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July 1964 

FOREWORD 

In order to meet the need for a National Radar Reflectivity 
Range Rone 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, Mew 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 full-scale radar 
cross section measurements.  In 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 Technical Documentary 
Reports. 

This report (General Dynamics/Fort Worth Report Mo. FZE-222-8) 
is Mo. 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. 
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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 target 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 is 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 coononly 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 mud 
less than that of the target. This solution may become difficult 
to implement in the case of heavy, low cross section targets.  In 
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 investigation 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, 5.1-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. 
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SECTJ.ON 2 

TECHNIC.~ DISCUSS:ON 

The the 'retic-'\1 bwestigation as ociated with a study of 
me<ms of red !cing ':he ;.nfluence ot' ex:raneous si;;nals in radar 
cress sectio 1 meas,1rements was primar::.ly devoted to sn examina
tion of phas: stabUity an.d accuracy :~·equirement_~. Details of 
this inveRti :ation appear in the folL:-wing parag':aphs nnd in 
Reference 1. Many ph.nr es <lf th'.s inv ~stigation 1re applicable 
to active an ; pase: i.ve r.ignal re:.1uctic:& or cancel·~ation and ana
lo~? and ana.l tic tt~ans of Jignal reduction. A s.·stem ·ievised 
fo::: an inter~ •ediat .~ freque:"lcy c:incelLction, cone ~tved ;,y 
Conductron C'·rporcL:ion~ is briefly dLcussed in _,ppendix I. A 
discuss ion o · a nu,nber of tests oriented toward .:valuation of 
a rad<1r sys t n fa" phase m .~asuremP.nts are discus,;ed in Appendix 
II. 

Phase a' .l am litude stability ar.d accuracy nre essential 
in some sens ~ in Lnplet1enting cancellation or dircrimi'1ation 
techniques b;.tt phEse requirements appear tc be and are demon~"' · 
strated to 'be in some cases more difficult to reElize. A test 
of the amplitude ~tabU ity of the RAT SCI."{' :lquipnent 1<:·as con
ducted over a six- hour period by using Band 4 eq1. ipment and 
coupling th€. outp t of the transmitter_ thro'Jgh ar' attenuetor._ 
into the inFut of the receiving system and :cecort'ing at: 10-minute. 
i.ntervaJ.s; the t· tal variation was only 0.3 db over .s 6-hour 
period. 

In this investigation, consideration w~s given to both 
electrical end mechanical phenomenon which could influence the 
phase inforrration obtained, as well as to c::.:iteri.a which could 
be used for system evaluation. Aside from difficulties assoM 
ciated with the uso of the measurement equipment, many system 
parameters can infLuence the phase information obtained. The 
influence of these parameters can be seen b:· conddering the 
expressions 

f2 Et cos ( wt + 2 6w R/c + 2u)6d/c + ~t) (2-1) 

(2-2) 

"1here is the or erating r ,dian frequency, and the ~i are 
e':'bi.tra:-y phase constants. The 2 6<.0 :l/c term is included to 
account for the ir' fluence o ·~ a frequency change for a path 
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leng·h differ~nce of R between the signal sources of et and 
er· The 2u)6 d/c term is included to account for the effect of 
a pe h length change for one of the signals" The effect of these 
para1...eters is numerically illu~trated in Figures 2-1 and 2-·2. 
The Equation£ 2-1 and 2-2 do not account for such features as 
coupling and other means by which the target may influence the 
actu~l background signal. It can be seen that phase stability 
and 'ccuracy requirement9 may be influenced by the physical lo
cati'n of the refe'!"ence relative to the target, For example, the 
1.1se f a sc:atter in the •Ji.;-;inity of thP. target as a reference 
sign 1 source or cancellation signal source wovJld essentially 
elim naT:.e the infl,lenc e of f:equenr.y changes and many sources 
of p·gsible relative phase changes because the path~ of both sig
nals of interest are Laq~~l y the !'<aDtle .. 

!'he cancellation ? turly repo·r-t.c·d in Re fel!:·ence 1 wa~r. devoted 
to (') the comparison f .active cancellation (signal inje.etion) 
and r ns~ ive c:ancellati·m (by placing sdjustabte H:atterers in 
targ .. : region) anrl. (2) the investigatf.on. of the expected cross 
9ection reduction as a fmv:.:tion of phase and amplitude instabil
i.ty. A comparison bet·.,.een at:<tive an-:i paCJsive car~c.ellation was 
made on a ~ual itativ.e ;,ash. 'fo .r'1btain the-11.eces!iary ('On.ditions 
by w;e of the pa!!sive te-:.hnt1ue, the e.ignal returned by the can
celling scatt('!"f:!rs rnut;t '::le ne.arly e·:n.tal in :':tagnitude and opposite 
in phase to those cf t.'"*'' bar..kg!'·oun't!, p.lus the t-catterers from 
the target support a& geen by the receiving antenna. In this 
schemet cancellati~n i; acr::omplished ou~gide CYf the receiving 
system. When the act1v~. ~t>.t:~t~1i-que is userl., a r~ancellin,g signal 
is added to the sfg,nal to b£ r.ilnC'elled at either- th.e Rr or IF 
level of the recetvi~g pyst~~. In the &a~e cf thi5 analog cech
nique, t constant cancelli'(l,g 1ignc:1l is coimt.:Jr.ly u~ed. The cri
terion used in the comparis~ , of the two tec.;hni!(}uet< was that 
the maxbrum C'.ancell at ion e-rr :- l'te no greate:r than 100 per cent. 
If absol.tte amplitude stabi.l ty is assu<:Oed, an eTror of 100 per 
cent ~l•icates a phase rAve~ .al of the cancelling signal. The 
reason :or selecting this ~~ iteri~n is that i: i~ relatively easy 
to ro.eet "hen a sche1lle involvtng active cancellation is used. To 
maintair. this condttic.m by t:.\e 11se of ll<':t.ive cancellation, all 
.:.hat is :-equired.is t:'ee.sonab:a amplitud.O?. ~tabtlity of the cancel
lation. network., To ir~ure that the n:axi:m•.l"f!l -:~~ror c:riterion is 
~~et when passive carc~ll~eion is used, the cross section of the 
'.~ancelli-r.g sc.st::~?rE':::-8 ~ust exhibit the -same type of amplitude sta-
ility i-r.:dicated ab0ve. However, this ~ype of amplitude sta-

, Uity elm only be obtained in. the passive case if the cancelling 
cattet:'ers are isolaterl •:rle.~o'•Jple-:1) from thf! target !l·apport and 
arger:.. To &chi.eve ~uch holation without increasing the back

;roun:i or: a g-round plane r·ange would be. '.iiffintlr. unle&~ a large 
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number of small scatterers 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 
both 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 
scattera: 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): 

.00256 V2 (2-3) 

where 

P = Pressure (lb/ft2) 

V - Wind Velocity (mph) 

where 

1max 

Ft 

L 

E 

I 

Ft + L3 
lmax 

8EI 
(2-4) 

Maximum column deflection 

Force acting uniformly on length of column 

Length of column 

Modulus of elasticity 

Moment of inertia 



For the circular coluxer, the value of I is given by 

- zAt (2-5) 

where R is the radius of the coiamr-.  If it is assumed that no 
friction forces act between ehe wind and the cclascr., then the 
force acting uriforxly or. the coiuann is given by 

• 2 PRL U-6) 

Combining Equations 2 '•,   I  '■*■,   2-:), ard 2 6 results ir, obtaining 
the following equation fer maximuns deflection' 

max 
R E 

»2-7) 

Data obtained from the use  or  F^aatim 2-7 
2-3      Values  assumed  for   compurar.i 3r>a' 
psi,   (2)  column length »   10  reet,   ard 
1.5,   2 0,  and 2  5  feet 

i« plotted in Figure 
purposes were '!'■ E ■ 450 
O- cDl-jmn dianeter - 1, 

To estimate the allowarue range of vind velocities under 
which cancellation would be feasible, a maximxas phase deviation 
of 0 1 radian (5 73 degrees at 3 gigaevcies was assumed  This 
phase deviation corresponds ro a 20-do redjeier» in the signal 
level through canceliaticr1 undet the :ordition of ro amplitude 
error-  Figure 2-4 is a pior of crlumr height versus wind ve- 
locity for a 1 5-fo^n aianecer 'clumn ander the above assump- 
tions  The data in Figure 2-4 ir.dirates that, for a column 10 
feet in length and 1 3 feet in diameter, a 0 1 radiar, phase 
shift will result from a 3-roph wird 

One concept for system evaluation is ':har commonly referred 
to as background improvement Backgrour.d iaprcvener.t R, can be 
mathematically expressed as 

10 leg 
\o ^C 

B 

(2-8) 

where the subscript B represenrs tne original background signal 
or extraneous signal and C renresenr.s ihe cancelling signal  In 
terms of an effective cross section level, Cr, background 
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improvement can be represented by 

ar    -    (1  - oc)2 + 4oCsln2   ^ (2-9) 
2 

where 

o^« uncancelled signal 
cancelling signal 

0 - phase difference between the uncancelled and the 
cancelling 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 of the two voltages remain constant 
over an electrical cycleo The normalization 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 concepts  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 extraneous signal at the time that 
the receiving system converts the signals to an amplitude level. 

As an illustration of the influence of measured quantities 
on background improvement, calculations made by jsing Equation 
2-8 are shown in Figure 2-5 as a function of the deviation of the 
signal parameters from the ideal case of equal amplitudes and an 
out-of-phase condition 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 reduction 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 original 
level, and the resulting expression, which has the same basic 
form as Equation 2-3, becomes, by using Equation 2-9, 

max 20 log 1 + K 1 (1 - oc)2 + 4o6sin2 S ll (2-10) 

where S is the phase measurement error and K2 is the ratio 
ö'B/^T«  In the case where amplitude errors are considered neg- 
ligible, Equation 2-10 becomes 

max - 20 log 1 + 2K sin(6 11) (2-11) 

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 6 ■ 60 degrees. Thus, for any value 
of K, the effective level of the background will be reduced if 

S < 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 shown in Figure 2-6 as a function of 
8 and K from Equation 2-11. The common maximum possible error 
curve (6-60 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 

fl  K sin (S 12)  - 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. 
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The curves shown In Figure 2-4 indicate a need co increase the 
phase measuring accuracy when background levels are large rela- 
tive to the level of the target. 

An equivalent error situation appears in measurements of 
phase in the presence of a coherent background level.  The total 
return from the signal of interest plus the extraneous signal 
can be written as 

E~ - Ec + Ex (2-12) 

where the t and x subscripts dencce the signal of interest and 
extraneous signal, respectively.  The measured amplitude and phase 
then are Kj  and 0x» respectively, and Equation 2-12 can be writ- 
ten as 

F. 
Te  ^   '  - Ete ^ + f'x'2 X (2-13) 

By & manipulation of F.quatior. 2-13  It: can he shewn that the maxi- 
mim value S m is 

Sm    *    tan'1     -Jz- (2-1A) 

K which,   for small    ■=-   ,  becomes 

n Ex 
0® Et 

Figure 2-8 is a plot of the Relation 2-la.  From an examination 
of this curve, it can be seer that a relative level between the 
desired signal and the extraneous signal of 20 and 30 db can pro- 
duce a maximum phase measurement error of 5.7 and 1.8 degrees, 
respectively. 

While the background improvement data shown in Figure 2-5 
are jf  value for eatlmating system performance, a more reasonable 
estimate may be obtained in xany cases through an estimate based 
on statistical system properties  Since the measurements to be 
obtained are time dependent, the idea of using a statistical 
evaluation is a reasonable approach, and by this means accuracy 
or stabilltv requirements can be based on a large percentage of 
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the ttme  so that the stringency of requirements are effectively 
reduced. To investigate the problem from a statistical stand- 
point, a normalized cross section ( C r) formulated in terms of 
the normalized amplitude and phase parameters (oC) and (A0) 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 oc and A# over a meas- 
uring period could be used if they were known=  A measure of the 
system requirements for a practical level of improvement can be 
obtained by assuming distribution functions for the problem 
parameters   If it is assumed that the amplitude and phase error 

components (1 -oC) and 2Too sin A 0/2 are independent and norm- 
ally distributed with equal variances and mean zero, then the 
probability that <Tr is less than the selected value C7ro is 
given by (see Reference 4) 

pr I o < ar l aro - i - e  0/ 

2 

n 
ro VT~ >-  0 

or 

ar0    - 2a0L    Ln t-.-L-/ (2-15) 
A 

where &&,    is equal r.o the variance or the amplitude and phase 

di 

tion reduction for a given 

function distributions and ^XQ  ^S e^jal t0 minimum cross sec- 

6 - Pr ! 0 < a_  <  cr^ 

A curve of the Equation 2-13 is shewn in Figure 2-9 for 0 " 0.9 
and 0.5.  An examination of Figure 2-9 indicateä that a 20-db 
cross section reduction is possible 30 per cent of the time if 
the amplitude and phase standard deviations remain less than or 
equal to 0 085.  This value corresponds to an error of about 5 
degrees of phase and cane* 1i. iLon to background cross section 
ratio of about 0.7 db at tne 1CT 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.  In both cases, 
the values of the amplitude ar»d phase deviations are approximately 
equal except that in Figure 2-3 the deviations represent maximum 
variations and in Figure 2-9 they represent standard deviations« 
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The earlier curve indicates that more than 10-db reduction is 
not possible 100 per cent of the tiae, whereas the data in Figure 
2-9 indicates that 10-db reduction is possible 50 per cent of 
the t ime. 

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

\A 
(1 - 06) and 2|OC sin -^   If the limits of the two uniform 

distributions are assumed to be equal and defined by + A^/2, 
the cumulative distribution Cr can be obtained for a selected 
&T0  by use of the equation 

Pr 

Pr 

0 < ar < ar 

r 
j 

0 iOr  -   a 
ro 

— C7^  n < OV < 

oc 

20L TO 

'ob- 

tan 
r 2 

-l *- 

oc 

2cr, 
»oc ro 

(2-16) 

1 

i_^iUaro  -A2)^_ 

'oc 
(4a AJ) 

1/2 
oc 

'oc 
2 

Ace 

If crr  is a value less than 
'oc 

and 

6-    Pr  0<3r  <<7r  ! 

is equal to 0 5, the expression for minimum cross section reduc- 
tion, as a function of the deviation parameter A« , is 

^r. 
A oc 

27T 
(2-17) 

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, rhe 0.5 probability 
curve from Figure 2-9 Is also shown in Figure 2-10.  On the 
deviation parameter abscissa, A^ Is used for the uniform case, 
and OQC  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 
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corresponds to a total angular variation of approximately 14 de- 
grees and total amplitude variation of 0.23. 

In the previous discussion, the amplitude and phase devia- 
tion parameters were assumed equal (i.e., (Jot,  ■ C70 and A^- 

A 0).  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 ccm  1, 
the cumulative distribution of crr is obtained from the equation 

Pr [o < o, < aro] - .J-  [^0 . o < aro l A
2
0^ . 

(2-18) 

Solving Equation 2-18 for ^r and again assuming a probability 

of 0.5 result in 

TO 

A 2 
16 

Ctf- 
This is compared to —  obtained from the use of Equation 
2-17. In 

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

A quantitative estimate of the expected cancellation of a 
given uncancelled signal may be obtained by (1) estimating c^ 
and Ac*, 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 (J^ and A^ determined in step 1  This procedure 
is described in the following paragraphs. 

An estimate of (J^ may be obtained by letting 

_N_ 

i-i 
1^ " TT S  fOi (2-19) 

where Oi  represents the value of cross section of the uncancelled 
system at the it^ sample point which corresponds to some aspect 
angle O^. 
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If the cancelling signal anplltude Is assuned to be equal 

to the sample mean, V^p , then an estimate of o^ , say c^ , 

Is obtained by use of the equation 

A 

L 

N 

1-1 V 
2 1 

1/2 

/ 

(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 

(^max» Cmln)*  ^ t^e cancelling signal amplitude is assumed 

to be equal to the average, (crmax + crm£n) /2, then an estimate 

of A^, say A Is obtained from the equation 

A 
A oc' 

r; max 

R max 

la mln 

Wmln 
(2-21) 

In the case of the preliminary measurement data discussed 
In Section 3, a more flexible and useful distribution model Is 
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 

e 10- (2-22) 

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 f can be written as 

e- - 10 log 
1 + R2 -  2 R cos(02 - 0! +8) 

1 + R2 -  2 R cos(02  - 
(2-23) 
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where R^ = CJg/ ^r*B or ^T+B/^B  Fonoulating cb.e error in 
this manner will allow evaluation of the possible errors as a 
function of the available data, i e , the cross section values 

ö'B 
an<i ^T-*-B rather than ^r and ^B  *f t^6 statistical distri- 

butions of R and (02"^l) are known, the expressio- can be used 
to obtain maxinnim error limits for fixed probabilities  This 
type of error estimation formulation is cf interest because, in 
the case of the techniques arder consideration. Or may be of 
the same order as ^B aT'd the avfiiiable measured uuar-tities will 

be ^x+B an^ ^B* 

The above disci csed concepts are of value ir. the general 
case, system effective""«? evaluatiDt:, or error estimation of a 
large set of measurement? er '..lau   zi  venicles  Also of inter- 
est is the confidence level associated with the results obtained 
by using a specific rarger and set of parameters or results ob- 
tained in a united region of d-ata  In this sense an evaluation 
of specific points by using Equation 2-23 is of interest  Evi- 
dently the accuracy of the computed result will be Influenced 
by the relative cross section ie/els as well as rhe phase accu- 
racy or stability  As will be seer», the degree ro which the 
target can influence the cross section of the target-vlus-back- 
ground is significant and is of course dere^den^ en rr»e relative 
cross section levels mentiored above.  The data shown in Figures 
2-11, 2-12, and 2-13 are presented tor u«e with Equation 2-23 
when the values of R are 0, 3, and 6 d!?  By using these data, 
the cross section and p^ase error can be deter sired by comparing 
the data at the points K$2'$1^   

an^ (02/^1"^ • ' c^ '"^e a^?issa 
Thus it can be seen that the seisitiviry .-f t^e ccniputed value 
to phase measuretnert errors is also deperdent on the vicinity of 
((S2"0l)  it is evident trat r^e influence of a phase error is 
minimized if the relative phase of the target.- plus-rc^unt and the 
mount only is in the vicinity of 180 degrees, '.r if the target- 
plus-mount and mount differ ?ignificantIv io magritude-  The 
influence of a phase errc: is s^ali if (02-01? is ir the vicinity 
of zero degrees  This observation suggests that ione control over 
the accuracy of the computed -.rcss secticn is possible if the 
relative phase (02-01^ can be controlled  rhis Tntrcl is pos- 
sible if the cross section of the target is siip„abLv large rela- 
tive to the mount cross se.rion  This relative cross section re- 
quirement has been illustrated indirectly earlie: in this section 
in terms of the influence of a coherent background signal on 
phase measurement accuracy  Equatior 2-I* and Figure 2-8 can be 
used to deduce the degree cf relative phase «rhange possible as 
a function of the target cross section telatU-e to rhat 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 techniques under consideration. As discussed in 
Sectiöu 2, equipment stability requirements for a cancellation or 
discrimination technique are dependent on the location of the 
reference. Prelimincry measurements made with RAT SCAT equipments 
included a limited number of tests 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 Styrofoam 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 figures in this section are located at the end ot the 
text.) A sphere was used as a target in these tests. The meas- 
urement data consisted of 

^(0) * cross section of column as a function of azi- 
muth angle 9 (subsequent terms incorporation 
0 are also so expressed) 

0^.^(0) - cross section of column-plus-target 

(Tc+f(0)    ■    cross section of colvimn-plus-fixed scatterer 

&c+f+s(Q)    " cross section of column-plus-target-plus-fixed 
scatterer 

OTf ■ cross section of fixed scatterer and is assumed 
to be constant during the experiment. 

Other terms of interest are 

0C(0) ■ relative phase between 10^(9) and ]<Jf:  expressed 
as a function of azimuth angle 0. 
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0C^(O) - relative phase between jC^+^TiT, and ^CTf 

expressed as a function of aziauth angle 0 

0f - phase of IfCTf (arbitrarily defined to be cons- 
tant during the experinent). 

The relationships associating the above amplitude parameters are 

ac+f(e)   -    <Tr(0)   ^ af   +   2 | ac(o) cTf   cos 0c(e} 

'3-n 
and 

0c-^+f<ö>    '   ac+s^;   ^af + 21ac-»5:9iaf ccs ^s'O) 
(3-2) 

«, 

1 

From the Relations 3-1 and 3-2, along with the amplitudes listed 
earlier, the relative phase angles, 9ci9\  and 0c+s(O), can be 
determined to within an ambiguity of sign.  The broken line phas- 
ors on Figure 3-1 are included to illustrate the single ambiguity 
in the magnitude of the target cross section  In the case of 
the experiment presently being considered, the ambiguity of angle 
sign is not an iapcrtant factor since phase stability is of 
primary concern. 

To make general use of this technique, additional informa- 
tion is needed in order to resolve the sign ambiguity inherei&t 
in Equations 3-1 Jnd 3-2  One method for resolvirg the sign 
ambiguity is based on the assumption that the fixed scatterer 
can be shifted by IT '2 degrees  Then, if CTf is chosen to 
represent the cross section of the fixed scatterer when it is 
shifted hyjr/l,   and CJc+f 'Q^» the  cross section of the column- 
plus-scatterer, a relationship similar to Equation 3-1 is ob- 
tained.  This relationship is denoted by Equation 3-3 

&c+f*W    - ^c(9) + 0f +2\cc(9^0f-  cos 'Mö> -rr/2) 

i3-3) 

Since cos(0c(9
-) - 0S -7T/2) is equivalent tc -sir.* 0c .'9) ■ 0S), 

Equation 3-4 can be written as 

0'c+f'(9) - (Jc(9; + Cf  - 2 | crc*.9) CTf fip 0C>9:   (3-^) 
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By using Equations 3-1 and 3-4, the correct value of 0c(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 
avoided. An IBM 7090 computer program was prepared and used to 
obtain values of crs,  Cg, 0C, and 0C4S- 

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 theoretical radar cross section 
of -41.7 dbsm.  Measurements were made with the sphere near the 
center of rotation and also offset «bout 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 azimurh 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 
performance) 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): 

CTr -  (l-cx)2 +400 sin2 (4^) (3-5) 2 

where 

2 
oo  » ratio of background cross section to cancellation sig- 

nal cross section 

4 0  - phase difference between background signal and cancel- 
lation signal 
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CT  - ratio of the cro?»s section of the background aftev 
cancellation to the cross section of the background 
before cancellatior 

As in the previous discussiors, -10 L?g Cx  will be referred to 
as background improvement 

In the previous analysis, background imprcvesent was esti- 
mated in one case under the assumption r'.iat A 0 was uniformly 
distributed about zero and in a second :.ase under the assumption 
that A0 was distributed normally about zero  However, inspection 
of the cumulative distributions shown in Figures 3-7 through 3-9 
indicates that tne density :>f A 0 mighf be approximated more ex- 
actlv by use of the density expression 

g (X-X)S    0 ^ X ^ X 
p (X)  - _*_    , ;3.6^ 

1 . e'X5    »l 8 ^ Q0 

- 0, 0. W. 

where 

X    ■    random variable lAßi 

X - upper bound on jAO!  as indicared bv tue cumulative 
distribution 

6 " density paraiteter used to approximate the si ope of the 
cumulative distribut ior.. 

It is noted that the density given in Equation 3-6 is reduced 
to a uniform distribution wner» S - 0, furthermore, the density 
becomes the other distriburicr.al extretne (i e , the impulse dis- 
tribution) when 8 • • 2°   Hence, in the present analysis, an ex- 
pression for the probability ef a given background improvement 
will be obtained subject only to the condition that the density 
given in Equation 3-7 may be used to describe the absolute phase 
difference between the artual background signal and me recorded 
background signal  In the preäeni analysis, the value of X will 
be taken as unity because (1) the discrimination system imple- 
mented at RAT SCAT varies the accplitude of the fanceUaticn sig- 
nal as a function of azimuth by using the tecorded cross section 
level of the background and 2; on the basit of experimental 
evidence, the amplitude of the backgroar»:? is relative stable with 
the exception cf a small bias vhich results frotn calibration 
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error.  The (1 -CC)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 ^3.5 degrees. The above illustration, plus accumulated sta- 
tistics on environmental 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 
or, 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 or be 
unity in Equation 3-5, the normalized background may be written 
as 

? M 
4 iiffi^ -^ , -TT ^ 0 1 TT (3-7) 

The probability relationship between (7r and |A0!  is 

P 
ro 

o < ^07 < ^ ro Pr 0 < |A0|< 2 sin"1 ^5° 

(3-8) 

By using Equation 3-8 and Equation 3-6 (which gives the dis- 
tribution of IA0| ), the background improvement -10 log crro 

may be obtained in terms of P^.  , 8 , and |A0|.  If background 
ro 

improvement is denoted by BI, and if P^  m If *   then the expres- 
sion of interest is given by r0 

BI = -6-10 log sin- 
1 

28 • [ IS       ^ 
(e  -DT + 1 (3-9) 

where 

r Pr 0 <: (T < a* ' - ^r —  ro - Pr I BI0 < BI < 00 

Note that, when /T is unity, i.e., when the background improve- 
ment is greater than -10 log ij      100 per cent of the time, the 
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Expression 3-9 is reduced no the "worst case" expression given 

by Expression 3-7 when ! A 0 j is replaced with the maximum phase 

deviation X, Also, if S ■ 0 in Expression 3-9, the expression 
obtained is equal to tne exptessicn obtainel in the previous 
analysis for a uniform distribution. On the basis of the statis- 
tics obtained at RAT SCAT, however, the Expressicr 3-9 indicates 
a significant increase in background improvement over the im- 
provement predicted in the earlier analysis.  The difference be- 
tween the two estimates is due to the ccncentration of the phase 
difference about zero rather than being due to a Tore uniform 
distribution, such a? that anticipated before experimental evi- 
dence was obtained- 

The graph of the relati;n«-rip illufttrated in Equation 3-9 
is shown in Figures 3-10 a-i j-ll fcr 2" " 0 i>5 as a function of 
S   and X.  Also, the "worsr case" curve of '^T * 1 is plotted in _ 
each of the two figures  T~  obtain tne curves it» Figure  3-10, X 
is presented as the abcisäa, X values range between 5 anti 90 de- 
grees, while S  is allowed the values '30/57.3 and '60-5?-3-  To 
obtain the curves shown i^s Figur« 3-11, -5 was allowed to vary 
between 0 and -100/57 3 for each of the X values ^etweer* 10 and 
20 degrees 

Table 3-1 contains a Use of values tor ^ üV'ä  X evaluated 
from the phase stability curves cbtained from the experimental 
dat«  The value ct X va% obtair^G bv extendirig the experimentally 
determined cumulative- cive tc zexo by  rhe use of a straight line 
approximation       The vMu; cf § was äütera-ined by parsing the 

theoretical curve t^rouga ehe point Pr Ol.ÄO1 < [C*®])  =* 1/2. 

On the basis of the curve* Ät::vrr<. in  Figure $-11*  a roisparisoi? 
may be i^€de between the ttodei curauiar. Ive and an experiasental ly 
d^tercsisied cumuacive bv the use of ehe above technique for ob- 
talniog X and £ 

On the basi* of the previous analvsi* and or? the basts of the 
experimental data obtained at RAT SCAT, ä &ignifleant background 
Improvement was ■expected througb ire use of fhe Band 4 data dis- 
criminatton sys^eja.  By !:a sige-d f icsr(t igepro^ement," it is meant 
that, an iatprovemert of 10 to 20 -lb mm  be expected 95 oer cent 
of the ttrae-  ft shea id be borne in islnd that the experimental 
data was obtained by weans of a technique whereby problems caused 
by frequency drift were eliminated, furthermore, saall targets were 
used in the experiments l and 'heir use rerded to aslnimize the 
spaclai movement, of the column coraparea to the ••sovement of the 
larger targets 
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Table 3-1 MODEL PHASE DISTRIBUTION PARAMETERS 

J 8   1 
Column 

Column-Plus-Offset Sphere 

32 

13 

-5.2A 

-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 3-13 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 

10 log 
cr, 

^sphere 

An almost identical effort to that described above was com- 
pleted at Band 6 (6.5 gigacycles).  In this band, the target was 
a 1-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 phase 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 

35 



nav be twice ehe tnaxiamm values cbtaired.  Although the more 
random components tend to cbscure the exact location of the max- 
ima and minima, an examination of these data suggests the pres- 
ence of discrete scatterers cf significant cross section within 
ehe column; the presence of the scarterer« is evidenced by the 
phase maxima (or  minima> data that appears to reoccur at approxi- 
mately a i80-degree azimuth shift  The scatterer phenomena may 
be interpreted to suggest the possibility of reducing tne phase 
variation by carefulIv locating the axis of the columr relative 
to the axis ^f ro-atio^  The ?hase variation of the returns 
from the column is «hewn in a differen»: form in Figures 3-23 and 
3-24  Although tbi? phase inrcrmation is relative, the data 
presented has not been idjustea, i e , the angles shown are the 
actual angles calculated b. r-^e of the computer program, and they 
are relative to the fixed scarterer. 

A measure of the phase shirt of the column is shown in Fig- 
ures 3-25 and 3-26.  In the case of these data, the phase of the 
column was compared at each azimuth point available <jK) 1 degree) 
by using the first data run as a r< lerence  The variable for 
these d«ta was the column-plus-fixed scatterer data rans  In 
these figures, the separate urves describe data run-? asade ap- 
proximately 20 minutes apart  In one case, the iata obtained 
for the longest time pet ice fell within data for shefer time 
periods, 

A comparison of the Band '*  and Band 6 phase stability data 
suggests only a slight degradation in the performance cf a dis- 
crimination system in Bar.d 6 relative to Band 4. Consideration 
of the success in reducing the effective background with the 
Band 4 discrimination system • subsequnetlv treated in Section '■>) 
relative to the. fixed scatrerer reference results indicates that 
a definite gain can be realized with such a discrimination system 
at Band 6 frequencies.  However, tne presently unresolved problem 
of a phase instability external to the electronic equipment, 
discussed in Section 3, mav profoundly influence the utility of 
such a Band 6 system.  It appears 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 cf sphere cross section extraction 
are shown in Figures 3-27 through 3-30  In the case of both 
horizontal and vertical polarization, the computed, sphere cross 
section values are superimposed on rectilinear analog 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 results 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, and 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 obtain 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 TWT amplifier used for 
the experiment and from the power amplifier TWT.  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 shorter in length than the power ampli- 
fier pulse and './ithin 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 results were obtained at a pulse length as short as 
0.2 microsecond.  The signals to be cancelled were both 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 test*', tne recorder was cperated in the manual 
mode with the speed adnisted downward to the slowest operable 
level  The recorder speed was not constant, ard the recorder 
occasionally stopped so that it was periodically necessary to 
mark time on the record to provide an approximate time base. The 
majority of the data runs were sjade at a frequency of 1.0 glga- 
cycle. A few brief checks were made at frequencies of 1.2 and 
1.6 gigacycles ^o demonstrate stability that could be achieved 
at more thsa rrne poir ,  l^o aignificant variations in stability 
were nc-ted at Uic Jific'ent operating 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 tneaningful 
measurements.  The two signal level? were initially adjusted to 
produce a signal level at the point markert 20 db; a 20-db pad 
was introduced into the syatem so that an actual zero-db level 
was displayed  The cancellation level achieved was on the order 
of 10 to 20 db below the level achieved for the overall trans- 
mitter system 

The flat spots on the traces result from intermediate system 
checks made without readjusting system parameters  The primary 
instability effect observed is illustrated in Figure 3-37  This 
effect marked the onset of a large system transient which intro- 
duced a significant phase «»hift irto the test system; this shift 
was due to a large frequency shift or a change in the operating 
parameters of the auxiliary TWT amplifier.  Because there was a 
shortage of *;ime for conducting these rests, 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 bv readjust- 
ing the phase shifter  The cancellaticn level achieved in this 
measurement appeared to be a limit in the serise thac the resulting 
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noise level appeared to be essentially incohe'rent. 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 spurious 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 small 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 3-33 can be used 
to demonstrate that the relative level change is insuft^cient to 
cause the cancellation level change observed. 

To determine the relative phase of two equal amplitude sig- 
nals at a given cancellation level, the expressions developed in 
Section 2 can be used.  For a high degree of cancellation, the 
phase accuracy required, A0, is given by 

A0 
f^j crt c 

^B 

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. 
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SECTION 4 

DISCPIMINATION SYSTEM 

This section contains a 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 fron measurements made in the pres- 
ence of an extraneous coherent signal. The theoretical basis for 
the Implementation and operation of this discrimination system 
configuration is that target data can be analytically extracted 
by using a radar cross section and phase measurement of the 
target-plus-background and of the background signal aloneo 

The basic operations associated with the use of the discrimi- 
nation system include (1) measurement of the phase and cross sec- 
tion of the two signals 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 components required in 
addition to the radar cross section measurements are included in 
two subsystems: phase measurement and target data extraction. 
The Aerosysterns Laboratory at GD/FV designed and fabricated the 
phase measurement subsystem equipments. A brief description of 
the system components and operation appear in Che 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 operation. 
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4.1.1 Phase Measureaent 

A block diagram of Che phase measurement tie-in with the RAT 
SCAT cross section measurement equipment is shown in Figure 4-1. 
The cross-hatched blocks represent the additional 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 into  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  Use of the signal and the particulars 
of operation are the same for cross section measurement as those 
when phase measurement is mot 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 IF signal arJ the reference signal is de- 
tected and used to drive the phase servo moLor 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 of the phase shift of the received sig- 
nal  A potentiometer for the analog signal and a shaft encoder 
for digital signals to 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 
rml ehe appropriate equipment are provided for returning the 
radar system to normal operation (no phase measurement). 

4.1.2 Frequency Stabilizacion 

Provision for frequency stabilization is necessary to pre- 
clude the introduction of large phase errors which can be caused 
by frequency changes.  This requirement 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 aapllfler, the 60-meg«cycle CW coherent reference signal 
which Is directed to the phase measurement console, and an error 
signal which is used to control the frequency of the receiver 
local oscillatorc 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 also 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 transmitter 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 amplification in  the transmitter system. The de- 
sign objective for stability was one part in 10^, 

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 components are contained in two standard 
equipment racks. Reference documents pertaining to these com- 
ponents and the interconnections were supplied by Packard-Bell 
Computer. These components and general operation of the subsys- 
tem are discussed in the following paragraphs. A basic block 
diagram of the subsystem is shown in Figure 4-2» Figure 4-3 is 
included to illustrate the tie-in with other  RAT SCAT equipments. 
Test computations performed with this subsystem as presently pro- 
grammed indicated an accuracy of +0.1 öu  and +1 degree for the 
cross section and phase, respectivelyc 

4.2.1 Subsystem Components 

4.2.1.1 PB-250 Computer. The PB-230 computer unit includes 
a basic memory unit package of 2320 words which can be expanded 
in units of 256-word blocks up to a total of 15,888 words. The 
PB-250 was supplied with 5904 words c£ memory which is adequate 
to store 3600 words of measurements or computed data in addition 
to programming. Only one word Js required for storing one 
data point; this word is indexed with the azimuth angle, and the 
phase and cross section data is packed into the 21-blt words with 
binary arithmetic 

4.2 12 Flexowrlter  The Flexowrlter input/output device 
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is provided along 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 a high-speed tape (300 characters per second), it is used 
to insert the programs and the measurement data (from paper 
tapes) into the PB-230. 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 
is 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 5-level teletype code. 

4.2.1.5 Inpu«:/Output Buffer.  The input output buffer is a 
standard type which provides 38 parallel input lines to the PB- 
250. The signals available, on these lines are supplied from digi- 
tal shaft encoders within the cross section and phase measurement 
equipments• 

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

4.2cl.7 Digital/Analog Converter. The digital/analog con- 
verter is a 10-bit input, two-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 usual sequence of operations is the following.  The first 
data run of interest •i e., sigma, phase, and azimuth data) is 
placed in the computer memory directly on input lines from the 
digital encoders. The second data run of interest, 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 0.1-degree of 
azimuth at an azimuth rate of 0.1 rpm  As the computations are 
made, a digital and analog signal representing the computed values 
is normally provided. The computed analog 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 scoring the digital data in the computer 
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 ueasurenencs was conducted to deaonsträte 
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 to include a system demonstration and 
a system evaluation  A system evaluation procedure is outlined 
in Reference 9  The demonstration included (1) a check of the 
accuracy of the computer program, (2N a check of the tie-in be- 
tween the radar system and the computer, (3) phase measurement 
equipment performance, and ;4) extraction of the cross section 
of selected targets to evaluate the overall system. 

The computation accuracy provided by use of the program was 
determined to be jK) 1 db and H degree for cross section and 
phase respectively.  During the initial tie-in checkout, about 5 
per cent of the data points were missed when a rotator speed of 
0.1 rps and 0.1-degree azimuth increments were used.  The missed 
data points were attributed to the failure of the RAT SCAT paper 
tape punch system, and associated inhibit signals, to respond to 
a momentary speed-up of the azimuth followup servo To  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 data points in any case checked. 

The results of the measurements obtained by use of the phase 
measurement subsystem and overall discrimination system are pre- 
sented in the following 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 of -63 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 loop system, a RAT 
SCAT midrange cross section reference corner, a 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 to 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 anomalies observed althotgi observation 
of the system, operated in conjurxtion with the radar range, 
strongly suggests the use Df 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. Short term closed loop stability could be repeatedly 
demonstrated at times when normal tests involving the 
range configuration were totally unsatisfactory. 

2. System stability was greatly improved by operating at 
night 

3. Removal of excessive transmission coaxial lines and oth- 
er fixed components outside of the building improved 
stabilitv 

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

5. The phase instability was more pronounced at a range 
length of 1200 feet when the antenna was facing approxi- 
mately west than mat. at a 500-foot range length when 
the antenna was facing approximately southwest= 

As the demonstration test? proceeded, an effort was made to re- 
cord the phase of the midrarge corner at the beginning and end of 
each data run  Attenuators were placed in the receiving system 
during many of these data runs in order to simulate the indi- 
cated signal levels in terns of radar cross section. The noise 
level appearing on the phase data is not necessarily character- 
istic of the phase measurement system since its value is depen- 
dent on a particular system setup, as veil as on the signal 
level and scatterer characteristics  The scale setup used for 
measuring the phase data was specified tc be 4 degrees per minor 
division.  However, there are deviations from this rule, and 
care should be exercised in comparing these data. 

The results of the measurements are interpreted in terms of 
background improvement or cancellatior level.  The computations 
were made by using (1) the phase measurement error data (by as- 
suming no amplitude measurement error was present) and (2) the 
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discrimination system  The latter results were obtained Dy 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 initiated at intervals of about 20 minutes. 

The closed loop stability data shown in Figures 3-1 through 
5-3 are the start and finish of a continuous data 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 run. 

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 degree which appears in the data could 
have resulted from a setup error or system drift  This bias can 
also be seen in the phase error density shown in Figure 5«5- 
These data were obtained by taking the phase difference at each 
azimuth point of the purched cape data;  The cumulative phase 
error corresponding to these data are shown in Figure 5-6  The 
degree of stability is indicative of the background reduction 
capability of the basic equipment.  The background improvement 
computed from these phase data is shown In Figure 3-7  On a 
90-percentile basis, the stability 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 rotator and secured by guy lines  The discontl- 
nutles seen in the measured data are the result cf a dead spot 
in the analog readout potentiometer whicr. occurred in the vicinity 
of 352 to 360 degrees.  The multiple phase traces 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 from the relation 

0 » ki + k2 sin(0 t k^ 

where 0 is the azimuth angle and the constants (kjj were evalu- 
ated at the maximum and minimum excursion of the Run 1 trace. 
The set of 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 

89 



position of the trace is meaningless. The scale factors used in 
conjunction with the input data and the computed data were se- 
lected so that the indicated improvement level would fall between 
zero and 30 db en the analog trace. A plot of the cumulative 
background improvement is shown in Figure 5-14, 

Data runs on the midrange corner are shown in Figures 5-15 
through 5-18. At the start of 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 3-19  The cumulative background improvement is shown 
in Figure 3-20.  It is evident from an examinatior. of these data 
that the stability of the corner is suitable for use as a phase 
reference if the case illustrated is typical of corner stability. 
By repeatedly lowering and raising the corner typical mechanical 
stability and position 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 ^oted that, at the onset 
of the instability previously described, all scatterers in the 
field exhibit this instability to some extent.  The background 
improvement computed by using only phase change data is also shown 
in Figure 3-20 for comparison with the results of subtracted data. 
It can be seen that the results of both computations are in good 
agreement and indicate that the influence of tae amplitude insta- 
bility is small compared to  the phase instability even in the case 
of mechanically stable targets. As indicated in Section 3, at 
the higher improvement levels the improvement predicted by using 
only phase change information is optimistic 

In addition to the above stability runs, a number of runs on 
more practical target configurations were made to obtain a measure 
of overall stability  These data, shown in Figures 3-21 through 
5-24, were obtained by using a 9-foot, IS-icch diameter Styrofoam 
column as a target  The stability of the phase and the cross sec- 
tion measurement is evident from an examination 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 3-23 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 since 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 3-31  These data were 
obtained by comparing the punched tape data at corresponding 
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azimuth positions. These data weie used to compute the back- 
ground improvement shown in Figure 3-32 (it was 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 psuedo random component which may significantly in- 
fluence the background improvement result. 

It is of interest to compare the results obtained from the 
various stability measurements 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 jceasurements of a stable scatterer is 
very nearly the same, but when 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 cf no 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 
independent of the target cross section levels and configurations 
considered; whereas the amplitude statistics are not  An exami- 
nation of the closed loop background Improvement Illustrated in 
Figure 5-7 indicates that this phase behavior Is characteristic 
of the overall system rather tnan the electronic equipments. 

The background improvement realized by use of tne experi- 
mental equipments can be compared with the theoretically prellcted 
results presented in Section 2 through a comparison of the experi- 
mental data results shown in Figures 5-20, 5-3i, 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 distribution of the error cocportents although 
an examination of the phase change data shown in Figure 5-31 indi- 
cates that the distribution is clearly more nearlv ncrmal than 
uniform as suggested In Section 3  The assumotiors used in the 
theoretical analysis Included the specification that the statis- 
tical properltes of the amplitude and phase components be equal. 
In the case of small errors, the statistical prooerties of ehe 
two error components are approximated by those of the phase alone 
as can be seen from an examination of Equation 2-4.  In the case 
of a normal distribution and the above assumptions, Kr\e  experimen- 
tal subtraction results in a background Improvement of 25 0 and 
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19.0 db for the 50 and 90 percentiles, respectively; this !■- 
provenent represents a favorable conparison with the theoretic- 
ally predicted values of 20.8 and 15.6 db. Using the small Styro- 
foaai column data results in improvement values of 14.5 and 11.3 
db for the 50 and 90 percentiles which represent such a favorable 
approximation 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 of 15.8 and 3 3 db for the 50 and 
90 percentile; whereas the subtracted data indicates 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 3 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. Additional 
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 spheres was extracted from 
data obtained when Styrofoam columns wete used as support. The 
results are interpreted in terms of the distribution of cumulative 
error relative to the theoretical sphere cross section in the case 
of both the subtracted values of the combined target and mount 
values. The discrimination system was used to 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 obtained on target-plus-mount and 
that obtained on the mount alone. 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 mentioned in Subsection 5 1  These data are included in 
Figures 5-33 through 5-53.  The theoretical cross 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 1-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, in which a 
total time of 30 minutes and 5 minutes was expended, since they 
represent the worst and 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 omission of amplitude error effects can severely 
influence these results in some cases. A random component and a 
monotonic drift component appear in these data.  These data, and 
the fact that the phase data obtained during the two data rung 
diverged, suggest that a correlation factor can be applied to re- 
duce the net error.  Figure 5-55 contains an illustration of ehe 
results of using a correction term which is defined under the 
assumption that the phase error increases uniformly from a zero 
value at the start of the data run to the value cf the net phase 
closing error at the end of the run  In this figure, the error 
in the computed sphere value is shown without the correction factor 
for comparison  The improved accuracy realized by using this pro- 
cedure suggests that incorporation cf the appropriate correcting 
procedure in the data processing could be used to increase the sys- 
tem accuracy  The sensitivity cf the computed cross section to 
the relative phase of the two basic data runs, discussed in Sec- 
tion 2 and illustrated in Figures 2-il through 2-13, is illustrated 
in Figure 3-56-  In this figure, an approximate measure of the 
relative phase of the target plus-mount and mon?  data runs is 
superimposed on the computed cross section trace, of Figure 5-42. 
As predicted in Section 2, the error in the subtracted result 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 apparently 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/S-, 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 
instability, 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 erroneous constant 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 net appear on subsequent 
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 signal level on the target-plus-mount 
trace when this level coincides with a null In the return from the 
mount alone.  Example data points 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 really- 
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 measurevaent 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 5-77 and 
5-78) 

Cross Section 
Azinuth Angle 

(degree) 
(dbsm) 

Measured Maxlnum Theoretical i 

80.5 -55.2 -55.5 
80.1 -55.2 -55.5 
79.7 -54.2 -55.4 
79.3 -53.2 -55.2      1 
78.9 -52.3 -55.3 

63.3 -53.2 -55.4      | 
62.9 -53.8 -55.5      1 
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      1 

50c5 -52.4 -55.5      1 
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 

95 



Table 5-2 MEASURED AND MAXIMUM THEORETICAL 
CROSS SECTION LEVELS (5/8-Inch 
Sphere Shown in Figures 5-70 and 
5-71) 

Cross Section 
j   Azimuth Angle 

(degree) 
(dbsm) 

Measured MaximuM Theoretical 1 

60.1 -49.0 -50.4       | 
1      59.7 -49.1 -50.4 

59.3 -49.2 -50.2 
58.9 -48.9 -50.0 
58,5 -49.7 -50.0       j 

56.9 -49.3 -50.4 
56-5 -49.0 -50.4 

1      56.1 -49.8 -50.6 
j      55.7 -49.6 -50.6 
1      55.3 -48.7 -50.6 

298.9 -48.6 -50.6 
298.5 -48.8 -50.6 
298.1 -48.6 -50.6 

j     297.7 -48.7 -50.8 
297.3 -49.0 -50.6 

290.9 -48.9 -50.4       j 
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       1 
215.3 -48.2 -49.9       | 
2U.9 -48.4 -49.8 
214.5 -48.3 -49.6 
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Tabl*» S-3 MEASURED AND MAXIMUM THEORETICAL 
CROSS SECTION LEVELS  (5/8-Inch 
Sphere Shown in Figures 5-64 and 
5-65) 

[            1 

Azlnuth Angle 
(degree) 

,                    

Cross Section 
(dbsa)             | 

Measured Maxlaum Theoretical  i 

290.2 
2898 
289.4 

j      289.4 
288.6 

1      288.2 
287.8 
287=4 
287.0 
286.6 

-49.9 
-49.9 
-49 = 3 
-49.5 
-498 

-49.8 
-49 8 
-49 9 
-49 7 
-49 8 

-50.6       1 
-50 6 
-50.6 
-50.6 
-50 6 

-50.6 
-50.6 
-50.5 
-50-4 
-50.2 

5.3 Sphere Cone Measurement Results 

As previously indicated, a 30-degree, 5.1-inch diaaeter 
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 Ol-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 the 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 required «re 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 of 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 a 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 magnitude 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 probability density distri- 
bution of cross section error relative to the low background 
measurement of the sphere-cone in terms of the computed and target- 
plus-mount values. An examination of these data will reveal that 
the median error values are 0.6 and 2.65 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 section 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 a series 
of spheres under low background conditions (see Reference 10). 

Data resulting from measurements made by using horizontal 
polarization are shown in Figures 5-95 through 5-115.  Three sets 
of data at this polarization are included to illustrate the re- 
peatability, at least in a statistical sense, of this type of 
measurement.  In this series of data runs, ihe target «as care- 
fully placed on and removed from the mount so  as to minimize dif- 
ferences resulting from physical displacement 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.  Cress 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 fro« 
interaction between the target and aount was reduced to less than 
0.5 db relative to the low background aeasureaent data.  This re- 
sult is at least in part explainable by seans 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 
1-degree azimuth increments in 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 polarization 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 about 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 Section 51, 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, 5-17 MIDRANGE REFERENCE CORNER CROSS SECTION 
STABILITY - HORIZONTAL POLARIZATION 
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Fig.   5-27    CROSS SECTION DATA FOR A SMALL STYROFOAM 
COLUMN  -  HORIZONTAL POLARIZATION 
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Fig. 5-28 CROSS SECTION DATA FOR A SMALL STYROFOAM 
COLUMN - HORIZONTAL POLARIZATION 
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Fig.   5-33    TARGET-PLUS-MOUNT CROSS  SECTION    1   for 
2-INCH-DIAMETER SPHERE  - VERTICAL 
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 
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Fig.   5-41    MOUNT CROSS SECTION    2 FOR 2-INCH-DIAMETER 
SPHERE  - HORIZONTAL POLARIZATION 
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Fig. 5-42  COMPUTED CROSS SECTION  2 FOR 2-INCH- 
DIAMETER SPHERE - HORIZONTAL POLARIZATION 

141 



100 

b 

u 

5.0 

ERROR, AÖ" - db 

Fig. 5-43 CUMULATIVE CROSS SECTION ERROR DISTRIBUTION 
2 FOR 2-INCH-DIAMETER SPHERE - HORIZONTAL 
POLARIZATION 

142 



zn 



"1 

OQ 

I 

V*7l 

PC 
o 5» 
M 
N 
O 
Z 
H 
> 

o 

I z 

£ 

ho 

O 

M   I 

z z o PC 
I 

D 

en 

' ! 

: i 

i 

......   .   j..   ... 

•       ■       p    '• 

\- 

_ --     ■■t  

'     i:    "     .. 

■       .:       ■       ■       I       '       ■ 



e^r 



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  - HORIZONTAL POLARIZATION 
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Fig.   5-56    COMPARISON OF RELATIVE PHASE AND COMPUTED CROSS  SECTION 
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Fig. 5-57 TARGET-PLUS-MOUNT CROSS SECTION FOR 7/8-INCH 
DIAMETER SPHERE - HORIZONTAL POLARIZATION 
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Fig. 5-58 MOUNT CROSS SECTION FOR 7/8-INCH-DIAMETER 
SPHERE - HORIZONTAL POLARIZATION 
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Fig    5-59    COMPUTED CROSS  SECTION FOR 7/8-INCH-DIAMETER 
00 SPHERE  - HORIZONTAL POLARIZATION 
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Fig. 5-63 CUMULATIVE CROSS SECTION ERROR DISTRIBUTION FOR 
7/8-INCH-DIAMETER SPHERE - HORIZONTAL POLARIZATION 
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Fig. 5-64 TARGET-PLUS-MOUNT CROSS SECTION  1 FOR 
5/8-INCH-DIAMETER SPHERE - HORIZONTAL 
POLARIZATION 
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Fig.   5-65    MOUNT CROSS SECTION     1 FOR 5/8-INCH-DIAMETER 
SPHERE  -  HORIZONTAL POLARIZATION 
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Fig, 5-66 COMPUTED CROSS SECTION  i FOR 5/8-INCH- 
DIAMETER SPHERE - HORIZONTAL POLARIZATION 
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Fig. 5-70 TARGET-PLUS-MOUNT CROSS SECTION 2 FOR 
5/8-INCH-DIAMETER SPHERE - HORIZONTAL 
POLARIZATION 
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Fig. 5-71 MOUNT CROSS SECTION 2 FOR 5/8-INCH DIAMETER 
SPHERE - HORIZONTAL POLARIZATION 
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Fig.   5-72     COMPUTED CROSS  CECTION     2 FOR 5/8-1NCH- 
DIAMETER  SPHERE  -  HORIZONTAL POLARIZATION 
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Fig. 5-76 CUMÜUTIVE CROSS SECTION ERROR 
DISTRIBUTION FOR 5/8-INCH-DIAMETER 
SPHERES - 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. 5-78 MOUNT CROSS SECTION FOR 1/2-INCH-DIAMETER 
SPHERE - VERTICAL POLARIZATION 
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Fig.   5-79    COMPUTED CROSS  SECTION FOR  1/2-INCH-DIAMETER 
SPHERE - VERTICAL POLARIZATION 
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Fig. 5-80 CUMULATIVE CROSS SECTION ERROR DISTRIBUTION FOR 1/2- 
INCH-DIAMETER SPHERE - VERTICAL POLARIZATION 
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Fig. 5-84 COMPARISON OF CUMULATIVE CALCULATED ERROR 
DISTRIBUTION FOR A SERIES OF SPHERES 
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Flg. 5-86 LOW BACKGROUND SPHERE-CONE CROSS 
SECTION FOR VERTICAL POLARIZATION 
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Fig. 5-87 TARGET-PLUS-MOUNT CROSS SECTION FOR. SPHERE 
CONE - VERTICAL POLARIZATION 
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Fig.   5-88    MOUNT CROSS SECTION FOR SPHERE CONE 
VERTICAL POLARIZATION 
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Fig„   5-89    COMPUTED CROSS SECTION FOR SPHERE CONE 
VERTICAL POLARIZATION 
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Fig.   5-93    COMPARISON OF SPHERE CONE CROSS SECTION 
DATA FOR VERTICAL POLARIZATION 
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Fig. 5-94 CUMULATIVE CROSS SECTION ERROR FOR SPHERE 
CONE DATA - VERTICAL POLARIZATION 
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Fig.   5-95    LOW BACKGROUND SPHERE CONE CROSS 
SECTION FOR HORIZONTAL POLARIZATION 
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Fig. 5-96 TARGET-PLUS-MOUNT CROSS SECTION 1 FOR SPHERE 
CONE - HORIZONTAL POLARIZATION 
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Fig. 5-97 MOUNT CROSS SECTION  1 FOR SPHERE CONE 
HORIZONTAL POLARIZATION 
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Fig.   5-98    COMPUTED CROSS SECTION    1 FOR SPHERE CONE 
HORIZONTAL POLARIZATION 
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Fig. 5-102 COMPARISON OF SPHERE CONE CROSS 
SECTION DATA FOR HORIZONTAL 
POLARIZATION 
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Fig.   5-103    TARGET-PLUS-MOUNT CROSS  SECTION    2 FOR SPHERE 
CONE- HORIZONTAL POLARIZATION 
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Fig. 5-104 MOUNT CROSS SECTION 2 FOR SPHERE CONE 
HORIZONTAL POLARIZATION 
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Fig. 5-105 COMPUTED CROSS SECTION 2 FOR SPHERE CONE 
UITH REFERENCE SUPERIMPOSED - HORIZONTAL 
POLARIZATION 
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Fig. 5-109 TARGET-PLUS-MOUNT CROSS SECTION 
CONE - HORIZONTAL POLARIZATION 

3 FOR SPHERE 
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Fig.   5-110    MOUNT CROSS  SECTION     3 FOR SPHERE CONE  - 
HORIZONTAL POLARIZATION 
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Fig. 5-111 COMPUTED CROSS SECTION 3 FOR SPHERE 
CONE WITH REFERENCE SUPERIMPOSED - 
HORIZONTAL POLARIZATION 
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Fig. 5-115 CUMULATIVE CROSS SECTION ERROR DISTRIBUTION FOR 
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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 
algorithlm, has been experimentally demonstrated for measurements 
in L-bando 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 correlation 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 of about 7 db, resulting from the 
influence of the target support system, was reduced to about 1 db 
in the vicinity of nose-on, in the case of the sphere-cone tar- 
get, by use of this discrimination system. This result was obtained 
with the target cross sectlcii about 4 db below that of the mount 
cross section. 

The primary source of error in the discrimination system 
appears to be phase instability not associated with electronic 
phase equipments. On the basis of amplitude and phase instability 
of the overall system, the 90-percentile background improvement 
capability is in the vicinity of 19 db and 11 db for the above 
cited cases, respectively. The corresponding measure of perform- 
ance of the phase measurement electronic equipment 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 on 
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 overall system 
performance. 

The results of preliminary tests (Section 3) indicate that 
the performance of a similar system implemented at Band 6 (A to 
8 gigacycles) will still provide a re.?*criable 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 I 

TARGET SUPPORT CANCE1LATIO?» SYSTEM 

The block diagram of a target sjpport 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 effort was cancelled in order 
to place more emphasis on the discriminaticn svstem supplemented 
under the R&D program 

The cancellation system is illustrated in biock diagram form 
in Figure 1*1. The system was to operate in conjunction with the 
normal RAT SCAT equipment complement  In this system, cancella- 
tion is achieved at the intermediate frequency (IF! level  A 
stable IF oscillator is v*J « a coherent reference  The stable 
IF modulates the stable raa  frequency (RF) carrier in the single 
side band modulator to provlce a sum frequency output to the 
transmitter. Thi* sum frequency is then pulse modulated and trans- 
mitted. A portion of the stable IF is pulse gated at a time slightly 
before the reception of the backgrcund signais of interest  rwo 
adjacent pulses Identical to ehe tramrtitted pulse width are se- 
leeted from the tapped delay line so that background cancellation 
can be achieved over an interval before ana after the target range 
of interest. The two pulses are passed through attenuators and 
phase shifters and then summed with the If  background signals. 
Proper adjustment of the attenuators and phase shifters vill pro- 
vide the background cancellation.  The output indicator can be 
either an oscilloscope of the Scientific Atlanta paper chart re- 
corder . 

In order to achieve successful cancellation by use of this 
technique, it is necessary that the ancellatlon equipment be  free 
of amplitude, phase, and time Jitter  It may oe necessary to 
synchronize the timing unit with the stable IF cscillator  Back- 
ground reduction on the crder of 20 db is expected when this IF 
cancellation technique is used. 

For use in the cancellation system, the Sand *  i  I  to 2  giga- 
cycles) transmitter-receiver units must be modified for coherent 
operation to provide a phase measurement capability  With these 
modifications incorporated, a stabilized transmitter master oscil- 
lator, a stabilized local oscillator output, and a stable 60-mega- 
cycle coherent signal would be phase-locked to the transmitter 
output.  (NOTE  The above requirements are essentiall.v identical 
to those specified for the discrimination system implemented for 
Band 4.) 
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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 1-2. 
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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 neasure of the suitability of radar 
systevs for phase aeasureaent or systes or conponent phase sta- 
bility. Phase stability in some tense 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 herein 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 ehe 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 reduction scheme tc be implemented. All of 
the tests discussed herein are based on 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 

et f2    Et  cos (u)t -l-a>iM + 0t:> (11-1) 

e8 - 1(1 Es cos (^t -f ^^ + 0S) (11-2) 
c 

where the t and s subscripts denote target and reference, re- 
spectively. The 2 Ad u)/c term represents the effect a shift in 
the physical position, Ad, of the target. The 2RAu)/c term is in- 
cluded to represent the effect of a frequency shift over the range 
length, R. If the reference signal is provided in the vicinity 
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 in 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 es and 
et. The signal which will be recorded, E^x> can be  written as 

E2T - E2S + E
2
t - 2EsEt cos (0t - 08) (II-3) 

The amplitude of es 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 a 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  4 sin2  (0t " 0g) . db (II-4) 

consequently, (0t - 0S) 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 Che phase change introduced by frequency changes, 
can be obtained by using the same procedure and replacing the et 
signal with the signal on the dashed line. 

Fixed Scatter Reference 

/ 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 assunptions, 
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 llmltatlom» this test was not conducted prior 
to Implementation of the discrimination 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 Interferrlng 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 ho^rs 
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 frost the target to be manually 
tracked by use of the variable attenuator and phase shifter. With 
this system, a simultaneous measurement of the phase and amplitude 
of the return of the target can be made at fixed target positions. 
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 11-4. 
By using this method, the problems which may be created through 
the use of a reference oscillator at the radar can be avoided. 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 utillzaticn 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 II-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 additions will be required to implement this system at 
the RAT SCAT site  Additional, feed horns, an IF system, additional 
power supply capacity, and additional local oscillator capacity 
are among these requirements 

Dual Channel Measurement System 

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

E2! - E28 + Et
2 + 2EsEt cos (0t - V C11^) 

and 
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Es+Et 2EJE,. sin (0, ^s) (11-6) 

from which the true angle can be determined  This procedure is 
used in the measurement system shown in Figure 11*5, which is a 
combination of previously discussed systems o The reference scat- 
terer is placed on the same range as the target to avoid frequency 
drift problems c Some equipment phase instability problems are 
avoided because of similar paths of the reference and target sig- 
nals. The signals represented by Equations II-5 and II-6 are 
registered jm separate recorders. A net ff /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 and amplitude of the return from the target 
can, in theory, be calculated. The recorded signals will be ß 
measure of radar cross section, and Equations II-5 and II-6 can 
be written as 

o% !    -     CJg    +     OTt       - 2     Crs   CTt       ccs   (0t  -   0S>     (11-7) 

^s    *■     at      -2 {Og   Ot      sin (0t -  0S)     (II-8) 

These equations can be readily solved for Crt and (0t  0S) 

a. 
(CTx +C2) 

+ crl a2 + crs iux + a2)  -a 

(0t " ^s^ " 'tan 
-1 (^2 " ui 

aO 

Os  "   0t ai-9) 

Ambiguities In these relations can be resolved by substituting 
values of at and (0t - 0S) into Equations 11-8 and II-9. Aside 
fro!» the problems associated with the basic measurement systems 
previously discussed, such as antenna isolation and the external 
phase instability discovered during the Bnnd 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 as/ at is very 
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small or large. Llaiters on a servo system could be provided to 
obtain better results, but system complexity would be greatly in- 
creased. 
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