin
the data at the points i#-@;) and {@,-@1+ %' cr *he abzissa
Thus it can be seen that tne sensitivicy of the computed value
to phase measuremer< errcrs is alss deperdent on the vicinicy of
(6,-901) It is evident trat rhe influence ~f a phase error is
minimized if rhe relative phase of the rarget-plus-m>unt and the
mount only is in the viciritv of 180 cegrees, ~r if the target-
plus-mount and wmount differ :ignificantlv in wagritude. The
influence of a pnase errc: is small if (@2-61s is 1r the vicinity
of zero degrees This obserwvation suggests that :ore control over
the accuracy of the computed rrc¢s secticn is posaibie if the
relative phase (@7-0)) car he .ontrolled This ~cptrel is pos-
sible if the cross sectizr of the razget is suitablv large rela-
tive to the mount cross servrion Tnis relative cras¢ section re-
quirement has been illusrrated irdirectly earlie: in this section
in terms cf the irfluence cf a ¢ ~herent background sigral cn
phase measurement accuracy  Equati:cr /-ls and Figure 2-8 can be
used to deduce the degree cf relative phai:e ctange pnssible as
a function cf the rarget cress section reiative . that of the
support system.
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SECTION 3

PRELIMINARY MEASUREMENT RESULTS

Prior to implementing the discrimination system described in
Section 4, tests were conducted to obtain a measure of the feasi-
bility of the techmniques under consideration. As discussed in
Section 2, egquipment stability requirements for & cancellation or
discrimination technique are dependent on the location of the
reference. Preliminery measurements made with RAT SCAT equipments
included a limited number of tes:s designed to provide data for
use with a technique in which use is made of a scatterer in the
field or a local oscillator to furnish a reference signal.

3.1 Column Stability and Target
Extraction Tests

Tests were conducted by using a flat plate scatterer as a
reference in Band 4 (1.616 gigacycles) and Band 6 (6.5 gigacycles).
The reference scatterer was located at the target range. Data on
the stability of the return from a Styrotoam column and on the
utility of extracting target cross section data was obtained from
these tests. The data reduction scheme used in conjunction with
these tests is illustrated in Figure 3-1. (It should be noted
that all figurec in this section are located at the end of the
text.) A sphere was used as a target in these tests. The meas-
urement data consisted of

OE(O) = cross section of column as a function of azi-
muth angle @ (subsequent terms incorporation
@ are also so expressed)

Cot+s(®) = cross section of column-plus-target

O+£(9) cross secticn of columm-plus-fixed scatterer

Oc+f45(0) = cross section of column-plus-target-plus-fixed
scatterer

Of¢ = cross section of fixed scatterer and is assumed
to be constant during the experiment.

Other terms of interest are

GC(O) = relative phase between ‘CTC(Q) and V?E; expressed
as a function of azimuth angle ©.
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$.+5(8) = relative phase betweer. '0545(9; and WS}
expressed as a function of azimuth angle 0

@ = phase of V?T} {arbitrarily defined to be cons-
tant during the experiment;.

The relationships associat.ng the above amplitude parameters are

Oc+£(0) = O.(8) + Cg + 21 S_(0) T¢ cos #c(6;

73-1)
and

Ooig+£(0) = Oo4g(@; +Tg + z‘iccés;g;cf ces Bovg 0)
‘3-2)

From the Relations 3-1 and 3-2, aiong with the awplitudes listed
earlier, the relative phase angles, @.(0! and @.4+g{0), can be
determined to within an ambiguity of sign. The broken line phas-
ors on Figure 3-1 are included to illus’rate the single ambiguity
in the magnitude of the target cross section In the case of

the experiment presently being ~onsidered, the ambiguity of angle
sign is not an impcrtant factor since phase stability is of
primary concern.

To make general use of this technique, additional irforma-
tion i8 needed in order to resolve the sign ambiguity inheremnt
in Equations 3-1 and 3-2 One method for resolvirg the sign
ambiguity is based on the assumption that the fixed scatterer
can be shifted by 17 /2 degrees Then, if < ¢ is chosen toc
represent the cross section of the fixed scatterer when it is
shifted by7r/2, and O +i'{0), the cross section of the column-
plus-scatterer, & relationship similar to Egquation 3-1 1s ob-
tained. This relationship is denoted by Eguaticn 3-3

Oc+£'(8) = TL(0) + O¢ +2 C (9Y Of- cos 1@ci@) -77/2)
c f c
13-3)

Since cos(@.(8) - 85 -77/2) is equivalent tc -sinv@c(9) - @57,
Equation 3-4 can be written as

Tc+£(8) = 09} + O - 210018 0t cin 9700 (3-a)
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By using Equations 3-1 and 3-4, the correct value of #.(0) can
be determined.

Also, the ambiguity of sign can be resolved in this partic-
ular experiment by assuming that the amplitude of the target is
the amplitude obtained from the Mie curve. The means selected
to resolve the ambiguity consisted of comparing the computed cross
section of multiple runs on the column-plus-target, for example.
The value for which the smallest difference was noted was selected
as the true value. This procedure resulted in the selection of
values much different from the theoretical sphere cross section
in many cases, but a completely arbitrary selction of values was
avcided. An IBM 7090 computer programs was prepared and used to
obtain values of Og, O, #c, and @ 44

Typical data obtained at 1.616 gigacycles are shown in Fig-
ures 3-2 through 3-6. The target for this test series was a
7/8-inch diameter sphere with a thecretical radar cross section
of -41.7 dbsm. Measurements were made with the sphere near the
center of rotation and also offset sabout 4 inches. The measured
cross section of the fixed reference scatterer was -35.7 dbsm.
Only horizontal polarization was used in making measurements at
this frequency.

The phase stability data obtained from this series of tests
is shown in Figures 3-7 through 3-9 in the form of the cumula-
tive density distribution of phase change. The phase change data
was obtained by comparing, at the appropriate azimuch position,
the computed phase results obtained from different sets of data.
The measurements data was obtained over a period of 3.5 hours.

The background improvement criteria (or measure of system
per formance) discussed in Section 2 can be used in interpreting
the significance of these experimental results. As developed
for the discussion of Section 2, background reduction in terms
of relative cross section is defined (see Equation 2-9):

or = (-2 +4o sin? (5 (3-5)

where

o = ratio of background cross section to cancellation sig-
nal cross section

Lt = phase difference between background signal and cancel-
lation signal
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O, ™ ratio of the cross section of the backgiound afte:
cancellation to the cross section of the background
before cancellation

As in the previous discussiors, -10 Log ¢, wiil be referred to
as background improvement

In the previous analysis, backgroun< improvement was esti-
mated in one case under the a:sumption tiat A @ was uniformly
distributed abcut zero and in a second :ase under the assumption
that A @ was distributed normally about zero MHcwever, inspection
of the cumulative distritutions shecwn in Figures 3-7 through 3-9
indicates that tne densitv >f A @ migh! be approximated more ex-
actly by use of the densit: expression

o
-
>4

' »
>
" -t
oD

(=)

[¥a)
~<
v

13-6)

s

]

>

o

8

[T

on

N

] I

where

X = random variabie | & ©1

>
]

upper bound on 1A Q! as indicares by fre cumulative
distribucion

§ = denrsity parameter used tc aporoximate the siope of the
cumulative distributiorn.

It is noted that the density given in Equaticn 3-€ is reduced

to a uniform distribution wnen £ = 0, furthermere, the density
becomes the other distributicrnal extreme (i e , the impulse dis-
tribution) when § = - 00 Ferice, in the present analvsis, an ex-
pression for the probability ¢f 2 given background improvement
will be obtained subject only te the conditicn that the density
given in Equation 3-7 may be used to describe the abtsolute phase
difference between the artual background sigral and tqe recorded
background signal. In the present amnaiysis, the value of X will
be taken as unity because {l! the discrimination system imple-
mented at RAT SCAT varies rhe amplitude c¢f the cancellaticn sig-
nal as a function of azimuth by using the recorded cross section
level of the background and -2: on the basi: of experiwvenral
evidence, the amplitude of the backgrcun? is relative stable with
the exception c¢f a smail bias which results from calibrazion
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error. The (1 - )2 term in Equation 3-5 may be evaluated to
illustrate the influence of a 0.5-db shift in level between the
recorded background and the actual background (from which the re-
corded background is subtracted).

Under the specified conditions, evaluation of the term shows
that the background improvement is bounded by = 24 db as a result
of amplitude drift. In terms of phase difference, a background
improvement on the order of 24 db corresponds to a phase change
of 2 3.5 degrees. The above illustration, plus accumulated sta-
tistics on envirommental phase stability, serves to indicate that
the phase term of Equation 3-5 will be the controlling factor on
the amount of background improvement which may be expected. How-
ever, because of the limitations imposed by the random variable
ac, a skeptical view should be taken of improvements resulting
from the present analysis if the improvements cited are much
greater than 20 db a large percent of the time. By letting & be
unity in Equation 3-5, the normalized background may be written
as

r

o, = wsi? &8 < g <y (3-7)

The probability relationship between O, and |A@] is

PU [0 S "Ur S "O—ro] = Pr [0 _<.. |A¢|§. 2 Siﬂ-l Zro]

ro

(3-8)

By using Equation 3-8 and Equation 3-6 (which gives the dis-
tribution of |A@]| ), the background improvement -10 log Ty,

may be obtained in terms of Paro’ S , and |Aa| 1f background

improvement is denoted by BI, and if P = 77, then the expres-
sion of interest is given by ro

—

In [:(ejz8 -1)7 + 1] (3-9)

—

- A S
BI -6 -10 log sin {-28

where

7 = pr| 0< 0. £ O, = Pr | BI. < BI £ o0
r ro [0}
|

Note that, when 7" is unity, i.e., when the background improve-
ment is greater than -10 log Tro 100 per cent of the time, the
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E<pression 3-9 is reduced ro the ''worst case’ expression given
by Expression 3-7 when ! A@| is replaced with the maximum phase

deviation X. Alsc, if 5 = 0 in Expressior 3-9, the expression
cbtained is equal rc the expressicn obtaire1 in the previous
analyvsis for a uniform distribution. On the basis »f the statis-
tics obtained at RAT SCAT, hcwever, the Expressicr 3-9 indicates
a significant increase ir hackground improvemer.! cver the im-
provement predicted in the earlier analysis. The difference be-
tween the twc estimates is due to the ccncentraticon ~f the phase
difference about zer. rather than being ue to a wore uniform
distribution, such as that anticipated befcre experimenral evi-
dence was ob:ained.

The graph ~of the *elaci'nsnip iliustrated in Equaticn 3-9
is shown in Figures 3-10 a-4 3-11 fcr 2 = 0 95 a< a functicn of
§ and X. Also, the "worst case” curve of ¥ = 1 it plctted in _
each of the two figures T~ cbtain the curves in Figure 3-10, X
is presented as the abci:sa, X values range betweer 5 and 30 de-
grees, while § is allowed the vaiues -30/57.3 and -60:57.3. To
obtain the curves shown iz Figure 3-11, 3 was allowed to vary
between 0 and -100/37 3 for esch of the Y valuss b»etweer 10 and
20 degrees

Table 2.} cantaics a iist of vaiues for 5 end X evaluated
from the phase sca’xéitv curves chtained from the experimental
dars. The value c¢f ¥ was abhtaiprec by Kféuul ng the experimentally
determined cumulative ¢itve to zero by of & straight iine
approcimarion  The valu: of 5 wés dete rained by passzing the
theorezical curve througn the peing Pr 8 2 480 € A8 = 142,
Ou the basis of the curves »7cwn in Figure 5-12, & comparison

way be wade between The wodel cumularnive and an experimentally
datermined cumygjavive by tne use 7% rthe above techmnigque for ob-

r

tainiag X and &

On the basis of rhe previous analvsis and on the basis of the
experimental data chtained at RAT SCAT, a significant background
improvement wag zupected vhrough tre use of the Band 4 data dis-
criminstion svarem. Bv a2 <igpificant jmprovement,” it is meant
that sn improvemert of 0 (0 ZU b mav be expected 9% per cent
of 2he time. [t shcuid be horne in mind that the experimencal
data was obtained hy wmegns of 3 vechnigue wherebvy problems caused
by freguency drift were eiiminated, furinerwmecre, swmall targets were
used in the expeviments, and "helr use terded to minimize the
spacial wmovement of the ¢aluwn compared to the wevement of the
larger targets.




Table 3-1 MODEL PHASE DISTRIBUTION PARAMETERS

X 8
Column 32 -5.24
Column-Plus-Offset Sphere 13 -21.2

The results of the effort to extract the radar cross section
of the sphere target are shown in Figures 3-13 through 3-16. Fig-
ures 3-13 and 3-14 were prepared by superimposing computed sphere
cross section data and the theoretical cross section data on the
measured column-plus-sphere trace for the centered and off-center
sphere cases. The improved accuracy in the determination of the
sphere cross section is evident from an examination of these data.
The cumulative distribution of error in the computed cross sec-
tion is shown in Figures 3-15 and 3-16. It will be noted that
the 90 percentile error for the centered sphere case is near the
1-db accuracy specification for RAT SCAT measurements. The error
expression form used in this calculation was

o
€, = 10 log -

Tsphere

An almost identical effort to that described above was com-
pleted at Band 6 (6.5 gigacycles). In this band, the target was
a l-inch-diameter sphere with a theoretical cross section of
-38.35 dbsm. Typical data runs for this series are shown in
Figures 3-17 through 3-20. The reference scatterer cross section
was -36.8 dbsm.

Results of phase calculations for the column are shown in
Figures 3-21 and 3-22; data for horizontal and vertical polari-
zation are presented. These data are superimposed on typical
analog cross section plots of the column cross section. The re-
sults of two phase computations are shown. The data points were
selected from data maxima and minima which differed by at least
10 degrees. One set of data points is connected with a straight
line to aid in visualizing the punase variation. The gaps in the
phase data are attributable to missing tape data points and/or
an impossible solution in the computer output. These data indi-
cate that the phase variation of the Styrofoam column was not
extensive. It should be noted that the relative variation in
phase may be positive or negative so that the total excursion
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zay be twice the maximum values cbtaired. Although the more
random components tend to cbscure the exact locatior cf the max-
ima and minima, an examination of these data suggests the pres-
ence of discrete scatterers cf significant cross section within
the column;, the presence cf the scarterers 158 evidenced by the
phase maxima (or minima’ data that appears (o vrecccur at approxi-
mately a 180-degree aziwmuth shift The scatterer phenorena may
be interpreted to suggest the pcssibility of reducing tne phase
variation by carefully locating rhe axis of the columr relative
to the axis »>f rc-ation The phase variaticn of the returns

from the column is shown in a different form in Figures 3-23 and
3-24  Although this phase inZcrmation is relative, the data
presented has not been adjustea, i e , the angles shown are the
actual angles calculated 7. ::e of the computer program, and they
are relative to the fixed scatterer.

A measure of the phase shirt cf the column is shown in Fig-
ures 3-25 and 3-26. In the case of rhese data, the phase of the
column was compared at each azituth point available i+(}.]1 degree)
by using the first data rup as a re«terence The -sariable for
these data was the column-plus-fized scatterer data rans In
these figures, the separarte :-urves describe d&ta run: made ap-
proximately 20 wminutes apart n one case, the Jata obtained
for the longest time periece fel: within data for shorrer time
periods.

A comparison of the Band 4 and Band 6 phase stability data
suggests only a slight degradation in the performarce of a dis-
crimination system in Bard 6 relative tc Band 4. Corsideration
of the success in reducing the effective backgrcund with the
Band 4 discrimination system f(subsegqunetlv treated in Section 5)
relative to the fixed scatrerer reference results indicates that
a definite gair can be realized with such a discrimination system
at Band 6 frequencies. However, the precently unresolved prcblem
of a phase instability external tc the electronic 23quipment,
discussed in Sectien 5, mav prcfoundly influence the urility of
such a Band 6 system. It agpears that further testing is neces-
sary to insure a reasonable degree of success at these higher
frequencies.

The probable success ~f a system operating in Band 6 is sup-
ported by the results of the sphere target extraction for this
band. Examples of the results ¢t spbere cross section extraction
are shown in Figures 3-27 through 3-30 In the case of both
horizon*al and vertical polarizaticr, the computea sphere cross
section values are superimposed on rectil!inear analcg olots of
the measured radar cross section of the column-plus-otfset sphere.
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The computed data points were selected at 3-degree increments.
The blank spaces resulted from computer error code output. The
theoretical cross section of the sphere (-38.35 dbsm) is also
shown in the figures.

The cross section of the column selected for this test was
on the order of 10 db below the sphere so that the error intro-
duced in the measurement by the column was generally small; as a
result, a large error reduction is not to be expected. Examina-
tion of these data and the cumulative error distributions shown
in Figures 3-31 and 3-34 shows this to be the case. However,
the improvement in background is significant in view of the orig-
inal background and the equivalent background required to produce
the reduced error. Aside from the unknown errors associated
with coupling between the various scatterers, several factors can
influence the accuracy of the computed results. Two of these in-
fluencing factors can be identified as the proper resolution of
the previously mentioned sphere cross section ambiguity and the
phase variation in the return from the various scatterers. Much
better resuits could have been obtained if a selection had been
based on the computed values nearest the known theoretical values.
Since the column return was small, the difference between the
correct value and the ambiguity of both the centered and offset
sphere was small, ard as a consequence, small errors could to a
large extent influence the selection of values. The effect of
phase stability or phase variations on the background reduction
which can be realized has been discussed previously.

3.2 Transmitter System Stability Test

A test system used to cbtain a measure of the phase stability
of the Band 4 driver and power TWT amplifiers is shown in Fig-
ure 3-35. The cross-hatched blocks denote additional components
required for the test. The test effort was concentrated on the
stability of the driver TWT and the power amplifier since these
components are driven by use of a very stable signal obtained
from the phase measurement system. Tests were also conducted
with the driver TWT and PA components out of the system in order
to evaluate the instrumentation system which included the Band
4 receiver.

During these tests, an effort was made to obtain the clear-
est spectrum possible from the auxiliary TWI amplifier used for
the experiment and from the power amplifier TWI. The pulse from
the power amplifier was adjusted so that it was somewhat shorter
in length than the pulse from the auxiliary TWT and was within
the TWT pulse on the basis of the time relationship. The range
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gate was adjusted to be shcrter in length than the pcwer ampli-
fier pulse and w7ithin this pulse. For the data shown, the selec-
ted signal lengths were 2, 1, and 0.1 microseconds The power
amplifier pulse length of 1 microsecond was finally selected be-
cause the spectrum for this pulse length was considerably cleaner.
Satisfactory resuits were obtained at a pulse length &s short as
0.2 microsecond. The signals to be cancelled were hoth directed
into the receiver so that an analog record could readily be made
of the results and so that the range gate could be used to sample
the signals over the same time interval.

For these tests, tne recorder was cperated in the manual
mode with the speed adiusted downward to the slowest operable
level . The recorder speed was nect constant, ard the recorder
occasionally stopped so that it was pericdically recessary to
mark time on the record to provide an approximate time base. The
majority of the data runs were wmacde at & frequency cf 1.C giga-
cycle. A few brief checks were made at freguencies of 1.2 and
1.6 gigacvcles > demonstrate stability that could be achieved
at move ~hsr cpe poiir. Mo sigrnificant variations in stability
were noted &t the uifies ent operatingz frequencies.

Shown in Figures 3-36 and 3}-37 are examples of the results
obtained in tests conducted by bypassing the transmitter TWT
amplifiers. These tests were conducted to verify the fact that
the instrumentation system was adequate to obtain meaningful
measurements. The two sigral level: were initially adjusted to
produce a signal level at the pnint marked 20 db; a 20-db pad
was introduced into the sy:stem so that an actual zerc-cb level
was displayed The cancellaticn level achieved was on the order
of 10 to 20 db btelow the level achieved for the overall trans-
mitter system-

The flat spots on the traces resultr from intermediate system
checks made without readjusting system parameters. The primary
ingstability effect observed is illustrated in Figure 3-37 This
effect marked the onset of a large system traunsient which intro-
duced a significant phase shift irto the test system; this shift
was due to a large frequency shift or a change in the operating
parameters of the auxiliary TWT axplifier. Because there was a
shortage of “ime for conductirg these tests, the exact source
and nature of this shift was not determined; consequently, no
long-term stability measurements were obtained The primary in-
stability effect apparently was initiated by power line trans-
ients. In every case, a good null could be realized by readjust-
ing the phase shifter. The cancellatien level achieved in this
measurement appeared to be a limit in the sense that the resulting
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noise level appeared to be essentially incoherent. This noise
level was evident on the null of the CRT monitor display.

Example results of the tests conducted by use of the overall
system are shown in Figures 3-38 and 3-39. In each of these fig-
ures is shown the occurrence of a transient which stopped the
data runs. The trace on Figure 3-38 was the best example ob-
tained. For this test it appeared that a noise level which had
been reached was caused by spurisus phase modulation of the sys-
tem TWT amplifiers. This noise level is probably at a minimum
because of the use of regulated power supplies in the RAT SCAT
equipment. No phase sensitivity tests have been performed on the
TWT amplifier used in these tests, but data on other tubes indi-
cate that it is possible to cause large phase shift variations
by smail changes in the electrode voltages. The phase shift re-
quired to cause the step in the trace on Figure 3-37 is almost
equal to the shift required to cause the step in Figure 3-39.

The signal level check record shown on Figure 3-38 can be used
to demonstrate that the relative level change is insuti.cient o
cause the cancellation level change observed.

To determine the relative phase of two equal amplitude sig-
nals at a given cancellation level, the expregsions developed in
Section 2 can be used. For a high degree of cancellation, the
phase accuracy required, A @, is given by

~ | 9¢c
4}

A

A curve of this relation is shown in Figure 2-8 of Section 2.
Except for the large transient phase change revealed, the phase
stability of the transmitter appeared suitable for the phase
measurement capability, which included frequency stabilization,
a similar transient phase change reportedly occurred; conse-
quently, a loop had to be incorporated in order to phase-lock
the signal at the power amplifier output.

39




f ~ Fixed Reference Scatterer
¢ ~ Coluumn

s ~ Sphere

Fig. 3-1 PHASOR DIAGRAM FOR COLUMN STABILITY AND SPHERE
CROSS SECTION EXTRACTION COMPUTATIONS
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Fig. 3-8 CUMULATIVE DISTRiBUTION OF PHASE CHANGE FOR

COLUMN-PLUS-CENTERED SPHERE AT1.616 GC -

HORIZONTAL POLARIZATION
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SECTION 4

DISCRIMINATION SYSTEM

This section contains & description of the discrimination
system implemented at the RAT SCAT site. This system is operated
in conjunction with the normal Band 4 RAT SCAT equipment comple-
ment to extract target data from measurements made in the pres-
ence of an extraneous ccherent signal. The theoretical basis for
the implementation and operation of this discrimination system
configuration is that target data can be anelytically extracted
by using a radar cross section and phase measurement of the
target-plus-background and of the background signal alomne.

The basic operations asscciated with the use of the discrimi-
nation system include (1) measurement of the phase and cross sec-
tion of the two signalis of interest, {2) insertion of this inform-
ation into the data extraction subsystem, (3) performance of the
required computations, and (4) production of the final output
data in the proper form.

This system was used to extract radar cross section data by
the measurement of a number of spheres and a sphere-cone as tar-
gets. The basic discrimination system componente required in
addition to the radar cross section measurements are included in
two subsystems: phase measurement and target data extraction.
The Aerosystems Laboratory at GD/FW designed and fabricated the
phase measurement subsystem equipments. A brief description of
the system components and operation appear in the following sub-
sections. A more detailed description can be found in References
5 through 8.

4.1 Phase Measurement Subsystem

The phase measurement subsystem is essentially separate from
the discrimination system in the sense that a specific capability
is provided through the implementation of the associated equip-
ments. With these equipments and the present RAT SCAT Band &4
equipment complement, both the phase and the radar cross section
of the return from a target can be measured and recorded.

Components of this subsystem include one console of phase
measurement equipment and a console of transmitter frequency
stabilization equipment; in addition, equipment in the present
Band 4 receiver and control console number 3 was modified to pro-
vide certain required functions and the overall integration
necessary for operationm.
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4.1.1 Phase Measurement

A block diagram of the phase measurement tie-in with the RAT
SCAT cross section measurement equipment is shown in Figure 4-1.
The cross-hatched blocks represent the additicnal major compon-
ents required for phase measurement.

Required inputs consist of a range-gated IF signal and an
IF signal which is phase coherent with the transmitted signal.
This coherent signal is first processed by the phase measuring
phase shifter and is then fed intc the IF amplifier system and
used as the reference signal for phase as well as for the sigma
servo system. Sufficient delay is provided to prevent mixture
with a received signal_  iUse of the signal and the particulars
of operation are the same for cross section measurement as those
when phase measurement is rot used. The amplitude difference be-
tween the reference and received signal is detected and used to
position the sigma shaft which is an analog representation of the
cross section level of the received signal. The phase difference
between the received I¥ signal ard the reference signal is de-
tected and used to drive the phase servo motor which drives the
phase shifter in a direction so as to reduce or minimize the dif-
ference in phase. Thus the position of the phase servo shaft is
an analog representation cf the phase shift of the received sig-
nal. A potenticmeter for the analog signal and a shaft encoder
for digital signals tc the RAT SCAT paper tape punch and the
target data extraction system digital signals are attached to the
sigma and phase shafts

The differential phase shifter is included to provide a
means of controlling the phase of the reference signal from the
front panel for calibration or diagnostic purposes A control
«nd the appropriate equipment are provided for returning the
radar system tc normal cperatiorn (no phase measurement).

4.1.2 Freguency Stabilization

Provision for frequency stabilization is necessary to pre-
clude the introduction cf large phase errors which can be caused
by frequency changes. This requirewent exists because of the
large path length difference between the signal of interest and
the reference signal and because the phase information must be
preserved through the receiver mixer Frequency stabilization is
accomplished by phase-locking the appropriate radar system signals
to a signal generated by a very stable crystal oscillator or a
frequency synthesizer. The frequency stabilization components
provide a stable signal which is directed to the transmitter
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driver amplifier, the 60-megacycle CW coherent reference signal
which is directed to the phase measurement consnle, and an error
signal which is used to control the frequency of the receiver
local oscillator. A frequency synthesizer is employed to provide
a stable reference input to a frequency synchronizer. The fre-
quency synchronizer is used to provide an error signal to the re-
ceiver local oscillator to control the oscillator frequency. The
60-megacycle coherent signal is alsc derived from the frequency
synchronizer.

The receiver local oscillator signal and the 60-megacycle
reference signal are used to derive the signal for the transmit-
ter driver. Since the trangmitter and local oscillator signal
must differ by the amount of the intermediate frequency, this
signal is 'side-stepped" in order to provide the difference
frequency. The frequency thus established becomes the transmitted
frequency after ampiificatior in the transmitter system. The de-
sign objective for stabilitv was one part in 108.

4.2 Target Data Extraction Subsystem

The basic components of the target data extraction subsystem
were supplied by Packard-Bell Computer as an integrated and
checked-out unit. The comporents are contained in two standard
equipment racks. Reference documents pertaining to these com-
ponents and the intercomnections were supplied by Packard-Bell
Computer. These component: and general operation of the subsys-
tem are discussed in the following paragraphs. A basic block
diagram of the zubsystem is shown in Figure 4-2. Figure 4-3 is
included to illustrate the ftie-in with sther RAT SCAT equipments.
Test computations performed with this subsystem as presently pro-
grammed indicated an accuracy of +0.1 d" &nd +1 degree for the
cross section and phase, respectively.

4.2.1 Subsystem Comporents

4.2.1.1 PB-250 Computer. The PB-250 computer unit includes
a basic memory unit package nf 2320 words which can be expanded
in units of 256-word blocks up to a total cf 15,888 words. The
PB-250 was supplied with 33C4 words c¢f memorv which is adequate
to store 3600 words of measurements or cowmputed data in addition
to programming. Only one wcrd is required for storing one
data point; this word is indexed with the azimuth angle, and the
phase and cross section data is packed intc the 21-bit words with
binary arithmetic.

4.2.1.2 Flexowriter The Flexowriter input/output device

8?
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is provided alcng with the basic computer, and it is used as the
primary control device for this subsystem.

4.2.1.3 Paper Tape Reader. The tape reader provided
is & high-speed tape (300 characters per second); it is used
to insert the programs and the measurement data (from paper
tapes) into the PB-250. The reader is set up to handle the RAT
SCAT 5-level teletype code, as well as the 8-level code for the
PB-250.

4.2.1.4 Paper Tape Punch. The high-speed paper tape punch
1s capable of recording 110 characters per second. It is used as
the subsystem digital data output device. The output tape will
provide azimuth data and computed phase and radar cross section
data in the RAT SCAT format in >-level teletype code.

4.2.1.5 Inpur/Output Buffer. The input-:output buffer is a
standard type which provides 38 para.lel input lines to the PB-
250. The signals availabie on these lines are supplied from digi-
tal shaft encoders within the crcss section and phase measurement
equipments.

4.2.1.6 High Impedarce Input Buffer The high impedarce
input buffer is provided to match the interface reguired for the
necessary RAT SCAT signals. A total of 40 parallel input lines
are provided with a maximum current load of 0 5 milliamrpere
(source or sink).

4.2.1.7 Digital/Analog Converter. The digital/analcg con-
verter is a 10-bit irput, twe-channel device which provides two
separate 0- to 10-volt signals for the RAT SCAT phase and sigma
analog recorders for the computed target data.

4.2.2 Subsystem Operation

The usuai sequence of operations is the followirg. The first
data run of interest ‘i e., sigma, phase, and azimuth data) is
placed in the computer memory directly on input lires from the
digital encoders. The second data rur. of interesz, from the same
source, is then placed into the computer, and the necessary com-
putations are performed in the time interval between the data
points. The expected data rate is nominally one sample per 167
milliseconds which corresponds to a sample each 0.l-degree of
azimuth at an azimuth rate of 0.1 rpm As the computations are
made, a digital and analcg signal representing the computed values
is normally provided. The computed analcg signals are plotted on
a RAT SCAT analog recorder on-line as the computations are made.
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Three options are available for punching the digital data on
paper tape. Two of the options are provided because insufficient
time is available to punch the paper tape between the data samples
on line when the rate of measurement of the data is high. The
first option is that of storing the digital data in the coumputer
memory and punching the output tape subsequent to the data runs
and computations. In this case, the original data run can be re-
tained in the computer memory, but a slower rate of data sampling
and recording will be required (e.g., 1.0-degree azimuth increment
samples at 0.5-rpm rotator speed). The third option is that of
repeating the computation at any later time by placing data into
the computer from the paper tapes which were processed during
the original data runs. In any event, provision is made to place
data into the computer memory and perform computations as an orig-
inal data tape is being read into the computer by using the tape
reader. An analog plot can be produced if computations are per-
formed off-line but no azimuth reference is available.
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SECTION 5

SYSTEM DEMONSTRATION DATA

A brief series of measurements was conductea to demonatrate
the operation of the discrimination system subsystems and the
overall integrated system. This demonstration was oriented pri-
marily toward demonstrating the basic capability of the system
for extracting the radar cross section of selected targets The
total task was considered tc include a systex demonstration and
a system evaluation A system evaluation procedure is outlired
in Reference 9 The demcnstration included (1) a check of the
accuracy of the computer program, (2‘' a check of the tie-in be-
tween the radar system and the computer, (3) phase measurement
equipment performance, and .4) extraction of the creces section
of selected targets tc evaluate the overali system.

The computation accuracy provided by use of the program was
determined to be *0 1 db and *1 degree for croses section and
phase respectively. During the initial tie-in checkou%, about 5
per cent of the data points were missed when a rotator speed of
0.1 rps and 0.1-degree azimuth increments weiec used. The missed
data points were attributed to the failure of the RAT SCAT paper
tape punch system, and associated inhibit signals, te respond to
a momentary speed-up of the azimuth followup servo. T»o obtain
more data points, the rotator was slowed to a speed cf about
0.075 rpm with the result that not over 1 or 2 data points out
of 3600 were omitted There was no indication of errors caused
by transfer of dsta points in any case checked.

The results of the measurements obtained by use of the phase
measurement subsystem and cverall discrimination system are pre-
sented in the fcllowing subsections. The majority of these meas-
urements were made by using the 1200-foot range at a frequency
of 1.51 gigacycles. The sensitivity of the radar system was in
the vicinity cf -65 dbsm. The only exception is that of the
vertical cylinder which was measured by using the 300-foot range
length.

5 1 Phase Measurement

Phase measurements were made on a closed ioop system, a RAT
SCAT midrange cross section reference ccrner, & rotating, mechani-
cally stable target configuration, and other selected target con-
figurations in an effort to obtain a measure of the phase stability
and accuracy tc be expected under the different conditions and
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obtain a measure of the effectiveness of using the midrange cor-
ner as a phase reference. The results of these measurements were
not conclusive because of 2aomalies observed althowgh observation
of the system, operated in conjurction with the radar range,
strongly suggests the use >f a phase reference. The observed
anomalies appeared as a phase change which was external to the
electronic equipments. Several data runs were aborted because

of large closing errors in the phase measurement data. The ob-
servations made during the brief time available for diagnostic
testing can be summed up as follows

1. Shert term closed loop stabiiity could be repeatedly
demcnstrated at times wher normal tests involving the
rarge configuration were totally unsatisfactory.

2. System stabilitv was greatly improved by operating at
night.

3. Remcval of excessive transwmission coaxial lines ard oth-
er fixed components oufside of the building improved
stability.

4. The apparent phase change cf various targets was uncor-
related.

5. The phase instabi.ity was more pronounced at a range
length of 1200 feet when the antenna was facing approxi-
mately west than that at a 500-fcot range length when
the anterna was facing approximately southwest.

As the demonstration tests proceeded, an effort was made to re-
cord the phase cf the midrarge corner at the beginning ard end of
each data run. Attenua‘crs were placed in the receiving system
during many of these data runs in order to simulate the indi-
cated signal levels ir terms of radar cross secticn. The noise
level appearing on the rhase cata is not necessarily character-
istic of the phase measurement system since its value is depen-
dent on a particular system setup, as vell as orn the signal
level and scatterer characteristics The scale setup used for
measuring the phase dara was specified tc be 4 degrees per minor
division. However, there are deviations from this ruie, and
care should be exercised it comparing these data.

The results of the measurements are interpreted in terms of
background improvement or cancellaticr level. The computations
were made by using (1} the phase measurement error data (by as-
suming no amplitude measuremert errcr was presenr) and (2) the
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discrimination system. The latter results were obtained vy plac-
ing two data runs on the same target configuration into the com-
puter. The data runs shown for comparison or stability indica-
tion purposes were irnitiated at irtervals of about 20 mirutes.

The closed loop stability data shown in Figures 5-1 through
5-3 are the start and finish of a continuous dsta run for 3 ro-
tator rotations or about 30 minutes. (It should be noted that
all figures in this section are located at the end of the text.)
No system adjustments were made during the rur.

It is of interest to examine some of the characteristics
exhibited by the phase equipments. The cumulative phase density
of the data runs shown in Figure 5-1 and 5-2 are shown in Figure
5-4. The bias of about 1 dezree which appears in the data could
have resulted from a setup error or system drift. This bias can
also be seen in the pbase error demnsitvy shown in Figure 5-5.
These data were obtained by taking the phase difference at each
azimuth point of the purched tape data. The cumularive phase
error correspending to these data are shown ir Figure 5-€  The
degree oi stability is indicative of the background reduction
capability of the basic equipment. The backgroirnd improveasent
computed from these phase data is shown in Figure 3-7 On a
90-percentile basis, the stabilicy is such that amplitude errors
may be the predominant error source from the standpoint of back-
ground improvement

The stable target used to obtain the data shown in Figures
5-8 through 5-13 was a 10-foot, 16-inch diameter cylinder placed
vertically on the rctator and secured by guy lires The disconti-
nuties seen ir the measured data are the resu.t cf a dead spot
in the analog readout poterntiometer which cccurred in the vicinity
of 352 to 360 degrees. The multiple phase tracez resulted from
two consecutive runs on the same chart; the midrange corner
measurement was used to reset the phase system prior to the sec-
ond data run. The data points superimposed on the trace of Fig-
ure 5-8 are included to illustrate the deviation of the trace
from a sinusoid These data were computed frcam the relation

¢ = ki + k, sin{@ + k3"

where § is the azimuth angle and the constants (ki) were evalu-
ated at the maximum and minimum excursion of the Run 1 trace.
The set cf data associated with Figure 5-10 were placed into the
computer and substracted to obtain the background improvement
trace shown in Figure 5-13 This trace was produced as taped
data was fed into the computer; consequently, the azimuth
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position of the trace is meaningless. The scale factors used in
conjunction with the irput data and the coaputed data were se-
lected so that the indicated improvement level would fall between
zero and 50 db cn the analog trace. A plot of the cumulative
background improvement is shown in Figure 5-1l4.

Data runs on the midrange corner are shown in Figures 5-15
through 5-18. At the start cf the second data run, the phase
system was reset to the initial reading for the first run. These
two data runs were substracted on-line to produce the trace shown
in Figure 5-19. The cumulative background improvemernt is shown
in Figure 5-20. It is evident from an examiratior of these data
that the stability of the corner is sui‘able for use as a phase
reference if the case illustrated 1is typical of corner stability.
By repeatedly lowering and raising the cormer typical mechanical
stability and positicn repeatability can be estimated; data from
these tests show a peak deviation in the return phase of no more
than 2 degrees. However, it should be noted that, at the onset
of the instability previously described, all scatterers in the
field exkhibit this instability to some extent. The bpackground
improvement computed by using only phase change data is also shown
in Figure 5-20 for comparisor with the results of subtracted data.
It can be seen that the results cf both computations are in good
agreement and indicate that the influence of the amplitude irsta-
bility is small compared t~ the phase instability even in the case
of mechanicaliy stable targets. As indicazed in Section 3, at
the higher improvement ievels the improvement predicted by using
only phase change information is optimistic

In addition to the above stability rums, a tumber cf runs on
more practical target configurations were made tc obtain a measure
of overall stability These data, shown in Figures 5-21 through
5-24, were obtained by using a 9-foct, 18-irnch diameter Styrofoam
column as a target The stability of the phase and the cross sec-
tion measurement is evident from an examinatior of this data. The
results of measurement made on a 9-foot, 7-inch diameter column
appear to be of more interest. This configuration exhibits the
lease mechanical stability of all targets used for a measure of
stability, and it also exhibits a low cross section The analog
traces of the measurements are shown in Figures 5-25 through 5-28.
The results of subtracting these data are shown in Figure 5-29.
The phase of the subtracted data is shown in Figure 5-30. The
azimuth position of these data is correct sirce the computations
were performed on-line. The computations in this case were per-
formed at 1-degree azimuth increments The phase change between
the two data runs is illustrated in Figure 5-31. These data were
obtained by comparing the punched tape data at corresponding
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azimuth positions. These daza were used to compute the back-
ground improvement shown in Figure 5-32 (it w&s assumed that no
amplitude error was present). The results of the subtraccion
shown in Figure 5-30 are also shown in Figure 5-32. A compari-
son of these data indicates that the computed background improve-
ment is optimistic when only the phase error is considered for
this low cross section level target. This feature may be attrib-
uted to the fact that the return from the bare background and
the low corss section columns is commcnly characterized by a rela-
tively large psuedc random component which may significantly in-
fluence the background improvement result.

It is of interest tc compare the results obtained from the
various stability measuremerts on the basis of the background
improvement concept. It appears from an examination of the sub-
traction data shown in Figures 5-14 and 5-20 that the background
improvement resulting from measurements orf a stable scatterer is
very nearly the same, but wher it is compared with the small
Styrofoam column results {(see Figure 5-32°, there is about a 10-
db degradation. However, or the basis of phase stability statis-
tics and the assumption =f nc amplitude error, the theoretically
predicated improvement obtained for these three targets are very
similar. This similarity indicated that, on a statistical basis,
the phase characteristics exhibited by the system are relatively
independert of the target cross secticn levels arnd ccnfigurations
considered; whereas the amplitude statistics are not An exami-
nation of the closed lcop backzrcund improvement iilustrated in
Figure 5-7 indicates that this phase behavior is characteristic
of the overall s¢vstem rather tnan the electronic eguipments.

The background improvemeriz realized by use of the experi-
mental equipments can be compared with the theoreticallv preiicted
results presented in Section 2 throcugh a comparisorn cof the experi-
mental data results shown in Figures 5-20, 5-31i, and 5-32 and the
theoretical data shown in Figures 2-9 and 2-10. The statistical
properties of the experimental data were defired by assuming a
normal and uniform distribation of the error comperents although
an examination of the phase change data shown in Figure 5-3! indi-
cates that the distributicon is clearly more rearlv rcrmal than
uniform as suggested in Section 3 The assumptiors used ir the
theoretical analysis included the specificaticn that the statis-
tical properites of the amplitude and phase components be equal.
In the case of small errors, the statistical prooerties of the
two error components are approximated by those ci the phase alone
as can be seen from an examinatior cf Equaticn 2-4. In the case
of a rormal distribution and the above assumpticrs, tne experimen-
tal subtraction results in a background improvement of 25 ¢ and
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19.0 db for the 50 and 90 percentiles, respectively; this im-
provement represents a favorable comparison with the theoretic-
ally predicted values of 20.8 and 15.6 db. Using the small Styro-
foam column data results in improvemert values of 14.5 and 11.3
db for the 50 and 90 percertiles which represent such a favorable
approx .mation of uniform distribution. Extending the linear por-
tion of the experimental cumulative data curve to obtain the end
points of the uniform distribution results in obtaining a theo-
retical background improvement cf 15.8 and 3.3 db for the 50 and
90 percentile; whereas the subtracted data irndicates values of

25 and 11.3 db in the case of the reference corner stability data.
The use of the small Styrofoam column data produces theoretical
50 and 90 percentile values of 21.3 and 2.3 db; whereas the sub-
tracted values are 14.5 and 11.3 db, respectively Thus it can
be seen that the values obtained for an assumed uniform distribu-
tion cannot be satisfactorily compared with the subtracted data
background improvement because an optimistic estimate is obtained
at one point and a pessimistic estimate at another point. The
assumption of a normal distribution results in a favorable com-
parison between theoretical and experimental background improve-
ment probabilities in the case of the data examined. Additlonal
comments on the nature of the system phase behavicr and influence
on the extraction accuracy appear throughout the remainder of
this section.

5.2 Sphere Cross Section Extraction

The cross section of a series of zpheres waz extracted from
data obtained when Styrofoam columns were used as suppcrt. The
results are interpreted in terms of the distributiorp of cumulative
error relative to the theoretical sphere cress secticn in the case
of both the subftracted values cof the combined target and mount
values. The discrimirnation system was used tc extract the cross
section of 2-, 7/8-, 5/8-, and 1/2-inch diameter spheres. The
spheres were each offset from the axis of rotation by about one-
half wavelength Operation under this condition generally re-
sulted in a wide variation in the cross section trace obtained for
the combined target and mount and also in a wide variation in
the relative phase cf the data cbtained on target-plus-mount and
that obtained on the mount alome. Thus the subtraction of the
sphere data should be considered a severe test of the performance
of the discrimination system.

Three sets of data were obtained by using the 2-inch diameter
sphere in conjunction with the large 18-inch diameter Styrofoam
column menticned in Subsection 5 1 These data are included in
Figures 5-33 through 5-53. The theoretical crogs section of the
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sphere target is artificially superimposed on each data run. The
cumulative error curves are shown for each case. The third set

of data was recorded and processed in l-degree azimuth increments.
It is evident from an examination of the computed sphere data that
there is a variation in the results that can be obtained. This
variation is attributed largely to inaccuracies in the phase data
used in the computation. Since stability problems are necessarily
associated with time, an indication of the influence of stability
can be seen from an examination of data sets 2 and 3, ir which a
total time of 30 minutes and 5 minutes was expended, since they
represent the worst ard best results, respectively. An estimate
of the phase behavior over the period of time required to obtain
data set 2 in the case of the 2-inch sphere can be seen from an
examination of the data shown in Figure 5-54. These data illus-
trate the phase error as a function of azimuth position (time).
They were obtained by comparing (1) the measured phase difference
between the data runs made on target-plus-mount and the mount
alone and {2) the phase difference required to compute the known
sphere cross section by use of the measured cross section values.
It is noted that owission of amplitude error effects can severely
influence these results in some cases. A random couponern‘ and a
monotonic drift component appear in these data. These data, and
the fact that the phase data obtained during the two data runs
diverged, suggest that a correlation factor car be applied to re-
duce the net error. Figure 5-55 contains an illustration of the
results of using a correction term which is defired under the
assumption that the phase error increases uniformly from a zero
value at the start cf the data run te the value cf rhe ret phase
closing error at the end of the run. In this figure, the error

in the computed sphere value is shown without the correcticn factor
for comparison. The improved accuracy realized bv using this pro-
cedure suggests that incorporation cf the appropriate correcting
procedure in the data processing could be used o0 increase the sys-
tem accuracy. The sensitivity cf the computed cross section to
the relative phase of the two basic data runs, discussea in Sec-
tion 2 and illustrated in Figures 2-il through 2-13, is illustrated
in Figure 5-36. Ir this figure, an approximate measure of the
reiative phase of the target:plus-mount and mour data runs is
superimposed on the computed cross section trace of Figure 5-42.
As predicted ir Section 2, the error in the subtracted rescl: is
minimized when the relative phase is about 180 degrees and also

at about zero degree since the mount and target-plus-mount cross
section differ significantly. An interesting observation is that
good accuracy is commonly realized when a null in the target-plus-
mount data occurs. This effect apparentlv results because the
mount phase is reasonably constant and the phase of the target-
plus-mount return approximates the phase of the target return
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The data points superimposed on the computed sphere phase in
Figure 5-53 are included to illustrate the deviation of the com-
puted phase from a sinusoid. No effort was made to achieve any
type of best fit.

A series of smaller spheres of 7/8-, 5/6-, and 1/2-inch diam-
eter were used in conjunction with the small 7-inch diameter Styro-
foam column, discussed in Section 3, to obtain the data presented
in Figures 5-57 through 5-84. These data are presented as examples
of system performance at the lower cross section levels. A cumu-
lative error curve of the cross section values is shown for each
case. In considering the limited number cf data samples, any cor-
relation between these error data for different cases may be masked
by the system noise level, including random phase and amplitude
inatability, or other phenomena. System sensitivity may have sig-
nificantly influenced these results. The cumulative cross section
error distribution obtained for all sphere measurements is shown
in Figure 5-84 for comparison

The errcneous constart value which appears in the vicinity
of 340 degrees of azimuth in Figures 5-59 and 5-62 resulted from
a temporary system malfunction; the computer program was subse-
quently modified, and this phenomenon did nct appear on subseguent
data runs.

One interesting feature of the data is an apparent coupling
effect which appears on the data. This effect is suggested by
the apparently excessive sgsignal level on the target-plus-mount
trace when this level coincides with a null in the return from the
mount alone. Example data pcints taken from the punched paper
tape obtained during these runs is shown in Tables 5-1, 5-2, and
5-3. In these tables, the measured mount-plus-target data is shown
with the corresponding maximum signal level theoretically realiz-
able. This maximum signal level was computed by using the measured
column cross section and the thecretical sphere cross section and
an assumption of constructive interference. The maximum error in
these data attributable to measureasent error is estimated to be
about 0 5 db; an excessive signal level of 1 to 2 db is common in
the data shown. The system may be considered as comprising a high
Q system, sensitive to perturbations introduced by the sphere tar-
get, because the low cross section columns commonly used are tuned
in the sense that the specular component of the return is greatly
reduced by achieving a specific normalized electrical diameter
determined by column physical diameter, bulk electrical properties
(dielectric constant), and operating wavelength. The influence
of coupling cannot be estimated without a more extensive measure-
ment program.
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Table 5-1 MEASURED AND MAXIMUM THEORETICAL
CROSS SECTION LEVELS (Half-inch
Sphere Shown in Figures 5-/7 and

5-78)
Cross Section
Azimuth Angle (dbsm)
(degree) Measured Maximum Theoretical
80.5 -55.2 -55.5
80.1 -55.2 -55.5
79.7 -54.2 -55.4
79.3 -53.2 -55.2
78.9 -52.3 -55.3
63.3 -53.2 -55.4
62.9 -53.8 -55.5
62.5 -53.3 -55.3
62.1 -53.2 -55.6
61.3 -54.0 -55.5
59.3 -53.7 -55-5
58.9 -53.3 -55.5
58.5 -54.3 -55.5
58.1 -54.0 -55.5
57.7 -55.5 -55.5
50.5 -52.4 -55.5
50.1 -51.2 -55.2
48.9 -52.8 -55.0
48.5 -52.2 -54.7
48.1 -51.9 -55.3
281.0 -53.1 -54.5
281.3 -53.2 -53.6
280.9 -53.2 -53.8
280.5 -52.6 -54.3
280.1 -52.6 -54.2




Table 5-2 MEASURED AND MAXIMUM THEORETICAL
CROSS SECTION LEVELS (5/8-inch
Sphere Shown in Figures 5-70 and

5-71)

Azimuth Angle

Crosa Section
(dbsm)

(degree) Measured Maximum Theoretical
60.1 -49.0 -50.4
59.7 -49.1 -50.4
59.3 -49.2 -50.2
58.9 -48.9 -50.0
58.5 -49.7 -50.0
56.9 -49.3 -50.4
56.5 -49.0 -50.4
56.1 -49.8 -50.6
55.7 -49.6 -50.6
55.3 -48.7 -50.6

298.9 -48.6 -50.6
298.5 -48.8 -50.6
298.1 -48.6 -50.6
297.7 -48.7 -50.8
297.3 -49.0 -50.6
290.9 -48.9 -50.4
290.5 -48.4 -50.4
290.1 -48.2 -50.2
289.7 -48.1 -49.5
289.3 -47.7 -49.2
220.9 -48.6 -50.6
220.5 -48.2 -50.7
220.1 -48.3 -50.6
219.7 -48.7 -50.8
219.3 -48.9 -50.5
216.1 -48.7 -50.2
215.7 -48.4 -50.2
215.3 -48.2 -49.9
214.9 -48.4 -49.8
214.5 -48.3 -49.6
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Table 5-3 MEASURED AND MAXIMUM THEORETICAL
CROSS SECTION LEVELS (5/8-inct
Sphere Shown in Figures 5-64 and

5-65)
Cross Section
Azimuth Angle (dbsm)
(degree) Measured Maximum Theoretical
290.2 -49.9 -50.6
289.8 -49.9 -50.6
289.4 -49.3 -50.6
289.4 -49.5 -56.6
288.6 -49.8 -50.6
288.2 -49.8 -50.6
287.8 -49 8 -50.6
287 .4 -49 9 -50.5
287.0 -49 .7 -50.4
286.6 -49 .8 -50.2

5.3 Sphere Cone Measurement Results

As previously indicated, a 30-degree, 5.1-inch diameter
sphere-cone was used as one of the targets in the demonstration
of system operation. The sphere-cone and target cross section
mount are shown in Figure 5-85. The target cradle was designed
so that the target could be easily placed on and removed from
the cradle. No guy strings were attached to the target. Since
the target is a body of revolution and exhibits no large gradients
in cross section, target orientation problems were insignificant.
Except when indicated, data were obtained at 0.l-degree azimuth
increments. As in the case of the sphere data, no special effort
was made to obtain data suitable for any significant analysis of
the computed phase results.

Data were obtained by measuring thc sphere-cone placed on a
large cross section mount at both vertical and horizontal polari-
zation. The subtracted result was then compared with similar
measurements on the sphere-cone “y using a low background column
hereinafter referred to as the reference for these data. The re-
turn from this column was everywhere greater than 20 db below
the return from the sphere-cone.

The low background reference measurement at vertical polari-
zation is shown in Figure 5-86. Analog traces of the two data
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runs reguired are shown in Figures 5-87 through 5-92 along with
the computed results. As in the case of the previous data, the
runs were started at 180 degrees, at the bottom of the polar dia-
grams, and at the right cf the rectilinear diagrams. The rotator
direction was clockwise. The four cross section traces associated
with a data run at vertical polarization are shown artificially
superimposed in Figure 5-93. The low background measurement

trace was rotated in azimuth to obtain a good fit. The differ-
ence between the computed and the measured low background cross
section is small over most of the pattern and at & maximum in the
vicinity of nose-on. It will be observed, however, that the
nose-on cross section of the sphere-cone is about 4 db below the
column cross section and that the error of the mount-plus-target
measurement is also a maximum, about 7 db. The magritude and
direction of the closing error in the computed cross section trace
is attributable to the small phase closure error which can be

seen in Figures 5-90 and 5-91. A measure of the improved accuracy
in the determination of cross section is shown in Figure 5-94.
Shown in this figure is the cumulative prcbability density distri-
bution of cross section error relative to the low background
nmeasurement of the sphere-cone in terms cf the computed and target-
plus-mount values. An examination of these data will reveal that
the median error values are 0.6 and 2.€5 db in the case of the
computed and measured values, respectively. At the 90 percentile
points, the error values are 1.35 db and greater than 5 db. It
should be noted that the reference cross section is measured quan-
tity which is subject to ordinary cross section measurement errors.
In this range of cross secticn values, the accuracy specification
for the RAT SCAT range is +1 db although a somewhat higher accu-
racy can generally be demonstrated with measurements on & series
of spheres under low background conditions (see Reference 10).

Data resulting from measurements made by using heorizontal
polarization are shown in Figures 5-95 thrcugh 5-115. Three sets
of data at this polarization are included to illustra*e the re-
peatability, at least in a statistical sense, of this type of
measurement. In this series of data runs, the target was care-
fully placed on and removed from the mount co as to minimize dif-
ferences resulting from physical displacemen: of the target con-
figuration. The sphere-cone phase excursions were greater at
horizontal polarization and resulted in a sharp null at one point
in the pattern. This null appears on the pattern in Figures 5-96,
5-103, and 5-109. The target-plus-mount patterns are essentially
the same for each set of data. Crcss section data from Figures
5-95 through 5-98 is also presented in Figure 5-102. As in the
horizontal polarization case, phase drift is ip such a direction
as to introduce the closing error of the computed cross section
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(see Figure 5-99). It is noted that the 13-db null resulting from
interaciion batween the target and mcunt was reduced to less than
0.5 db relative to the low background measurement data. This re-
sult is at least in part explainable by means of the discussion

in Section 2, i.e , the difference in the phase of the two data
runs is in the vicinity of 180 degrees where the computed result
is relatively insensitive to phase errors. The large computed
phase closing error is attributable to the basic phase data error
and the cross section closing error which appear in Figure 5-96.
Additional data runs obtained at horizontal polarization are shown
in Figures 5-103 through 5-114 In each of the data sets the low
background sphere-cone cross section data are presented for com-
parison. The digital data, used for computation, was recorded in
l-degree azimuth increments ir the case of the data shown in Fig-
ures 5-109 through 5-114. The apparent steps in the computed data
result from the fact that the analog output of the computer is
held constant until a new value is computed. It is noted that the
computed cross section is consistently higher than the low back-
ground cross section. This feature can be explained by an exami-
nation of the phase data obtained during this run and shown in
Figures 5-112 through 5-113. Data obtained from the previous

runs at horizontal polarizaticn are superimposed on these figures.
Comparison of phase data in these figures illustrates possible
variations of the phase through a data run. The total time span
for obtaining these phase measurements was abou” 1.5 hours. The
offset in the phase data, illustrated in Figure 5-113, appears to
be the reason for the bias in the cross section data shown in
Figure 5-111. The phase system was reset by using the midrange
reference corner return phase prior to each data run. As discussed
in Seztion 5.1, the phase variation appears to be psuedo random

in nature; the exact source or sources of which have not been de-
termined.
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Fig. 5-7 CUMULATIVE CLOSED LOOP BACKGROUND IMPROVEMENT

FOR NO AMPLITUDE MEASUREMENT ERROR
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Fig. 5-27 CROSS SECTION DATA FOR A SMALL STYROFOAM

COLUMN - HORIZONTAL POLARIZATION
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Fig. 5-34 MOUNT CROSS SECTION 1 FOR 2-INCH-DIAMETER
SPHERE - VERTICAL POLARIZATION
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Fig. 5-40 TARGET-PLUS-MOUNT CROSS SECTION 2 FOR 2-INCH-
DIAMETER SPHERE - HORIZONTAL POLARIZATION

139




- i .
d b
pafE A DIVHOPUELIT Nl
SRR g IR =T B
TOMAN ATS, N

S SATINT T AT P S
v omigsts

7w $awt T

. \". /_:_ ; _A?‘“"(":LL"&:N

Fig. 5-41 MOUNT CROSS SECTION 2 FOR 2-INCH-DIAMETER
SPHERE - HORIZONTAL POLARIZATION

140




>0 L owe an nemorendemn g,
WLt S el -tad T 4
X L marT e TN P
it ; ’ ‘ 4T Qryzddho- o T g
pasg 2 ¢ V,,(.zﬁ;?.uat o© j
) SRR ST (X & SR [
. COMACIAT N YLUTATC e e
/ﬁ?ﬁv_s WAl Odba: - ‘
e ar AT A /

L ‘-—.‘VY‘ P

Fig. 5-42 COMPUTED CROSS SECTION 2 FOR 2-INCH-
DIAMETER SPHERE - HORIZONTAL POLARIZATION

141



. e v - ;35 3 5 e £ 5 2 e
e Tl w s % T..L..:.M... . _ . _W = 74
s s 1R 0 G R S S e I S
it _ Lo P T ,;... n...muw..&,.“:” b e 1
: ..,4,. i il TR Dl d i ek hooetd ”

i | Db o LN = sl Bl Naen ; =F ; SEF

= = SSADIT I ol m e = 5 - Lw 2t
TR T LT T SOl (.~} (i i coung : S i ol
A L =t w - e

rcl..l N N - ANDR | 1 s - u = « }-

i TR TP IR

el - ”v J
R E 2

S SO Q) S S .
;

St 0
P ETIT) SO
e

»

FENC TR VR O RS

L S e I e e
e s bt (e e e

) |t

: : . §< 538 An W
...... feee i ee +- 0. -
s | ) iih e
._W .~ ¢ . m: s
TR Bl I W e -
. 3 e s .
‘W . : L4 . ” -. q.
: - &y wlba =Y !

5.0

4.0

b

r ]
ERROR, A0 - d
2 FOR 2-INCH-DIAMETER SPHERE - HORIZONTAL

Fig. 5-43 CUMULATIVE CROSS SECTION ERROR DISTRIBUTION
POLARIZATION

142




NOILVZI¥VIOd TVINOZTEOH -+ FYITHdS JIALIAWVIA
HONI-Z ¥0d 7 dASVHd ILNAOW-SO1d-LADAVI %H-S 314

' . 1
- §sk =i i SRS g § o e Sy
§ )
1 I
A5 SN S SRV SOOI (SO (S |
*““1-—‘__.___-_.__-
I
|

DU SR R RN \ 1 2

2 ,
A v ?
S8 )
- ~A
'y ~
Py 3 (2] * +
i ; s
¢ v 3 3 J
o
s2 L I T :
3 e
< g ¥ e R S
- 7 o by
1: 2 eV
e TR Y:

TR .

W

143



NOIIVZIVVIOd TVINOZIYOH

- AYAHdS YALIWVIA-HONI-Z ¥04d 7 HFASVHd INNOW SH-S¢ °"B1d

- e v

HINY KIWITY
»

: 2 T ” T A : : T 5 ol 4. :
¥ S h 20 S - oy o " o
. P : | P : . : .
ghes - : i 3 ! ; : 3
| ! ¥ 1 B < c e “ 8
—t N o S | SR O DT O S SO = S R | T ] U S . 3
N 3 i . i i . i 2 -
i | fte t | ot : J ] 3
. - Lo . + 3 N .
Z ; i . ; :
_M | | N | L |
” : A | ﬂ

- B
. .
.
P A .
S — — = <r - N
! : ! o M i
' ¢ - : L] |
i . : : .
. 1 ’ o . '
! i a .
: . i . i M
: = Lo 3 - g i - s
” ' 1 : 1
' 1 r - - + r ‘
! H i i .
. ! T hE '
i i ] P b
4 c i .
' . : !
4 .‘m - - .
— = wan —
& ’ . . . it
- £ shy afoec or g 2 5 3
= T > ! ! i ¥
s * 1 .u = 4 4 {
s ) ; ) 5 h ; 5
= - . + B 25 . &
! . - | : i b 5 .
3 — L i o s i P —— a N - i ~ - = & Qy o
T T z : : i ! } p <t .
3 =2 o Vo > ! (% i ;
4 NN 3av Nwa ‘g b “ N n + [
St Y . + i s .
[ETEIR T BESET i~ ¥ i 8 t i p
' 4 t M




NOILVZIYV1Od TVINOZIMOH - IWAHIS
YILIWNVIA-HONI-Z ¥04 ¢ dSVHd QIINAWOD 9%-S “B1d

CONY MDY

9 ; - T T T : ;
ﬁ .nw.‘ . w., waras / e . ocr # : i . £ ou
[t t : _ il i 2 ’ : ; 2 L ] 3
B e S 4 o=s el . ‘ j i . ! £ 1 :
m 5 H . | o . ! . 4 F . w . |
e e e ¢ i i 4 S e = S5 ke e & (e Sl e o RS S T Ty et SETIEE e
| SR | R A P SEPT B B n :
S . : ! . . : ; . “ : ! i
i i M ® pooo . ﬂ t ] ! 3
S ‘ ! : ‘ ! : ! ; .
: « s 1 : : : ” , et
' t I I : : Vi " :

i ! : i i , m C :
= | H : Po\e f a ! “ ; ;
e “ -  — s | st : o
: ! d ] ~ :
# ~ t t 1 . .
¢ § | 1 i ' ;
[ ' 1 ! i ; i ! f
! e 1 : . !
% : " : :
H : t : - .
w sl “ PRT R : ' “
t : | : ! i i
+ .. ¢ L e ot S ;
Baee S e SRV SR SO . . s e i
- . + ¥ . . '
[ 3 ¢ LGP :
} . g <
RO et Efie :
oo ” S "

|
. L

SRR T, 'S SRR

B :
| y : ”
' h i : s
<} Henw 4 0 i e = f & bt e N be e Whaweie B ps pemesds RE wawll a0 Eeel s @osree Ga wesee
' : i .
: H aef ROR - ) R (L . M) (SRR i !
I N R S, I
‘‘‘‘‘‘ i vt S e '
i Z Ty s xSl tilenin Ryl hbiEN s i
! i i ! 2
; ; -1 ) - . . S ! b s
357 1230044 .VIS iva 4 . t . LR SRS O R SR L B s R A R K (o of i
SN INIREOTIAN arY IWOR ! ! m H b o e % ok E3 . P m tm
; : ¢ foos
1 i il 1

145



{

w...#...w..i«.‘)g_u,...m..

Fig. 5-47 TARGET-PLUS-MOUNT CROSS SECTION 3 FOR 2-INCH-
DIAMETER SPHERE - HORIZONTAL POLARIZATION
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Fig. 5-48 MOUNT CROSS SECTION 3 FOR 2-INCH-DIAMETER
SPHERE - HORIZONTAL POLARIZATION
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Fig. 5-49 COMPUTED CROSS SECTION 3 FOR 2-INCH-DIAMETER
SPHERE
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Fig. 5-66 COMPUTED CROSS SECTION 1 FOR 5/8-INCH-
DIAMETER SPHERE - HORIZONTAL POLARIZATION

165



NOILIVZI¥V10d TVINOZI¥OH

d¥dHdS ¥3iL

JWVIAd HONI 8/G ¥0d 1

JSVYHd

o

INNOW-SM1d-I1AD¥VL  L9-S

*814

PO SRR s
e

3

- -

P

- ¢

=k

T T W JuviSH T NOUYTIIVIO4
TTOE AT IWU T I7TT aNNDIN
TFTTATINGG THYFE T wuva
T B S J76 N 104INOD
WN WY NYWOTION | 451V
€CST LOIO8d L¥VIS Lve
A3UNID INIWGO 3AIT 31V IWON

S

166



NOTILVZI¥VIOd

"TVINOZIYOH

JYIHAS

YILIWY IA-HONI-8/G6 ¥O4

NONY 1wy

1

dSVHd

INNOW 89-6

‘814

o0

PR

Phed ey e

1
13
1
i
1
i -
!
. '
|
}
) 2088 > ool I P
N ; h .
N A o ! . : '
sfigecfieee §8° = 3§ i 5 :
e p e . . .4 RIS + . -
Y { SRR .. : ) .
AV U S .
el JEEISNND B . o
0580 oofooa 080 goocado @ o o 5 '
ol L T H
Lo Sy SRR RN ¥ - * . .
s e g — Ll o8 . - . o H
2 47 2 * - “ u ~ 2 -' o Srem G e b S & Mt
- XL TP gEaT IR IDOURD POULERRTE SbEDY INOCIPMMER
| H : :
T S0 TR 0veNG 5060] TR [ C ' : 0
s O WS FTUNGuvnevios RSN SRR RS R A =0 = { :
T 3G AT AL T O7ET AN R R S o : } : o
TATM A 3T v - Sheelopeeelien 2ag)e s TR SR -
TTUTTIFIDIET ON 10003 e 2 o i ° 8 ’ t : s
WN §2¥Y NYWOTION | 451V m.l.A.A .. ‘e “ 0 -k . .
€OS® LIIrOse 1VIS Lve Ccaccd 5do a S H . B 5 5
LI INIWEOTTAID WY WO 8B omoofbonaogo o % 0 o 0
5550 el o . : ;




NOILVZINVIOd 'TVINOZIYOH - JYIHdS
YILIWNVIA-HONI-8/G ¥Od T dSVHd QILNAWOD 69-S °B1d

1NV winwly
T to0

LT T e

&‘1.‘.?& :71‘31.
R s
e
'
»

i

. ,43._‘_.._;..-.4_“;;;.;-

B EOSS SoCR IS

12 ;z‘zu:mt [ERPVERTE. S8 e rE St Py Y e P e 9

168

g0 b

N Rl

3 @ Wiy e

i
i
’
b

1
|
w NSRRI I

winp



Py, R 0
"Cha,'N_‘ 'no’ 1. b
CRIAL eiitiing A GURTLD

Fig. 5-70 TARGET-PLUS-MOUNT CROSS SECTION 2 FOR
5/8-TNCH-DIAMETER SPHERE - HORIZONTAL

POLARIZATION

169



Fig. 5-71 MOUNT CROSS SECTION 2 FOR 5/8-INCH DIAMETER
SPHERE - HORIZONTAL POLARIZATION
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Fig. 5-77 TARGET-PLUS-MOUNT CROSS SECTION FOR
1/2-INCH-DIAMETER SPHERE- VERTICAL
POLARIZATION
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Fig. 5-86 LOW BACKGROUND SPHERE-CONE CROSS
SECTION FOR VERTICAL POLARIZATION
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SECTION 6

SUMMARY AND RECOMMENDATIONS

The feasibility of a target, target-plus-support, cross
section discrimination system, based on a theoretically derived
algorithim, has been experimentally demonstrated for measurements
in L-band. The theoretical and experimental investigation was
successful from the standpoint of {1) the overall performance of
the system implemented at RAT SCAT and (2) the correlatior ob-
tained between experimental and theoretical results. The results
of the demonstration indicate that in the case of relatively large
signal levels (approximately -30 dbsm) and mechanically stable
target configurations, target cross section can be extracted to
an accuracy of about 1 db 90 per cent of the time; in the case
of smaller signal levels (approximately -60 dbsm) and relatively
unstable target configurations, this error level rises to about
3 db. A cross section error cf abcut 7 db, resulting from the
influence of the target support system, was reduced to about 1 db
in the vicinity of ncse-on, in the case of the sphere-cone tar-
get, by use of this discrimination system. This result was obtained
with the target cress secticn about 4 db below that of the mount
cross section.

The primary scurce of error in the discrimination system
appears to be phase instability unoct associated with electronic
phase equipments. On the basis of ampiitude and phase instability
of the overall system, the 90-percentile background improvement
capability is in the vicinity of 13 db and 11 db for the above
cited cases, respectively. The corresponding measure of perform-
ance of the phase measurement electronic eguipment is 25 db im-
provement. These data are based on measurements made over a time
period of approximately 0.5 hour. These conclusions are based cp
a limited amount of data and exceptions to the stated cases can be
found. Test results indicate that the degradation in accuracy
of extraction with decreasing signal level is primarily caused by
Increased amplitude instability at the lower levels rather than
increased phase instability

The computation subsystem accuracy of +0 1 db and +1 degree,
with the program provided, is compatible with the cveral. system
per formance.

The results of preliminary tests (Seciion 3) indicate that
the performance of a similar system implemented at Band 6 (4 to
8 gigacycles) will still provide a resconable background
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improvement even though frequency and support movement stability
requirements are more stringent. However, it is recommended fur-
ther testing be conducted before implementing a system at a higher
frequency. The type of tests outlined in Appendix II are expected
to be adequate for estimates of system performance. In addition
to these tests, it appears necessary to conduct a measurement
program to isolate the source of the phase drifts that result from
some phenomenon outside of the electronic equipment. There is
some evidence that this phase drift is related to temperature
variations. In the event the problem is in the antenna complex,
it may be necessary or desirable to insulate external system RF
components or replace certain components with less temperature
sensitive devices.

The data presented herein on the existing system are the re-
sult of a limited system demonstration program. It is desirable
to conduct a more extensive program to provide a complete and
detailed evaluation of the system. The proposed program should
include tests to evaluate the influence of such features and phe-
nomenon as long-term system stability effects, support system de-
formation, target guy lines, and coupling between the target and
support system. An evaluation program is outlined in Reference 9.
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APPENDIX *

TARGET SiIPPORT CANCE_LATTOM SYSTEM

The block diesgram of a target sapport cancellation system is
presented in this appendix. The system was conceivec by Conduc-
tron Corporation and work was initiated as a subcontracted effort
under the RAT SCAT R&D program. This effcrt was cancelled in order
to place more emphasis on the discriminatiscn svstem supplemented
under the R&D program.

The cancellation system is jllustraced in b:ock diagram form
in Figure I-1. The svstem was to operate ir ccnjunction with the
normal RAT SCAT equipment complement. Ir this system, cancelila-
tion is achieved at the inte-rediate frequency (IF) level. A
stable IF oscillator is 3«2 % a ccherent reference. The stable
IF modulates the stable rau  ’reguency (RF! carrier in the single
side band modulator to provice a sum frequency output tc the
transmitter. This sum frequency is then pulse modulated and trans-
mitted. A portion of the stable IF is pulse gated ar a time slightly
before the recepticon cf the batkgrcound signais of interest Two
adjacent puises identical to che transmitted pulse width are se-
lected from the tapped delay line sc¢ *hat background cancellation
can be achieved over an i~terval before and after the target range
of interest. The two pulses are passed through attenuators and
phase shifters and then summed with the [F background signals.
Proper adjustment of rhe attenuazors and phase shifters .ill pro-
vide the background cancellation. The cutput indicator can be
either an oscilloscope ¢f the Scientific Atlanta pager chart re-
corder.

In order ro achieve successful cancellation by use of this
technique, it is recessary that the ~ancellation eguipment e free
of amplitude, phase, and time jitter It may oe necessary :o
synchronize the timing unit with the stabtie IF cscillator  Back-
ground reduction on the ocrder of 20 db is expected wher this IF
cancellation technique 1is used.

For use in the cancellatior system, the Band 4 ¢ | to Z giga:-
cycles) transmitter-receiver units must be wmodified for coherent
operation to provide a phase measurement capability  With these
modifications incorporated, a stabilized transmitter master oscil-
lator, & stabilized local oscillator outp=t, and a stable 60-umega-
cycle coherert signal would be phase-locked to the transmitter
output. (NOTE. The above rejuirements are essertiallv identicail
to those specified for the discriwminatior svstem implemented for
Band 4.)

¢:9




A block diagram of the RAT SCAT equipment with the addition
of the coherent signal source and the IF cancellation system is
shown in Figure I-2.
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APPENDIX II

PHASE STABILITY TESTS

This appendix contains a description of a number of tests
which can be used to obtain a measure of the suitability of radar
systems for phase measurement or system or component phase sta-
bility. Phase stability in some sense is required in any system
in order to reduce the influence of undesired coherent signals.
The tests described are oriented toward evaluating the RAT SCAT
equipments and the use of available RAT SCAT instrumentation, but
the concepts used hereir appear to be valid for general applica-
tion when they are appropriately modified. The tests were con-
sidered for system evaluation under the RAT SCAT R&D program.
Because of the time limitation prior to implementing the final
discrimination system, only the transmitter stability and the
fixed scatterer reference tests, discussed in the following sub-
sections, were conducted.

As discussed in Section 2, the degree of stability and the
components for which phase stability is required are dependent
on the type of signal reducticn scheme tc be implemented. All of
the tests discussed herein are based cn a comparison of two sig-
nals. The assumption is made that system amplitude stability is
adequate. The two signals of interest can be written as

ec = (2 Egcos (e +wild +g) (1I-1)

2RAaw
c

eg = |2 Eg cos (W + + 9, ) (11-2)

where the t and s subscripts denote target and reference, re-
spectively. The 2 Ad w/c term represents the efiect a shift in
the physical position, A d, of the target. The 2RMW/c term is in-
cluded to represent the effect of a frequency shift over the range
length, R. 1If the reference signal is provided in the vicinivty

of the target (e.g., from a fixed scatter illuminated by the radar),
the effect of this term can be essentially eliminated.

Problems that are not illustrated in Equations II-1 and II-2
are (1) the effect of coupling between the target and other scat-
terers, such as the support system and (2) the effect of support
system distortion when the target is inr place.
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Transmitter Stability Test

The system shown in Figure II-1 can be used to obtain a meas-
ure of stability of the phase shift through a portion of the
transmitted signal path, the power amplifier chain, and a portion
of the signal distribution system. For this measurement, the
high-power attenuator can be connected near the antenna connec-
tions. By using a large part of the normal equipment complement,
the test can he easily conducted, and the results can be easily
interpreted. The directional coupler is used to combine eg and
e¢. The signal which will be recorded, EZp, can be written as

EZp = E2, + E%, - 2EgE, cos (§; - Ug) (11-3)

The amplitude of eg and et can be made equal by observing the re-
ceiver output when only one of the signals is present. Under this
condition, the phase of eg will be varied, and the depth of the
null can be used to calculate the relative phase and monitor phase
changes. A measure of the phase changes can be obtained by re-
cording the null over 2 period of time. The zero-db reference
will be chosen as the recorded amplitude of either eg or et so
that the depth of the null will be given by

10 log & sin? B - 95) , db (11-4)
2

consequently, (@, - @5) can be readily determined. A pseudo
random phase change may preclude the possibility of obtaining a
good result and make the null depth somewhat insensitive to the
setting of the phase shifter. A check on the instrumentation,

or a measure of the phase change introduced by frequency changes,
can be obtained by using the same procedure and replacing the eg¢
signal with the signal on the dashed line.

Fixed Scatter Reference

A mechanically stable scatter as a reference signal source
can be used to obtain phase information on various target configu-
rations. From a proper sequence of radar cross section measure-
ments of the reference scatterer alone, the target alone, and
the combined scatterer and target, phase data or the target can
be obtained by use of the law of cosines if it is assumed that
(1) no coupling problem is present, (2) the illumination pattern
of the system is unchanged, and (3) the absolute spatial position
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of the reference scatterer is unchanged. Under these assumptions,
a series of radar cross section measurements will provide phase
stability data. Also, this type of measurement can be used to
extract the radar cross section data. A series of tests conducted
at the RAT SCAT site for phase stability and target cross section
extraction is discussed in Section 3.

Range Configuration Stability

The setup shown in Figure II-1 can be used to test the sta-
bility of the overall range configuration and/or stability of a
target support system if the normal antenna setup is used rather
than the bypassing of the antenna by the use of circuitry through
the high power attenuator. Frequency drift problems can be
avoided by placing a suitably long delay line in the reference
signal path. Changes in the transmitter system path can be elimi-
nated by using the setup shown in Figure II-2.

Because of time limitations this test was not conducted prior
to implementation of the discriminaticn system at the RAT SCAT
site. It now appears that this type of test, based on the use of
a stable target configuration, would have been highly desirable.
As discussed in Section 5, a phase instability problem was en-
countered outside of the electronics equipment. This setup with-
out the delay line can also be used to evaluate frequency stabili-
zation systems if the overall system stability has otherwise been
demonstrated.

It should be noted that, in order to use the pulse radar re-
ceiver as part of the instrumentation, the proper time relation-
ships must be established for the received and reference signals
and the range gate. In addition, in the RAT SCAT equipment, pro-
vision must be made to avoid interferring with the cross section
measurement reference signal.

Dual-Channel Test System

A test system similar to those previously discussed is il-
lustrated in Figure II-3. Two of the RAT SCAT ranges and two sets
of antennas are used in this system. Two additional feed horrs
must be provided at the frequency of interest to implement this
system. The reference scatterer is located at the same range as
the target in order to eliminate the influence of frequency changes
effectively.

Use of this system precludes the possibility of coupling be-
tween target and the reference scatterer. It will also allow the
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phase and amplitude of the return from the target to be manually
tracked by use cf the variable attenuator and phase shifter. With
this system, & sixultanecus measurement of the phase and amplitude
of the return of the target can be made at fixed target positioms.
Major problems expected in implementing this system are antenna
isolation and the possibility of the external phase instability
discovered during the Band 4 phase measurements.

Dual Channel Coherent Reference

A 60-megacycle coherent reference signal is required for two
of the measurement techniques envisioned for the R&D program. A
method of providing this signal is illustrated in Figure II-4.
By using this method, the problems which may be created through
the use of a reference oscillatcr at the radar can be avcided. As
previously shown, these problems result from phase-related ef-
fects on nonconstant phase shifts through the radar equipment and
frequency drifts, but they can be largely eliminated by proper
equipment design and utilizaticn of phase-locked transmitter, local
oscillator, and/or reference signals planned for the RAT SCAT site.
In theory, the dual-channel system, shown in Figure 1I-4, can be
used to provide a coherent reference signal. As before, the fixed
scatterer is placed at the same range as the target. The only
potential equipment instability problems will be in the mixer and
IF systems. The effect of frequency drift should be completely
eliminated. As previously indicated, severe problems are antici-
pated in isolating the antenna systems and several equipment
changes or additicns will be required to implement this system at
the RAT SCAT site. Additional feed herns, an IF system, additional
power supply capacity, and additional local osciilator capacity
are among these requirements.

Dual Channel Measurement System

In phase measurements, some type of phase angle ambiguity 1is
usually encountered. A sign ambiguity is evident in Equation II-3.
This ambiguity can be resolved in the foliowing manner. The two
signals described by Equations II-1 and II-2 are combined directly
and simultaneously combined with one signal shifted 77 /2 to obtain
two signals,

2. - 2
E% E2, + E,

+ 2E4E; cos {9p - 0g° (II-5)

and
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2 . |
B2 = EX +E. - 25,E, sin (8 - 0;) (11-6)

from which the true angle can be determined This procedure is
used in the measurement system shown in Figure II1-5, which is a
combination of previously discussed systems. The reference scat-
terer is placed on the same range as the target to avoid frequency
drift problems. Some equipment phase instability prcblems are
avoided because of similar paths cf the reference and target sig-
nals. The signals represented by Equations II-5 and 1I-6 are
registered on separate recorders. A net 77 /2 shift is provided
by use of the calibrated phase shifter. Since the amplitude of
the return from the fixed scatterer can be measured, the phase
and amplitude of the return from the fixed scatterer can be meas-
ured, and the phase arnd amplitude of the raturn from the target
can, in theory, be calculated. The recorded signals will be «
measure of radar cross section, and Equations LI-5 and II-6 can
be written as

Oy = Oy + O +200g O ces (B - ) (II-7)
G2 = 0y + o, .2V0, O, sin (@ - 85) (11-8)

These cquations can be readily soived for Cp and (@  #5).

| (g +Cy) - . | 2
(jt = > + 1 02 + Os (O'l + 02) - OS
- Oy - Og = UTg¢j)

Ambiguities in these relations can be resolved by substituting
values of O and (@, - @;) into Equations II-8 and II-9. Aside
from the problems associated with the basic measurement systems
previously discussed, such as antenna isoiation and the external
phase instebility discovered during the Band 4 phase measurements,
limited accuracy should be anticipated for this measurement sys-
tem as the system will probably not provide suitably accurate data
to define the azimuth angles where this ratio O,/ O, is very
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small or large. Limiters on a servo system could be provided to
obtain better results, but system complexity would be greatly in-
creased.
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