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A
desi gns were generated for the two requirements). The princi pal design ground
rules included hi gh reliab ility and ease of maintenance (to be maintained by

a min imum c r e w ) , automatic detection , automatic clutter adaptation , automatic
performance monitoring/fault location (PM/FL) and use cf low—risk technology at
a reasonable investment.

The recommended system is an L—band , all solid—state phased array , pencil—
beam radar. The radar can be maintained by a three—man maintenance crew .
Radar control , PM/FL , clutter adaptation , and ou tpu t da ta in te r f ace  are a l l
under the control of a (dual) general purpose computer.
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This report , prepared by the General Electric Company for Rome Air
Development Center under Contract No. F30602—76-C—0380 was compiled by
T. B. Shields, the Study Director. Major contr ibutors were S. E. Bell , M. 1. Fox ,
L.D. Hayes , R.D . King, J.W. Krueger, D.J . Murrow , N.A. Schmitz , F. D. Shapiro ,
J. J. Stewart, and R. D. Wengenroth. B. Cameron was the General Electric Company
Program Manager . R.A . Ackley and A.S. Brlggs were the RADC Program Monitors.
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SECTION 1

SYSTEM REQU IREMENTS

1. P E R F O R M A N C E  REQU iREMENTS

The performance parameters of the Statement of Work I SOW , for thC type B
(3 —D ) radar , .~t ipu la te  that it w ill provide detection and track ~or up to 100 a irc ra f t  in

a (oYd’rage volume extend ing to a r ange of either 2 0) )  or 150 r rn i , an a l t i tu de  of up to
l i W , I ) ) ) ) )  a nd to art elevation ang le of 25 , and 360 • in a z i m u t h . The output  t rack da ta

will  con ta in identification Friend or Foe (1FF) , height , and positional data on a

spectrum of a i rc ra f t  rang ing from small single engine planes with ground speeds as

low as ~O kts , to large supersonic a i rcraf t  with velocities of up to 2400 kts ‘l’hi

probability of track ini t ia t ion and maintenance shall be 95(~ for a ircraft in t L e  coverage

- j volume , and 99. ~~ for dropping track . Track init iate and track drop will be accom-

plished within 45 s and 36 s, respectively. Detection and track capability will be

maintained in clutter regions created b~ terrain , weather , or aurora . The radar will

also be capable of detecting zero Doppler targets (i . e. , those with tangential fligh t

paths) over clutter regions.

2 . EQUIPMENT REQUIREMENTS

The thrust in establishing the equipment confi guration is to maximize reliability ,

while minimizing life cycle costs and maintenance requirements. The goal is to pro-

vide a system that max - be operated with minimal attention , and with a growth potential

for being operated in a totally unattended manner. To obtain these goals the design
must optimize redundancy , modularity , simplicity of desi gn , gra ceful degradauon ,
built—i n monitoring, fault analysis , and self repair.

1— 1 - 1 — 2  
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SECTION II

SYSTEM OPTIMIZATION

As a first step in the design process flow , the system requirements were al-

located to form subsystem requirements. A series of tradeoff studies were then

undertaken to optimize the radar parameters using the constraints placed on the svs-

tern design by the requirements . These radar parameters in turn were used to

formulate candidate systems which were examined for their inherent reliability,

ma intainability , life cycle cost , sim plicity of design , and available technology to

establish a baseline design which was then finalized.

1. SYSTE M PERI ’ORMANCE TRADEOFF STUD~~ S

a. POWE R APERTUR E

The “search range equation ” , Equation (2- 1) equates average transmitter power
times effective aperture area to a constant. This , of course , only holds true where

the probability of detection , probability of false alarm , target radar cross section ,
scanned volume , frame time , and target range are established fa ctors. Using this

relationshi~ , the power—aperture may be optimized as a function of detection range .

In the case of a 3—D radar , this function is not applicable , as the vertical angular

sensitivit~ for the height measurement must also be considered . The equation may

be mod if ~ed by substituting in the generalized form of the angular error equation ,
Equation (2—2).  This yields E quation (2—3) ,  where the power times aperture squared

is equal to ~ constant . Using Equation (2—3 ) , the power—aperture may be optimized

for the 3—D radar.

(SNR ) I1 87r R 4 K T  L
P A = Constantavg Tf 0

2— 1 
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where

= I •~~rated s ignal—to—noise ratio

= Scannt- d volume in steradians

H = flange in meters

K = Boltzmann ’s constant

T System noise temperature

L System losses

Frame time in seconds

7 = Target cross section in meters

P = Average transmitter poweravg
- 2A = A perture area in meter

2 2
SNR — _ _ _ _  = 

1.28 c
2 2 ~ 2 2 2K e K l e A
S S t

where

1. 13 c 
= Elevat ion beamwidth

f \ A

c Velocity of light

— Transmitter frequency

. 2A Aperture area in meter

= Ang le system error—detection slope

e = Angular error in radians

l.28 c2 11 8r -R 4 K T  L
P A 2 

= 2 2 2 
n 

= Constant (2—3 1avg f K  e T rt a I
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A further constraint on aperture size is the restriction on the beamwidth dicta-
ted by angular resolution , elevation measurement, and scan rates. The maximum
aperture size or gain is established by the minimum beam size to scan the volume in
the required frame time. The minimum aperture size is in turn constrained by the
azimuth resolution , and maximum elevation beamwidth for accurate height measure-

ment . These constraints are shown graphically in Figure 2—1 . The area above the

diagona l line represents the operating conditions prohibited liv the dwell - t ime con-
straint , and sets the max imum allowable antenna gain at 41 dB . The minim um gain

j is 34 dB , established by the resolution/accuracy requirements .

~L 
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Fi gure 2— 1 . Scanning Pencil Ream Antenn a ( onstr a iat ~.,
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System cost may be determined by taking the cost of the transmitter in dollars
per watt times the average output power; the cost o~ the antenna in dollars per meter
squared times the area; a constant for the receiver , signal processor; etc. Com-
bining this relationship with Equation (2—3 ) and takin g the derivative equated to zero ,
the optim um power aperture may be established in terms of cost . This is shown in
Figure 2—2 for a range of antenna gains with no constra int on maximum antenna size.

E
L

~~~~~~~~~~~~~~~~~~~~Ii~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Figure 2— 2 . 3—D Radar Power A perture Cost With No Antenna Size Limit

2— 4

- _ _ _



b. FREQUENCY SELECTION

The principal frequency selection cri teria is sho’~n in l th lC 2 — 1 .  Based t ID

cost and clutter consideration s as the d r i v i n g  f a n c t a n s , ( i  at io f l  it t ltr: t  High 1’ re—

quency (UHF)  is preferable. On the other hand , if in~ u l : t r  accu racy , mult ipath ,

aperture size , and/or bandwidth are the dr iving funct ions , S-1 :tnd is preferable.

L—Band , as may be expected , is a compromise between th & two fur  :t l l  cases .

For the 3—D radar , clutter performance and cost ai- . more ~rit 1cal d r i v i n g  the

choice toward s the lower frequencies.

c. ANTENNA CONFIGURATION

The relative merits of rotating and f~~ed antenna s~ stems were evaluated in

terms of implementation , bandwidth , and frequency.

In the case of the mechanically rotatin g antenna , a pr:~ctica1 l imi t  for the size

of minimally—attended rotating antennas is constrained by the goal of fitting inside a

standard 55—ft radome. As the azimuth beamwidth is limited between the az imuth

resolution of 3 0  and the beamwidth required to scan the volumetric coverage in the

required frame time , the antenna width between these limits may be determined as a

function of frequency as shown in Figure 2—3 , The aperture width at UHF makes it —

undesirable for use with a rotating antenna. Based on all of the above consideration s

the choice in the candidate system narrow s down to a rotating L—Band antenn a vs a

fixed UHF antenna.

d. PENCIL BEAM VS STACF~~D BEAM CON&DERATIONS

The total ener~~’ required on target in a scan is essentially independent of the

use of a pencil beam or stacked beam. This is true for both detection and angular

measurement requirements and is a result of the SNR required for detection or

measurement being nearly the same for both cases. in the ct~se of the pencil beam ,

the SNR must be obtained by illuminating the target with sufficien t ener~ v in a s ing le

transmission. Usin g stacked beams , the ener~~ per pulse may be reduced b~ the

number of transmission s that illuminate the target , assuming coherent integration

of returns.

2—~



TA BLE 2- 1 . PRINCIPAL FREQUENCY SELECTION CRITERIA

L—Band S—Band

Power—A perture Costs Low Moderate High

A perture Size Large Medium Small

Angular Accuracy Limited Good Excellent

Bandwidth Narrow Moderate High

Clutter Amplitude Low Medium Hig h

Clutter Spectru m Confined Reasonable Broad

Clutter Processing Doppler Filter Doppler Filter Bandwidth , MT I ,
and/or MTI and/or Circular

Polarizati on

System Noise Temperature Low Medium Hi gh

Multipath Performance Fair Good Excellent

As previously discussed , the aperture area , or ga in , is essentially sized by
the azimuth resolution , height measurement , and scan t ime requirements , and wil l be

— 

substantially the same for both cases. The reduction in energy per pulse for the
stacked bea m case may, therefore, be provided by reducing the per pulse t r a n s n i i t t  r
ener~~’ in the beam . The limitation on scan time , and beamw idth for the case of the
pencil beam , l imits  the exam ination of a target during a scan t ime to approxim ately
2 looks/scan. For the stacked beam radar , assume that eight beams are formed.
This provides enough time for the two bursts of eight pulses (each burst on a different
Pulse Repetition Frequency (PRF)). The t ransmit ter  power in each beam may he
reduced by 9 dB , but since the tr ansmit  beam must encompass all eigh t receive beams .
the total transm itted power per transmission is equal to that used by the pencil h e m
system. There is , therefore , no advantage from an energy viewpoint to either sy s tem .
The major differences are in the signal processing, implem entation , and re la t ive
costs of the two schemes.
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The stacked beam system requires an intricate beam forming matr ix , Sep arat e
receivers and signal processors for each beam , and a complex rota ry joint to hafl( 11t.

the total number of beams. In terms of relative costs , processing e ight stacked beams
with ftill capability clearly requires more equipment than processing a three—channel
monopulse pencil beam. Compromises to reduce the equipment conten t , of course ,
may be taken with a resultant degradation in performance. Normal l y , a stacked beam
system generates narrow beams at the lower elevation angles and broad beams at the
upper elevation s This could reduce the number of beams to he processed to perhaps
six . As a consequence , the height accuracy achievable at the upper elevation s is
sign i ficantly degraded. Another alternative is to t ime share a processor between
beams , at the cost of reducing the number of independent height samples available .

An advantage of the monopulse processing on a pencil beam is tha t independent
sum and difference beam illuminations permit the simultaneous achievement of low
sidelobes and high sensi t ivi ty .  On a stacked beam radar , the beams are designed for
acceptable crossover loss and sidelobe levels. Sensitivity is a parameter which can-
not he independently varied . Low antenna sidelobes on a stacked beam antenna (e. g .,
below —25 dB) are difficult to achieve and require an expensive , com plex beamform ing
system. -

Other problems associated with stacked beam radars are in receiver channel
calibration and system losses. Receiver channel calibration using pilot pulse signals
has been suggested as an easy solution to the first problem . It is easy only in concept .
In practice , it is difficult  and expensive in terms of design t ime , rel iability , hard—
ware implementation and maintenance.

System losses for the stacked beam system due to the inevitable processing
losses associated with coheren t hitegration and losses in the beamformin g ma t r ix
sh~ a1d result in slightly higher total losses for the stacked beam with respect to the
pencil beam.

2—S 
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e. P E N C I L  B EAM VS S’I’ACNE D BEAM SiGNAL I’ROCESSTh G

A major difference between the stacked bean ; -2n d t u n e d  beam approaches I~e~
in the ap il l i cahic  si~~ al processing. The pencil be an i~ gener al ly  restricted to using

a Moving Target indicator ( \ l ’I ’I )  s ignal processing appro ac due to the lim ited num-

ber of hits ava ilable . On the other hand , the stacked beam is generally restricted to

a Doppler filter processor if the benefits of coherent processing a t -c to be rea l ize~ .

To fully evaluate the desirability of either th e stacked beam or pencil beam approaches ,

the two forms of s ignal processing must be evaluated .

With a max imum detection range of 20u  nmi , the waveforms and processing used

to detect long—range targets are certainl different  from the an t i c lu t t e r waveforms  used

to detect tar~, et s  at shorter ranges. This is equally true for either a stacked bea m

radar or a scanning—pencil beam radar.

R a in  clutter at 100 to 125 nmi is subject to wind shear which may be expected

to spread the return Doppler over 150 Hz at 1.—Band . This broad Doppler spread

drives the antic lutter waveform , either ~dTI or pulse Doppler , to a high PRF. A

PRE of about 500 Hz , corresponding to an interpulse range of 150 nmi , is the mini-

n ium which could be used without  seriously compromising the capability of any clutter

suppression scheme. .\ PRF’ of about 750 Hz , corresponding to an interpulse range

of 1~ u nmi , is much better.  For both the stacked beam and the pencil beam radar , a

separate waveform ~~ith a l onger interpulse period and more ener~ c per pulse is re-

qu ired to acbieve long—range detections.

A problem common to both a Dopp ler filter bank and an MT 1 is “blind speeds ” .

The prch lern can be j ea d e  less severe by the use of multipl e or staggered PR F’s.

Conside ;~ a Doppler fil ter—type waveform appropriate  in response to rain clutter ,

consistin g of perhaps S pulses at 500 Hz PRF. Two waveforms are transmitted at

different PRF ’ s and each is processed in an 8—pulse Doppler filter bank . Figure 2 — 4

indicates the frequency responses of the S Doppler filters for each of the two wave-

forms. Each filter has a periodic response with the period equal to the PRF. E ach

fil ter bandwidth is roughly one-eighth of the PRF . If clutter around zero Doppler is

present , it will no passed by filter No . 1. In such an event the output of filter N o . 1

j~ discarded. But because of the fil ler  periodicitv , tar get  returns at Dopplers around

2 — 9
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iht ’g & ’r multiples of tn e P U t ’  are discarded as well .  This blind speed problem i~
hel ped by u sing t w u  waveforms with PR F’s wh o ’t ~ ( l t f t t ’ r  by the f i l te r  bandwidth .  A s

shown in Fi gure 2 — 4 , the f ir s t  bl ind speeds do not ~ \ e r l : i j , so a target re turn a t. the
blind speed of either wa veform w i l l  be detected b the other ~‘a ~‘eform.

However , not a l l bl ind speeds arc eliminated . i~ ye ry seventh b lind speed of ~h t~~ h
PH I’ (500 H z ,  coincides with every eighth i~i in d speed of t he lower PHI-’ (4 :1 7 . 5 H z .
Hence , blind speeds exist  at integer mu l t i p l e s  of 35W I  Hz . An a i rc raf t  f lying I t

Mach 3 ~~i i l  experience a Doppler shift  of over ~ LHz . He nce , if velo city coverage to

* Mach 3 is required , I)opp le r f i l te r  process ing  ~ i ll resul t  in four blind speeds.

This problem is even more severe when weather clutter is present , when wind
shear may be expected to spread the weather return Dopp ler over 151) Hz or more.
This is il lustrated in Figure 2 — 5 ~ here t may be seen that three fi l ter  outputs (Nos.

8, 1, and 2 )  cont a in  clutter.  Therefore , t hree- e ig hts of all target Dopplers are
mas .ed by clutter. Using two waveforms at different  PH F’ s will not help the s i tuat ion
appreciably . A simple MT I , of course , also has the disadvantage of conta ining blind

speeds at target Dopplers that are mult iples of the PH F . A staggered PRF can elim-
inate the blind speed s, but the resulting f i l t e r  may still contain deep notches at many
target velocit ies . This problem is greatly reduced by the use of mult iple  stagger
codes . Althoug h no M TI stagger code to ta l ly  elim inates near blind speeds within the

pass band , different  stagger codes y ield different  low response points. Hence , hy

t ransmit t ing  and processing two M TI  waveforms with different  stagger codes , e i ther
in the same beam po sition or at adjacent  beam positions with a high—bean i packing
density , it is possible to main ta in  near uniform sens i t iv i ty  vs frequency.

(U Ground Clutter Rejection

For ground clutter the r ada r  al t i tude of 450() ft ~the highest specified 1 gives the

most severe requ irements. The radar horizon is ~3 nmi  distant  and can contain
ground clutter for the full extent. If the area is mountainous w ith s imi lar  4500—ft

peaks , the bea m could contain ground clutter to ranges of 165 n n h i .  For purpose s of
this design, the ground clutter reflectivity will be considered to be constant to 12 ( 1 n ,~;i

and then drop off at a rate of 12 dB/octave beyond th a t  range.

2 — i l l
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The beam are a  on the ground at 120 ri mi is a p p r o x i m a t e l y o7 . 2 dBm . At
th ‘I1, —band , the 84 percentile ground clutter is — 2 4  1 I h i  i l l . The c lu t te r  i -etu J r  a ’

this range is therefore 43 .2 dB m 2 . To m a i n t a i n  d i L e c t i o n  performance the r equ 1’ ( l

SNR is 10.5 dB on :i single look . Therefore an improvement  factor of about 54 dB is
required . For the case of both the Doppler f i l t e r  and the M TI the appl icable  equi p-
ment and antenna—scann ing factors affect ing clrt~er sup pr ess i on  give  a l i m i t a t i o n
greater than 49 d13. With  frequency d ivers i ty  t~’ i—cn:e aei ~r four— chann e l  the
overall improvement l imi ta t i on  is increased to between 55 and 59 dll .

~2 t  Wea ther  Rejection

With an an t enna  height of 100 ft , the f irst  beam position would be placed at  U .

The max i mum cr~ ss section of the ra in  occurs at about 115 am i and holds essen t i a l ly
constant t h e r a i to r . The maximum volume of the r: , in c lu t ter  is l i S  - 2 dBm ’~. Tne
reflectivity of the ra in  clu t te r  at L—b and for 15 mm h ~

‘:i in is —~ 7 . U dBm ~~~~

Therefore , the c lut ter  cross section is 17. 3 d l t m . To m a i n t a i n  the desired pe r-
formance , a 3() dil improvement is needed .

The Doppler fi l ter , for a target not located in a c lu t te r—fi l l ed  f i l te r , w i l l  e a s i ly

provid e the requ ired 30 dB . U sing two PRY’ s th e target that com petes with c lu t ter
may normally be shifted , to a nonclut ter—fi l led f i l t e r  l i m i t e d  nec the ear l ie r  diseussio ,

on th is subject .

When confronted wi th  weather , the \ l ’FI  r adar  oper at e s  n ore e f fec t ive ly  in
special ~ eather male . In th is mal e , the management of t ime  and energ~’ and the M TT
processor conf i gurat ion are altered in real t ime to optimize the response to  e h a n g n .
interference conditions . This adaptat ion procedure is repeated every five m i n u t e s  I

t rack changing weather conditions.  A three , fou r , or s ix—pu l se  MTI wavefor m wiL
he used . The s ix—pulse  waveform wi ll  he used to g P . e  a deep null at zero v e l o c u i \  for

ground clutter  re je ct  ion and a wide notch centered at the weather Doppler frequ ency
t t provide weather rejection . i’he proper w e i gh t  for the MTI pulse t r a in  (to properly
place the wide notch)  w i l l  be selected by the data pr~x-ess~ r by exe rc i s ing  the ~~e a t h e : ’
mode to m i n i m i z e  the weather residue.

2 — 12

— -—~~~~~~~~~~~~-—-~~- —‘-—--~~~~~~~~~~~~
--- — - — -

~~~~~~
-—



I n c  average velocity across the i c - n  : 1  a . ~ v : t’ies fr  rn 0 to 21) n: S at
maximum range with  a standard deviation of (3 in s. Therefore , a de sign n -tc2

centered at l u . 4 in s wi th a wid th  of 20 .9  Fr - s w i l l  cover the r ange of in terest .
The correspond ing frequency d o m a i n  cha rae t er r -’i i c s  are a center frequency of U .

i i , ., ~ ith a width of 1~ 1 Hz . A 6—pu l se MTI W a \ ’ ct o rn i  provides i deep nul l  in cxc .-
ol 30 dB )  at zero Doppler and a broader notch to cover th e  ~ e:~t~~ sp read wi th  a
suppression of 35 dB . ‘l’he upper beams which do nut ( o n t a  in i~TOUfld ci at  or  w - I i

vide adequ: i t  e suppress ion with  three— or four—pulse  \l I I  ~ ~ d orms .

The notch center and ~~idth are adapted to the average clutter velocity t -  rq - -
t i m i ’ e  perfo rmance b providing a narrower notch , when re qui red , at the proper

mean Doppler to max imize  clutter rej ection . Nonad : lpL ;lh ie  waveforms would re t - c ’ ’
a notch width of P h t l  Hz to cover the spread from ± ls P a , t ins . - ‘g rad ing  perform. n e .

The clutter spread of 180 Hz corresiIcnhs to 33 ~ of the total  unambi guous Doppl i r a
a PHF of 331) Hz . Wi th  a Doppl er f i l t e r  i i n t ~l e n t en t , i t  ion this would correspond t o

blanking three f i l ters  in the vicinity of the clutter Doppler .

f . ELE CTR ~N 1C ( ‘ot’N Th U C ( ) UN’I ’E i  E ;\SUi ~P S r:c(’~l) I~l PLIC A T I  N S

fhe stackc-~ beam radar  wi th  Do p ine r  f i l t e r  proc t ’~~~i ng opc i’a t t s  at i~ d i s : i dv : n-
tage in an Electronic U ountermeasures 1 EC~ l 1 envi r o n m e n t .  P t rs t , I)opp ler ~r cc~ - -

t a g  r equ :  res long, si n g le— frequency w a v e f o r m s .  This nod e of operation set - i

comprorn i~~es the effect ivene ss  of f r e 1u n c \  t g i l i t v  in the reby  i n c rea se s  the rada t -
vulner abi l  ir s ’ to spot or repeater j a m n h i n~ . Second , hcc ,nas e  the tran smi t beat:

spoiled to cover the t e t n i  ci - t  Sc clot’ , the bu rn :h r  ‘ai~h capabilit y is degra2 - -

Final l y , ut the  st . eked—be am radar , low s d el ohes , a t 1 : I ) s t  effec t  we ECC~’~l fe- tn vt

are very - i t  t’ficu lt to  ach ieve .

a
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g. PENC IL BEAM \‘~~ STACKE I) BE AM S~~\ lMA1(Y

‘I’he stacked beam radar  is significantly nn re expensive than a f u n c t i o n a l l y —

- n o  t e n t  sc anning—penci l  beam radar . In the antenna , the full h eamforming  hard-

w a r e  including p illbox reflector and combining matr ices  (or correspond ing array

hc, i a former ) for t ransmi t te r  and receiver as required b achieve hi ~i: e f f i c i enc y  ad

low s lejobes is considerably more comp lex than that for a scanning beam antenna.

M u l t i p ie r t n - e l v e r ~- and processing channels , as well as ~d l ’ I ’ s :ind ’or Doppler f i l ter

lt:iiiks int ) i em e n t e ( j  on each of the mul t ip le  beams , a l so  add considerable expense.

The scanning—pencil  beam radar w i t h  M T I  process in g per forms  s a t i s t a c t i ’ : l \

in a very hen v \  c iut ter  environm ent. The scanning penci l  beam radar  a lso  has an

inherent EC C2 , l  a d v a n t a g e .  Based on the above considerations , it scanning pencil—

beam technique ~ oh MTI was  selected for the 3— D r a d ar . A three—pulse M TI wil l  l I t ’

usec in those beams where ground clutter iS Fd”~ di i t  : 5  uallv the two lower beams) .
Pulse—to—pulse s tagger  will he used w i t h  the M TI , and complem entary staggers wi l l
be used with two t ransmission s so that a n ear l \  un i f , r ia pass hand response will
result. In weather clutter , a three— , four— , or s ix—puls e  M T I  will he used .

2— 14
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SEC I i( iN Ill

ANt ) [D~ i F  St a  P S i S

The hns ic  a r i - :n cand ida tes  ar e a Y—c- . n f igura t ion , t i  cy l i nder , and v u t a t i n g
array. The h ast c  : i r rav  cotU gut’at a n  of i i  fixed aperture at ~—ha nd , I — h  iit i .

and UHF cnn t : i i n  the same n n m h e r  of elements , ~inve the s a n - c  ga ins , and are d i n e: -

Sin  n i l l v  related h’ ~he ratio of ~v : i \ ’ e ien c’d if design ed to the d i m e -  set of p a r a m e t er s .
k i - ’~~ c - c c , ap e r t - , i i - e  size needs to he considered in conjunction with e~ e1n C - u t  cost an d
the cost ol ~owet ’  generation to craw a def in i te  conclusion . The c 1~~~P date s~’stems

shown in Figure 3— 1.

A n :on i pul :se ;,eitc ii beam with tin ada p t  iVt :  ~~~~~ I and zero ~~~ icr moving ~n

dot ed -to  - .~ 11 be employed \v th an\ of the l~ oc  c:Ind d~~e SV 5 t ~~ in S.

1. ~ -t c)NF1UI ‘RATiON i~L \ N A R  -\R P ,A i

A special k-rod of the ala:’ar ar’:i ~vn t c n  ~i] ows use of central rov~
transceivers ” is the Y— configurat io n .  The V - i l i ov  s six faces with only three sets of
phase n h i f t e r s . The transceivers can be s~— :tched to the proper ‘wing ” and phase
shifters set to select the f ace .  Sca n per face is ±300 , wit h a~ sv c nte d loss of U . b ‘1i-~.

In addition to the reduced loss , the use of distributed , yet  e e- n t c a l~~,’n - ] , transceivers
is at t r nc r i ’- e .

At L— band , each array face measures )h . 5 ft \v i1e hv 24 ft h igh  \~ j t h  n te g i :l

il - F (lipoles. This array may be tower mounted and housed in a 55—ft d iameter  r --

dome. The same array face at Uli i’ wil l be 43 . 5 ft w i d e  by 72 ft . From a pr ,  - t

-.iewpo in t , this eliminates U-HF from consideration .

2. CYLIND R ICAl , A RRA Y

The t a u z i d e r a t i o n s for the select -on of the d v  h a l t  r c~iameter are the S:iiO ( ’ as

those ior the 2—D cas e .  The vertical d imens i on  is a t n f l c t i O f l  - f  t n t  - s i r e n  he: rnw ich h

a -  in iii case of -i pl ana r :irr : t ’, .  At  l i lY , a cyl nd rtc :ii array ~v nh a d i am e t e r  of
f;4 ft and a h e i ch t  of 5U I’ t u i P i  he required 1-n nr o~-id e a :t . 00  x 2 . 50  a z i m u t h  “

e l e v a t t o n  hen i i i ’ .  l i h .  ~ f t he  156 columns of dipole d e c ent — , coluntit s a r e - -ce

.___ - -- ~~- -- - - - -  -- ‘ - ,  - - - -- s~~~~~___  - --
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I’

in a ~in i u t h , uf ‘~ hi  ~~d - , a N ’  : * ci cat ch o nc t ime . ‘
~ he option s for steer in ~ t h e  1 -

in 3—i ,  space i n - :

• I se one phas t  shiner icr elt ’n :ent

• Use a h a t l e r  matrix to d c  ncr -  1, rn Sl i t . d t a n & t u s  b eams or select an~’
• PC ’ ‘- t ’ mt phaSe s h i f t er  ~e-V e I O U  ~~~~0 in :~ - . - n t ’ac~’ steer in e leva t  -

C o l u : t : n  t r : i n c - ~’ei ~ ers are housed in a t - n v - l t , s t M l  : i n , t a r  r i n g  n~ i (ie the open fr a n i t
cylinder v i .  - - l i :  front e .~ch tr an scc- : - :e t  h o ,  tL: t o -  d i i i - le t : ent s  -er a rr : ,

cut no n. The I F ant enna  e on  i g t a t  ion is shu ~’ a V i i : :  u t  r : - i  -me protection i t  - -
~~~~

~f the l : tr ge Sl’e and the openness of the st r n c t i rt - .

3. i~~i TAT~~~(~ I~11ASE [) A R J ~~~Y

The t a i l  candidate is a rotatin g phased i i - ’  - The I —hand an tenn a  cons i s t s  of
- 14 ho r t z  n~~d i m s s iv e  l inear  ar r a y s , i r o t  Inc t ~~ i w - r ~~s , s tacked one a } ave  the

t i l e r  0 ‘ - . i —in . cen te rs  to a l ta up the 23 . 2 ft ~ t - I t -  by 2 4 2  it h ig h  p lan ar  a r ray .
.\h i n t e t i  i i  r eet l \  behind each i’oW t .  

- is a dis i  a c t , - l e t  l e n t  ~~ i - ‘ n sn t  i t t e r—r e - c i - . - -c
Tht ~ L~ u r a t i on  is i l i - s e r - i h e - t  in m ore- det:I ~ in a S U b s c h J ( f l t  ; a r : i g r : ph .

The S—t ai n t ro tat ing ir i- i\ is housed in a n inog en t oas fo : d r :i l n me .  The 1 : -

high -
~ c’r :tv ta -nslst s Of appruxd ;dateiv six~v I l — f t  lun g  s t r i t ) ~ne row f t - - i s  w i t h  i n t e g r a t

elements. Sol id—stat e (Travel ing \~ a v e  Tubes T\V F I)  t r anscc i ’ er s ar- I  l ia . ;c

sh i f tc -r s , fcePi n g each a i r a  row , ar e packaged on the  - r i - - t v  behind the  r o t  c.
: t an d , i r d  11—ft long IF 1- i i  ‘ug h antenna is show-n a o:int ec on top f t h e  a L ’ l ’ : \  . - \ S .

ti l t  p t it a r m  and ~r ive  components provide a c i n u t i  rotat ion of the an t e t ia a s s & - ’~ -b-

ti- si ic IJj the S—hand antenna system lends itself to fta t it ra lnntt prot ection . The
r- ’lome shown l ea sur e s  2S ft in d l a n : t t (  r and ‘s 21 f t  h i g h . 1-~a c t o r v — I r d t c e . T i: r~
f i r  the ra don~ ire  ‘‘foam—welded ’’ together in the field , f or t l n a a l : -I . -- .d C ’ P . ( ’ .~ S i i

ture ‘~t i i  h ex cellent  R F’ t ransmission - r - in i t - s  - The as Se n i l  en radome can ne
t ’ - i p i a c e d  ver : n e  antenna onto a concrete base r i n g  i v  a ‘ a ,r n i  c o t t e r . Tl’,e

N - n :  tong electronics can be housed in the r :i dome i i t t -nn : i  i : i ~~ t ’ s t ructure  or  ii

factory—assembled shelter module.
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4 . CANDLDA ’1 E UOST CONSIDE1t\~ f lh )N S

For a fixed : r r : l\ -  vs a r i t a t  tag : irra\ , th e numb er 1 elements in az imu th  m u s t
inc rease  because sc ann inr  in az imuth  is r t~~u red ei U . S~ \ versus 0. 57xi .  A pha se

shiner per elemen t , or some form af row, column steering is needed. The total n u n , -

ber of elements required for the cylindrical a r ray  is 4. 4 t imes that required for a ro-
tating array, and ~i t imes the rotat ing - a r ray  for the Y-conf i gui -~i~ - : t . The feed sys - r - t r  - -

and feed sy stem losses are also both higher for the fixed arine s. A c o m p ar L - on  i f

eos~ a ~ olig the three cand ates all napl  i t t  - c n t e d  at I It  F ~ ~d~nwn in Figure 1—2 . The

large cost hscre1~:incv between the r o t a t i n g  and fixed system was a pr imary t’i o - t n r  a.

selecti ng - i  r o t a t i n g  S\ s t cn l  as the 3usd in  s \- stend . Included in the fi gure for con —

pa r i~ no an ne ro t a t ing IS —h an d and ro ta t ing  S—ba nd sy stems
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\ l i N t \ t  \ 1L Y — A ’ l ’ ’ l ’ E N I ) I ’t i) 3—fl IL-\ )- \it 1 - ; A — t i i N F  e3~~~I ’U ; 1 ’HA ’I ’ l t n ~

1. I :  \ L) - \ i~ s, u N l - ’IGI 1-IA ’F ION — 20 1) n e t  :‘ (Yl ’

The ro ta t ing -  rr : iV : i t  L —tu and  is re l -omn : e t i : : : w in c h  t i t i l i n e s  c : i r r e i t t l ’ :

; l v : i ; l :u i , l e  t t - c t t t u r ’ logy . An aper ture  24 .2 x 23 . 2 ft , v i t a  :1 p en i .  - O V i d  1 i i ; . 5 - \ \

i t t - N - i t o  g l i c -  a ct—a k t r a n s m i t  S i J C i U t d~~~ 1 - 1  — 2 0  u P , i i ’ r e q u i i - ( - . ~~i l1 i r o v i t t e  the

ilt ~si i ’ -d per formance .  1-’ou~’ di~ u - r s l t y  c l i a t t u c t s  at  i - - a g — r a t  - u t :  i s : t i s - t t t n t  N- t-

I ton -~ in - i  -~~-~ , s s in g  channels as  a function of e l e v : t i u n  :ingl m treduced range re ip i  t i - —

m eat s )  to a ii: i n imum of two channels w i i i  0 iii i n - . i nc  the ( lu t\’ in i t  or to  a: ix im it

r t - i  b l a t i t ,  . :\ I r anges  of 11)0 n m i  and less , a 2 1 ~ S i d  se is ascii w i th i ou  i’ II’ tV

oh: u n t O  d : v e r s t t v  range dependent) . The i I l t i c ~ d iagram f l - i - g - a r e  4 —I sOow s the
basel ine - - inf iguiratton .

2 . OPE R A l  i ’JN/\ L CON CE PT

The 3—I ) radar  will operate as a sensor p rov id in g  t h r e e— d i m e n s i o n a l  r : i , l : r i i i -

1FF d ata  t o  a rem cute center . ‘\ radar oi e r i t u  a per s i t e  is not required and , in f i t ,

Ufl 1 ) 1  sl ur ’ s d i sp l ay  console is not pros- i i i c d in h i s  in a u gh r at i o n .  _-\ 1h r :11n r :10 11’ 1
video , (I lg ithi  d:ita on detected targets , and c u n t r t 1 and s l : I t u 1 ~~ si g n a l s  r e q u i r e d  t o

o~s r :it e  the rad ar are remoted .

A maintenance console is incorporated . It inc ludes  a Plan P o s i t i o n  j r - I  - :t t or

P P11 t l i s j  m v  .t dii readouts and control s adequate  to  porn~ i t :u n i ’u r : i t e  a s sessmi -n ’ -

radar output data qualit y , and an al phanumeric (‘a i h o t l e  Ha’ .- Tube (CRT 1 t er ra  f~~~~~~ 1 f u r
communicat ing del i lied performance s t a t u s  and fault locat ion d a t a .  ‘l’he CHT l i i ’ : - ,a . — 

- 
-

is also the n i n a / n t  : u v -hine interface through which  system i n t t i : i l i z a t  ion and i n t r o

i t - r at ional  p i r : i n - t t t r  changes are icc u n : p l i s h e d .

Fh e - i  ri ’~i~’ in :i ’~ he operated unat tended,  Its pt - r t r n aunce  iS i t i n t  at  ic:ii \ , n  I

coid a t  - . sl .~ monitored a t  the Processing (‘enter to 15 5 1 1 _ t i ci’r  I-eel  ly e  ma ni ena not

— when required . .- \ r r a v  r e l i a b i l i t y  is high u - : u iu g h ( i i  a s sor t ’ roper  operation w i t h

m a i n t en a n c e  t o t  i )n s t I t he r  cor rec t ive  ul ’ I ’u ’\  u - t a u t -  at i nt e r v a l s  o t  f l i t  l ess  th an  i s ’i o

to tw o month s .  l t e~ a:ise  of the high degree of r e d t i n t ’ u i i i ’\ ju rov it i l v  th e  u i l S i  r o u ~ ,-

e lect  ~n l  es , emergency et creel ice ma intemi ace t in  I a’ - r r : u  v ~t i ll  Ia - 
~~ t ‘q ul i i’ed only

ra re ly .

I - i  
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SEi ’ l a IX \

PERA ’I ’l ( )N -\ L P.- \R A M  E U  F R 5

1. ~~i F R , -\ T IX i ,  i - H I -  I~U ’E N C Y

~ht nu ’s t e l u  -u r: ios over the 1-I , t r i ’ ig , i ’n -- h in d I r o n  I1~ 5 \ l l z  to 140( 1 a l l !. , .

The t r : i n s n t i t  f requency m a y  be var ied t h r u to- l r :i c t  itO of that haiiil or over thi-

en t i re  hand on :~ pu l se—to—pulse  l - : i ~~t s .  The r a d ar  ii1 :u\’ a I ~ e i t ’ 1 et’ :i i ed  at ii s i i i g i t ’

fix ed fre t er a-v anywhere  w i t h i n  tha t  h a i t u t .

2. F 1 ) 1  iR• \ DATI() N l-’ACT O(

I h e  r - I u t a r  i e r f t ’- i : t an ce  t o  t e r ms  it  t c - I e i - : : i i t l : t \  mu  p o S i t i l l  e s t i m a t i o n  i i ’ —

e l i r . c ~ is - : i l~~u 1 : t . -d wi th  :i 2 — d u  loss n i v o L t d  t o  r et ’i t ’ i t i h. - o ’ ’ i - a i i  lion in s e n s i t i v i t y

uv iaeh c m i - d  - - e u n t u u l a t e  uo ’ er the  long per iod  of t u r d  t i n  het ~~een ma in t enanc e  eV~~ie~~.

l’hus , i i i !. - t h e  period through w h i e h  : l t t t i : l sy st s - i t t  losses ir e  l t s s  t h a n  2 dI t , ‘ l i

- i’ :- er  f o n i t i a n i ’e ex t -is is sp eci f ied  l i m i t s .

3 . i\ I t  : \C1 - t

I’he s~ s t e n :  det ects and  locates  in r: i u g t - , hei ght , and :i:’ u a u t h  up ( i i  1( 1 ( 1  t : l r b t - t s

w : 1 l I m i  -i i ’h 12—s scan and ~~ithi n the s u i i - v e i l l : u ; u i -e ~‘ O i U f l i u  bo t t i i i l ’ ’i l 1~ :ht l i m i t s :  S t o

11)0 n m i  ~n range , up I i  25 0 in e l eva t ion , 100 k ft  in i l t i t u t u t , and 3hi l °  in a z i m u t h .

t ’h ’s& u~ r gets  a re , I ~‘ i i i ’al iv , small  fi gh t er  a int ’r:i ft l iv i n g  at  ~m u - o t i s  as h ig h as 2 - l i t  -

I ) u ’t cet t ih I I ity is ma int a  m cii on I : !  i’get returns ii: ii : e i’se l in a ha ckground - t

c lu t te r , i - ui ’ ludi ng t e r ra in or sea c lu t te r  and ~~e :u t a r  ~1 . e . ,  ra in tin sflo\\ 1. In t t ’l t .,t

- u l l s  ‘o n t a i n i n g  wea th e r  c lut ter , in t ind er  I i i  m a i n t a in t a1~get  l e t c c t i h i l i t ’i

th~ r jilge u:over:Igt a av be reduced to 150 nm i . I lowever , the 200 n f l  I c e V ei : l g t  is

‘ h a  i n t o  i i t ” i  at a l l i z i mu t h s  vuou l  of w e a t h e t ’  c l u t t e r .

-1~ t )~- t l  i tC ’L -\Pl l  f l Y

\\ h i l t  010 in ta  in ing  a f : I s e — a l a r m  rate not in excess  of : I icr 30O~ ~ ~im u t  i t  St ’ h  i i ,

t he r : j l j r  w i l l  a c h i e v e  a de tec t ion  j i r u i i i : i t i l ity ~on 1 m 2 f l u c t u a t i n g  t : l r g e t s )  of at lear ’

¶ 1 :  
- i a g t - :- f rom S t o  t i n )  a n t i . .-\ (h - I  u-c t  ion r a n g - ea l t ’u I : i t  l iii is pr  isv nied in I - a - , —

uI’ s 5— 1 .  .\ de ta i led  exp l i n a t  n m  of a ’  pa t’:1itl etei~ a lue s  useil in t h i s  en l i u i l a t  ion is

‘t iv ( .’it if Si- - I u ’fl V U I .
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1. C omp u t e  Lht- - i  - r u  in p u t  noise tenipe z- a i ur e  T , - l u l l  t w i t 1 t he  - iu u ~ r i , , in s i t - n - t s r  A t i - m w
2 .  V ot e r  i o m c ~ - i n  O t t - s  k istmwrr Sr i o ther  than -Is - m u l t i  t o ’  a ~.-~~t u , i t  [I t m - i  -w , f i t -  i ,

3. Enter u- si- t i t a n -  aiim.t i t - - zbt ’i v a ht s  Is) s - t ’ t i  ‘ii  C’ ‘- i -  - - m s t r i -
~ 

- -~~~ ~
- in the 1 j~~ i O t ,  I .  _. -O 5 -liv e t i  s -- i ii th e  m a m u ~ -l u - u . F i r - t - x ~u - -a~~ - . it  - 

~ 
_ it- _ tur u ,  -i Figs.  4 i t u  -~~~ t ,  hi i ithee 1 

~ ~~ p o s it t u -, - _ u r m - f  g o. -s it s f t . -  - j u .— t , i h i r . t - I -~~~~~~~~~.- . -  F u r s , 1 ( u s  u 1’l i F - u  _ i m - I t  , . ,  -

- -~ the r in1~~- (SC i- i-i , -‘-u~ £q. ( til t - 
- - - - -ksdar t in-u sia he ight :  1 =  ft . t u - 1:ot a t  i u - - : t  - . 0- - = ( S m -  F m ,  , I / O

it . ( ‘ snn i u i t -a t i m i i  of T , 
, ~~~. tu ~~~ r~ 1-u i - i s- , C. t )u t M - i  v a l ue s  i ’ L U S  0 

- 
M - - — i

- 
T r , i , - i ç ~ ~~~, t i . 5 -

‘ _ . 1 5- 0 2  -- 

- - 1 I 3 i  )u ) , ~~ - 
- ‘ ° ‘  - 1 4- (a) C’i ir i t )u t . -  r - - 

-‘ 
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, 
i i. ~~

— —

For T , T , - 290 t m i - .t - - 
- -  m 

- i j
- 

° - u ~i t )  - a
= t i -; ~~~ i- I . l37~t ) .  - 
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i ~ - i _ - u - , - ‘ ‘° 

-lit - ad I f ru i t s  F ’ig - i i  - - 
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- asS . i i  
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- - - _ ‘ M i t  
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‘ .~~~: 1- , : 1 t, ~ , f 27 - ’~ 1T , ~mm~~~~~i . - i . L , . ’’Ii 
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1

I 
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2
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— - 
- -i~ a - - I -

~tu ) C o s u a r u t -  t , s i r u ~’ E q. u 4l)~ . ‘ 
~~. , . 

- - -

= ‘ use T.wuu 1 mm — 
n m

- 

i ‘ 

- 
- 

-  _
- Riu~~”-a qu as i . ~ i -la O.,: - .~~ t~ i~ 1 .2 92 ,  4 4 5  -

K • : — ,- ——— — — — —— 
~ 4. (~~-t . o n the u’t t i u ri rr i ii t i s  • t i _ t I  I t ,  -

(c) COmpute  I ,. u s s  m a Eq. 41) 5 . E St- ~~ th€- s iu ~~~ a-u u - t i l i t  tu (he ito- i ,  - 7 0 
-

- at  u s i sus :  t j t , lu I ii . Subtract Ii ~ t auru i h m -  i t :  0 is 010 •_ ~ I- l 11) —
-

- I - K ~ ti T uumlr -  2 f in d  i i i , ’ - ~u ~~ - r a t .  t i - s  ind~ s~~ I - .- this net i . m s ~~~ - t  idE v i . .  t a . a . O  i t s  Si~~i i  ( 1  if l t . m
L - : r K t l i . : i m u s i t  - ~t t i u  ~ l ’ , ( 10  t a  - - - \  ~~0- -  Tis s u s k ~~ - - ‘ -

- - — - 
1 8. M t u t t i a l v  I by ~:ut-  i u t t t - u t _ l i r i m n a I a u t u , ~n t , i c t i ’ i

Add. I = K j = 
- 

(si- ,  E q .  42 ) s~s rau~’h (65) a n t  
— - 

- ~ L Figs . 1 fl in t 1, ? :  1 1 1 . 22A - F  A’ - -

9 . On th i - .l)’pI ’O! I’ I t f . - c ut -u- c of 1-’i g - ~. 21 and 22 du iu - - t t u m t - t h i - .i i n m o s j i l t s - r u i — al  s i r p t l us t  - 
° i sloSs l a t i n , -~~ , (‘ c m s ’ ( , ’spi inuhng to A’ - This t ,’, ~ - —

10 . Fund the range factor corresponding to I - ~~ 
fr a u the ( - a u r u l u  

~ti 04) - I mr by u s ing  Tal-Ic 2 . - - — — 
- ‘ -

11. M u l t i 1 . R ‘ by ~ This is a f i r s t  .p p r t x l m t  - 11 i a .  at h i s s ’ i-; ur s - ~‘ m - 2 ’
12. If A’ di f f e r s  ~m I i t i - i  i - u i d ~ i i ’ u s sr A , i - m i t  f l u -  .s~~pi~~~i r- u a u m  cu t-u - . ’ i t t  Figs . 2 1 and 22 , l i i i

the new valu e : i ,‘, i -orres pm nding I t  A’ - This  is .- , ,
~~

13 . Fund the ran~e-~-i nci - t’ .us. ’ f ac tor  ur Ic 2) corresponding i lb . - dii l. a. i .1  Wt ’ -i
‘ri m - - and 1 

- This i ’  - 
— —

14 . Multip ly m ’ s - , - This i i  n -  radar r ange in , . m r t i s r s l  i r i s  i i ’ s . ~‘ - 2 -
N m - t i - . U the i -0 ,  L a n c e  ‘i ’ ( W as - i ~ s t ~s d  I . , is a — .  t h a t ;  0~ i til l , A may be tai-, , - :  u — i i  fl u.. .

.‘iu ugr v,i 1-.a’ , . u m t ’ steps 12 t Zu- ,u~ h 14 n a y  ) m ( ~ - in ,  1. I t  1. m m - 
u s  I ‘S than 1 . 1 i l l s , t n t  Ist aken a, i l u ’ ’  f i m u , u l  raisge value , and stu p — , ( t u n a _ h 14 may is -  - r r u j t h . ’ -i. ( 1- t i- radar i t  i q t i s - i a  I ’  u t

~- m 10/ la O s rma u a m l - i f z , corrr ’u ’t i o su  t m f  th e  ti  r u m i s - m l , i ’n i i  a I ! t - ; u u u i  i - i t  bt ’u - ms sd  i i ,  I - . _ i- a l t. \i - . 1 :a c-noutsi - less i h a .  u’ 1 d1l,~

I’ I _ I u 5— 1 . Ik i i s e — H a d a r  H angt ’— ( ’: t l cuj : i t  via \\ ork Sh~-~’t
J~:ised (Sn I-~q u a t i on  ~1 t I l l

* -\ (3  l u t e  - I - nsa- I’ :ilsu - —I~:l I :lj ’ ~I ixihiiuni _ ft m n r r ( ‘.t l C 1 i I Z t t i m l h t  by 1. . \ .  l i l t / i ,I)ec ’ s i u t t - : -  23 , I - t m I I , X I I I .  l i e  m n u i

1— d P  radonie loss i m l u ~ 2 — m I U  l i t - l i :t g I n - l i ) i o f l  faa i sr.

- - - $t~~ , 1  ,‘tt -- =~~~ f l - ’~ W~~~ -~~~~~~~~~~~~~~ 
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5. ACCURACY

The accuracy of the height estimates made on all detected targets at elevations

of 0. 80 or above will be at least 2000 ft at a range of 100 nmi .

The root—mean—square (rms) error in the azimuth estimate made on all declared

targets wifl not exceed 0. 30 .

The range of detected targets will be determ ined w ith an rms error not in ex-

cess of 1500 ft.

Two aircraft separated by 2 .25° in azimuth or 2 . 150 in elevation are resolvable ,

in tha t they are detectable as distinct targets with a probability of 5~ i 7 •  Two targets

separated in range by 0. 5 nmi will be resolved with a probability of better than I) b -

5—: ~- S — - I
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SEC l ’lt )N VI

RE LIABILI ’i ’Y

1. \ITFi F’

The mean—time—between—fai lures  ( M T B F )  of the svs ten u v- i l l  be a n i i n i rn u n t  oi
1000 h. The prim e power generation and a i r  c on d i t i on i n r ~ as required to cool the
pr ieessor electronics and the 1FF’ subsystem are  excluded from this re liabi lit~
specification .

Relevant failures as defined for the purpose of calculating MTBF are those
accumulations of equipment faults which cause the loss or significant degradation u i

a major tactical function . Table 6— i indicates tolerable system losses ; that is , losses
which cL. not constitute system failures . Losses not specifically exempted therein do

constitute failures.

2 . DESIGN PHILOSOPHY

The radar will be designed for gradual performance degradation in order to

min imize  radar downtime as a result of failure of a single or small number of hard-
ware components , for example:

1. Row transceivers may have multiple failures w ith little impact on over: u ll
system performance.

2 . Sum (~2) ,  elevation — difference (~~El , az imuth  — difference (~~A z ) , and
sidelohe blanker (SLB1 channel switching w ill take place at the front end
of the final receiver and at the output of the digital MTI ’ s to provide
primary channel redundancy .

3. The digital processor will degrade gradually in the face of Pr inted \\‘ i i ~i 1,~~
Board (PWB ) failures b virtue of its mul t ip le  channel confi guration .

4 . In case of computer failure , the radar  ‘.~ 11 operate in : backup 2—D nto i t m
(a fa ilure in a reliability sense , but not totally in an opera t iona l  sense).

5. The Processing Center equipment w ill operate w ithout conditioned air  f t - u
a period of 31) minutes  dur ing 91) ’; of the expected env iron m ental
conditions.

I t — i
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SA B L E  u — i .  ‘1 ‘- )L E I tA I3LE SY S I  E~~i L— -SSi- h-
( R E L A T I V E  To \ T B F  C - \ 1 u ’ I l \ l k  iNS ( ) N I X i

- ‘unction/Equ ipment -Act, n,,u i t ib le ( uu -.u i  i t t  tan

Sen s i t iv i ty  t ’ p to 2 — d l ~ - i e gr i d a t . or u

Transmitter Frequency Source Three—fourths or more of the ova il i b l i
t r a n s m i t  freq uencies

Row Transceiver/Power Supplies Losses accc-~i~ah1e as long as S V St i  -
r t - r f s a r n t a u ~c~- does u ot  degrade more

than 2 dB

Performance Monitoring Equipment Failures ui - ’~- rei ’vant onl\’ when their
t a i l u t - n  prevents determ ination of d i - - —

~ r adat  ion in svst ~ n : performance

Fault Location Equip m ent i T h u i t  ,- ; j ; u j e m n  or location equi avii ’ :;
that l’aj s  atati has an adverse opera—
t ion ~~i effect on system perform ance
is an acceptable loss

Prime Pow er and Ai r  Condition ing N u t  r~’iev ta~

1FF Equipment Not relevant

~~, ~~El , ~~Az , or SLB Processor Loss of one of these channels Is
Channel rnissible if , in the event of a ~ u s

~~E1 or ~~,-\z channel fa i lu re , the f a i l - r e
is automatically detected and inc S1l~
channel is automatica ll\ -  p re—eu? j n u , - t .~ - :

to continue providin g the function s of
the three primary channels

Display Console Not relevant , since console is used
for maintenance PU~~~ OS~~S )fl~~V

— -- -—~~ - 
— - - -—- --- - -- -- - - ‘ -  _______________________



SEC I ION \ II

‘\IA INT-\ IN -\ l i i i  i i i

I - MA 1~~T,-\ iNABIl ITY RE QU I RE M EN T

‘l’he \ lea n— ’I m w—To—Repa i r  \ l ’FTR I shall  h i - t ) ni m u t e s , as ing  the (~~( t i  I t f l i t , i t  I

and pe rsonnel ova ilab le at the radar  s i te . This il  u - u l a t  c i i  I - ‘~ -kud ~~ maintenanc e i- s f

th e  li - F , a i r  v m s n d u t  t u n i n g ,  and power generation m - - t t i u l i n u c i i t .

2. DESIGN Ph ILO SOPh Y

Performance monitor ing features are essential to as s i s t  the field operators in

fault  i so lat ion .  Foch nu :i~or subassembly and element of 7 er f t ir n  u n i  e is a n t o n i o  t v -a l -

and continuously , moni tored  during operation. Quan t i t a t ive  svs icn ~ performance dat a

t s ,i ’.aulahle via an u h l u l t - u n a u f l o r u e  C}(T tc ’rnunal . S~ . u i L i 5  on a go nu t  go basis is d ean

t n . l t c a t i - d  ‘ f l  :t l a - : - L m r n :Ince it on i tor  s ta t u s  (Iispl a\- ( l ~ \ i S D l .

t h e  i’ :u c i a r  u s- t i e  signed so that  t i u u t - m m : u t i c  fault l~ t~ nu to  toe i o \ \ e s t  echelon is

r e a l i i c m l  ‘~~ i th  :t pract ical  u ’ o t t t p u t e r — : t I ~l &-uI  a p p r m m u - : h .

— -~~ - it  II int ena n i - e  m av he accomplished u sun g  no more than a three—rn an

ma m t  enanet ’ i t - a m , eons 1st ing of tw o  personnel d t m  p a l - i t  of repa u s i n g  failures by remi t ~- —

i i i -  ~— r e p lai --e techn iques (equivalent to USA F Skill Level 3) and one technician i’ Oj ii l I t ,

of 1 m & r f i  m m - i n - ~ maintenance using an oscilloscope , 
~~~~~~~~~~~~ 

meters , ,lfl u l other sinl pl\ - -

op(-t ’Oted standard test equipment ~equivalent to a USA V Skill Level 5) . A S c n l t v  u — : i ~-

replace F m s . s m -t~ Iu r e  will  he sufficient in 95 of all required main tenance  actions.

,\de- 1 i i a t t ’  spares to serv ice the equipment will be provided m i n — s I t C .  The tech—

a ~c t t t n S  will  repair fai lures in the sy stem at the P\\’B ot- assembly level .

3. ~t-\ l ’NT ENAN CE DESIGN FEA ‘1’t 1~ES

/ i t - l e 7— 1 dep icts  several of the more important  main t enan ce  features ~n cc-u ’ --

porated in the design .

7 - 1  
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1. H ep lo  cement  of P\V1~ modules can 1 — ~ m O u s  v~ i t h  uw er—on w i t  - no
deb t i- -c ious effe c - - .

2 . Replaceable n i  -l ~t I m ’ s  are safely handled by one man .

3. Fault local i s a  is accomplished a u t u n ~a~ t ea l  v to t n — -  ~~t i t i  t i t i ~ tvp m d t t i

n umbe r of 1--e ast Hep laeeabie U ni t s  (L H C ’ s u .

Digi tal PWB 1 or 2
A i m in g  I~~~T3 1 or 2
A r r a y  LRV s 1

4 . }i : i  rdw ire ad jus tments  are held to an absolute m i n i m u m  du r ing
uorm al  t p t - r a t  i t o  or a fter a system fa i lure .

5 . N m  special  h a n d l i n g  equipment is nec ess a i - -; t perform repa i rs .

No n i t  b r  electronic parts , excepting di splay tubes , are l i fe  lirn utecu .

7. All m a j o r  repairs can be accomplished at the si t e  u s i n g  s i te
personnel.

8. Q u i c k  and easy access to all  equipment is pos s utah -  u s i n g  s tandard
tools.

9. The assemblies and subassemblu es of the equi p m en t  are i n e - h a u i i c a l l v
and electrically interchangeable ~v ith other identical  assen bi ies
and subassemblies.

4. MA~~~TA i1’~A I U l 1TY A LL U C  TONS

Table 7— 2 shu m w s the rn ui  i n t u u i n a b i l u t y  allocations to the m aj o r  r adar  s i t i - m sv s : en s .

T,-\BLE 7—: : . MT TR A l l O C A T I O N S

Suh’sv s t em  Lait  MTTR in Minutes

I . How Transceivers  35
I . A n c i l l a r y  50

3. I - iua I l~eceiv ’ ’r S l i

4. E i .c i t e r  41

5 . P ( ; m t t~m r i ’ . I ,  ‘:ic I~S
m m . l 1 ’ r m - c m - s s i r \\ e - e f - ’r u s

I 5-fl ~~r t i - I .

7. D i g i t a l  Su g m i l  L tm r u m c e s s o r  35

5 . i ) ~u t t a  oc ess i n g  I ,  ~— a~ ~
—

i-~ is

I - - - ‘ m i i ’t t ’I. —I (I

-‘
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5 . PERFO R , 1AN C E ~i (N 1TOR

a. FAULT D E T E C T I O N  P R O B A B I L I T Y

The au tomat i c  PM process shall detect at least 95~~ of all fa i lures  which result

in a. s ignif icant  performance degradation . General ly  speaking,  a significant p e r f u - r n  —

ance degradation involves a loss in either sens i t iv i t y  or accuracy  i f  at least 2 ciB , a
reduction in clutter suppression of at least (3 dB , some degree of reduced data t ransfer

capabiIi~~, or the loss of m a j o r  E C C M  function (if included ) .

b. TfltI E To 1-’A I LL R E  DETECTION

The mean and m a x i m u m  t ime intervals  between a hard failure and the ind i ca t i on

thereof on the CR T shall not exceed 30 seconds and 2 minutes , respectively .

c. DU TY FA CTO R 
-

The t ime taken by the PM procedure to run scheduled 1~ \ 1 tests or to 1)e rfOr s

any other oper at ion which reduces the available operational t ime shall be limited to
St in the normal mod e and It in the weather mod e.

d . R E D U N D A N C Y  IM P L E M E N T A T I O N

The au tom at i c  PM procedure shall have the capab i l i ty  to isolate a fault  to the

:, ~~Az , or ~~El channel in the final receiver , preprocessor and - or di g ital ; r oms e s s im r

input stages (throug h the M T I ) , and to activate the bu i l t—in  hardware capability t o

use the redundant 5kB channel . Data rerout ing shall continue so long as the f a i l — i t - c

persists .

7—3
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SECTION VIII

RADAR CHARACTERISTICS

1. RADIATED POWER

In the “full—up ” condition , the radar will operate with a radiated peak power

(averaged over frequency and temperature) of not less than 2~- . 7 kW . Under worst

case temperature and frequency conditions (i. e. , anywhere within  the iO9~ frequency

band and —62 to +38°C temperature range ) the radiated power will not decrease by
more than 0. 5 dB. This radiated power level is the result of the following harcI~v - u r e

characteristics:

Power delivered to circulators 3(3 . 5 k\V

Ohmic loss in circulators , HF filters , 0.40 dB
cables , and connectors

Row feed ohmic and mismatch losses 0. 65 dB

2 . TRANSMIT GAIN

The transm it  gain at band center (1308 MHz ~ will not be less than 39.59 dB.
This ga in is the result of the following hardware characteristics:

Transmit  area ga in 40 . 67 dB

Row feed ta per efficiency — 0 . 93 dB

Row to row ampli tude and phase mismatches —0 . 15 dB

3. BEAM l-’ORMING ~-\ND STEERING REQU LR E MEN T S

The radar  antenna subsystem will generate a t r a n sm i t  sum beam; a receive
monopulse set includ ing sum , azimuth difference , and elevat ion difference beams ,
and a receive low—angl e squinted sum beam pair. These beams wil l  be phase-
steered in elevation to provide the following beam repertoire:

1. Two complete sets of beam pattern s to service the normal  and we ather
modes. Each set can be incremented in elevat ion in 0. 25° step s to ±2°
by operator selection , and any beam within these sets can he generated
at any one of the 16 operating frequencies across the 10~ agi le  hand.

5—1
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2. Two ~-nnse—s p o i led beams for lower and upta ser  sect or  coverage  in th- ~-
\V eat  I s — - c  t o  ap tat  1011 procedure.

3. An a~ i p r o \ u I u l a t e  csc~ beam for use in t I ~ €- Em -  - rgencv 2—D Mu de .

4 . R E CE [\ ’E -\ I (E : \

The ef fec t i v e  rece iv & -  area , including taper efficiency a n s i  ro\\- — t o — r  me a n i p i  t a
and phase differences , will  not be less than 15 . 04 dBm for the monopulse sun- u h e:

and 15.62 dBm 2 for the low—angle sum beam .

5. SID ELOBE l E V E l S

The Y99 sidelohe levels th e  level which is e~ ce~- mi e d by i~ of the sidelobe~
through tmut  v is ibl e  space~ wi l l  not exceed the follow ing values r e l a t ive  to the peai -  ~~i t  ~~

-

bean ri- :- imon s e :

Pr incip al  Pr inc ipa l  Off
El  eva t a n  A z i m u t h  A x is

Beans Designation A x u s  dL  A \ - i s  d l i  ( d i l 1

r : u n s n : i t  —25 —25 — 30
Receive Monopulse Sum —2 5 — 2 5 — 50
.\ z in u uth  Difference —50 —20 —45
Elevation Difference -20 — 50 -45
Low—A ngle Lower Sum —13 -25 -35
Lcmw-Ang le U ppe r Sum -20 -25 -45

I ; . A N G U L A R  SENSITIVITY

l b s  angular  sen si t iv i ty , as measu~-ed by the slope of the d e l t a— t o — s n  it  hen

r at i m ~ i t  l o m c t ~sig hi w i l l  be 0. (143 volts  of c i e l t a / v o l t  if su i m/ m r a d  in e l eva t i u n

- - ~~~. ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ . - -- -~~ -- ____
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7 . BEA M POINTING ERRORS

Uncertainty in the beam pointing ang le t ransla tes  direct ly  to an error in the
estimation of target angular position . In the 3—D Radar , the b eam pointing uncer —
ta in ty  wi l l  not exceed an rms value of 0.19 msin in az imuth , 0.44 msin  in elevation
when the low—angl e beam pair  is used , and 0 .5 ( 3 msin in elevation when the monopuls~
set is used . These errors derive from a number of sources , as summarized belov~:

L o w — A n g l e  M ufl~~l u l se
Elevation Elevation Azin iu th

rm s Error rms Error rms Error
put (msin) tms But

Row Feed Amplitude and Phase Errors 0. 05 0. 15 0. 1’)

Row Receiver Ampl i tude  and Phase 0 . 30 0. 4 5
Error s

Colum n Feed Ampli tude and Phase 0 . 20 0. 15
Errors

Uncorrected Scanning w ith Frequency ti . i t S  1 . 05 0. 05

Uncorrected Scanning with Temperature 0. 20 0. 20

Array Orientation Uncertainty 0. 15 0. 15 ta . 15

8. ERROR IN LOCATING TARGET RE: BORESIGHT

The rms errors in the estimate of arrival  angle relative to the beam point ing
angle will not exceed 1. 19 msin in elevation when the low—angle beam pair  is used ,
0 . (34 msin in elevation when the monopulse set is used , and 0. 62 msin in a z i m u t h .
These errors derive from a number of sources , as summar ized  below:

Low—Angle Monopulse
Elevation Elevat ion A z i m u t h

rms Error  rms Error m i s  Error
Lmsin i (msin) j p i s s n s

Bean s Shape ~ n c e r t a i n ty  0. (IS 0. Oil 0 . ( I l l

Final Receiver Channel Mismatches (I . 50 t) . 25 0. 25
Slip R i n g  Channel  ~sl i sniat ches 0 • 10 0 . 10 0 . (15

Signal P r m u m - e s s o r  Channel Mismatches u~ So o . 23 0 . 25
5i 1 - n u s l  P r m m u -essor Q u i a n t i z a t  ion Noise 1)

• 30  ( I . 3 m )  ( ( . 50

M on oj u i l se  C a l c u l a t i o n  Error I ) . 10 0 . 1( 1 0 . 10

M t 1 l t i p a t h  sR ~ -t 1ecI  inn Coe f f i c i en t  = 0 . S i  I ) . H i  I i . 1( 1 ——

5- a



0 . F 1 E I G L T  c . \ i  - i LATION

tr g e t  he ighm is determined using radar  e s t in t ~m t1’~ of heigh t , ran~~- , a nd (ile\ -

Gun angle an d iS b t s sNl  on the Central k a d io  Propagati on Laboratory (CRPL ) R ef e r-
ero e Radio Refract ivi ty  Atmosphere Model and the radar site value of surface re-
t r . u c t u v i i v  N~~. Implementation of the he ight calculat ions (neglecting r adar  er i- - - - r ~ -

error s ~n N , and refractivity model errors) will be accurate  to m ess  than 100 ft
at 100 nr A .

10. SYSTEM NOiSE T E M P E R A T U R E

The system noise temperature , referenced to the u-ow feed oatpu t  arid in t i t e
o dB S s s ~s i t L v i t v  I i nue  Control (STC ) condition , will not exceed 53~~. U °K when the  im se .  -

an~~Ic bea m p ai t -  is ased and 516. 1°K when the elevation monopulse beam pai r  k
Included in thi s te m perature are the contributions of sky noise , array and receiver
ohmic losSes , and preamplif ier  noise temperatur e as fo l lo w s:

Unit Temp N ot se  G a in  C u m u l a t i v e
(° K )  di i  t e f l t ~u 1\ -

Sl-:v ann Ground N oise 120° 91
Radome and Row Feeds o2 . 3° —1 .2  161
Row Re ce iv er s  424 Is . 8 -155
Column l- ’eed 870* 435** _ 6* _4*~ 49(3~~34 490. 7~~
I -in n Us ceiver 7(36 41 545~ (~~ 4 5 1 ; . I

I. u w — A n i ~le column feed
* Elevat ion nl ’)nopu lse colunsn feed



ii. SIGNAL I’ROCESSING LOSSE S

The loss in s ens i t i v i t y  due to nonideal processing in the signal processor will
not exceed l . s5 dB in the short—range interval (i.  e . ,  from 5 to 100 nmi )  and 2 . 1 dB
in the long—range interval Jront 100 to 200 nmi ) .  This loss is made U~ of the follow-
ing factors:

Long-Range Short—Range
Interval Interval

A d d i t i v e  Preprocessor Noise o . ~4 0. 06
Quantization Noise  0 . (10 0. 35
Pulse Compression (P . - C Filter 0 . 16 t l . (I S
F’requenc\ ~l ismatch

Range Sampling 0 . 35 0. 35

Normalization 0. 1) 2 0 . 10
Sidelobe Blanking 0. 10 0. 10
Weighting to Achieve 28 dB Range Sidelobes 0 . 65 0. 65

Mismatch Filtering 0. 04 0 . 04

A pproximation to Magnitude 0 . 10 ( 1 . 10

12. CLUTTER CANCELLATION

The cl utter—to-signal ratio (C~~~) improvement will be at least 50 . 1 dB aga inst

ground clutter and 34. 2 dIl against heavy weather clutter . The improvement factor
is defined to be the signal—to-clutter ratio (SCR) after MTI and pulse compression ,
relative to the SCR which would result by simply pulse—compressing the 1. 25 M h z
bandwidth pulse. rl he improvem ent factor is limited by a number of fa ctors , as follo\\ 5:

Improvem ent Factor
Limit ing Item Lini itation (d Pm l

Waveform Generator Stability (1) ( 10

Local Oscillator (10) Stability (10* 4~j **

Row Transceiver Stability 55 55

Slip Ring Stabili ty (Round Tri p) ~9
.A n al o g—to — Digi ta l  (A/D Converter (9 B i ts )  53 34
MTI  Null Depth Si
Clut ter  Spread ( Inc lud ing  Antenna Mot ion (1Tm~

Totals 49. 3 34 . (1

Ground ( l a t t e r  at 2 1) am i
* ~ W~~~ the i- Clutter st 1 1 ( 11  mu i

8-3 S- l i  
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.\IE ’l’II ( ( I )  ( I  I- OPE RA I iN

1. TIME ‘liNE I iGY M A N A G E M E N T

The : ;— L ) R a d a r  o5 mera t es  n any one of the fol lowing t h i - ec  n in tk - s according to
opera t tan a l  requirements and threa t conditions:

1. N o r i t n i l  m ode
2 . Weather  mod e
3. U r n a r g en ey  2— I ) mocm

he se ;uence of operations and t imc /energ-
~

- managem ent doctr ine  ernp l w ecl in
e i c h  mod e are e~~ru aed below .

a. N ( u R S I A I .  M ODE 01- OPERATION

The 5— to 2 s m s — n n i i  range interval to be searched is divided into short and ion ~~—
range intervals , the former extending from S to l t i ( )  amn i t a i l  the  lat ter extend Afl~ t he—
yond the shor t—rang e  interval to the coverage en~ elo~o l imit .  The elevation scan
bean-i schedule is described in Figure 9— 1. Eighteen h e t u n 1~ m si tions , five in the l u s n r :—

range interval and thirteen in the short—range interval , are u t i l i ,v d . The h e a n t
boresight angles shown in Figure 9— 1 may be (electron s m f l l v )  elevated A r  depressed
in 0. 25° increments to l~2 °  as a function of a z i m u t h  in order to terra i i — f o l l o w .

i \ ~ 0 ba sic  .~ i v e t s sr o s s  are used , one in the short—r ange i n t e r v t s  1 , t h e  other a~
long range.~. -\ shown in Figure 1—2 , the sh o r t— s - :un g c  v - i s \ - e lo rn i  consis t s  of m\ \ I ,

three , or foar 2 1) ~s pulses with identical Linearly i- r e u e f l e V  Modulated 1 l -M
envelopes, conti guous in t ime but offset in earn s. r fr s  u

~ 
ney for d i v e r s i t y .  The udsi -

bandw idth is - Qj )  kHz , so that the I. i - ’U Bandw idth Time u LmT product  is to I .  The
long—range waveform cons is ts  of t w o , three , or four l o l l  as , 2 0 0 — h h l -z l F’M I m l s - s
(BT = 32 which diffe r only in carr ier  frequency . ihe~ are also conti guou s in t n t - m-

and offset in frequency for d i v e r s i t y  gain .  The number  s f  u ses t r a r i s ru - i t t e d  i~ t-

one mr two) ~- a r u e s  with beam position . A 5 shown ii T a b l s -  :1—1 , a s u m m a ry  f the
normal  ru l oit e t ime schedule , four ) m I S s . 5  arc’ used at I s s ~ er elevation s ~ di rt t h e  Ii

mum r arge  is long, and two are used i t upper eh~ t i l l  m i u .~ w ho 5 m  - the Cm m y i - r n  ge is I l i i i  i t  ‘I )

t n - the 1 o— ;~tt al l  t u n i c ’  contour .
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LI- ~o u lset- t

13 = - i a n  k I I z
P

T = 2o (IS

= sad

SR—3 = f 1, i~ , t~3

SR—4 ~~ 
~~~~

‘ ~~~

a. Short—Range (SR \‘ a v c f m u i m

A

LEM Pul ses

13 = 200 ~h i y
I )

T l O u  a u-i
is

1~U —
~~ ~— I

~ 
5fl

L R — 4  = l
1~ 

~2 ’  ~3

LR—4 ~
- 

~~~~~ 

~2 ’ ~~~~~‘

b. l ong—Range h R  W:i~- c t m rns

I i g ui rs ’  ¶ 1 —2.  l a s s i e  W : i v e t m r s n s  w Oh h i M  l ’u u l s o s
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TABLE ~i-l .  N O R M A L  MODE ELE\  A F 1 ( N SCAN TIM E F N F I U - Y  SCIIEDt LE

Beam
Range r i un i -u m i t  Dwell

Beam Coverage Waveform Un-Tim e Time
No. inn -i i) Ty pe u - i t s  u m s 1

1 100—2 00 LR—4 I i . ( 140 2 .

2— 100 MTI-4 o 24 0 4 . 052

3 2— 100 M T I—4 -~~. 240 -1 . i52

4 100—200 L R — 4  ( s . G--l i )

5 2—100 M T I — 4 0.24 0 4 . 052

I; 2—100 M T I— 4 0. 2 - n  4 . m32

7 100—200 LR—4 2 . 040 :~.2 ft

8 2—100 511—4 . OSU 1.424

9 100— 173 1 11—3 1 . 4~~ u m  2 . 750

10 2 — 1 0 0  511—4 - ‘ . ft~i~( 1. 424

11 100-135 LR-2 0 • 320 2 . 29(3

12 2—100 SR—4 0. (1~ a s  1. 424

13 2— 100 511—4 u m i ~ n 1. 42- 1

14 2 8 5  ( 1 . 1. 21 9

15 2—75 ~~ —2 -‘I . 0-1 0 1. ( 7 11

16 2— 6 7  511—2 0 . u - p u  (h  ¶ t S l u

17 2 — t ~ t 511—2 0. 0— l i t  I I .

18 2—53 SR—2 i i . 040 0. ~~u ( ( i

19 2—4 7 51~—2 I i . 
() 1(( ( I . 730

20 2—4 4 SR—2 ( I . 14( 1 ( 5 . t m S O

P erformance Monitoring (n - is )  — 2 . 3 w

1. 3 0)  -13 . 2 7 9

But \  Factor = 9. 5~

Includes per bea m pr et r ansmit  l is tening t i m e  s f  i i . 11 ms.

~-~~~~~~~~~~~~~~ —~~~ - -
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In each 1 the  ~v- - lowest l u s - : ( 1 i - S h i 5 .  mu - - ut he n~ rt  — r : u a - ~~ i t a  - - - d l~~ - . a
2 , 1~~ a ~I~~1 ~ iii l i 2  r s -  t I — 1 i , i t & -  i u s u c — j u L h i S ( -  s h o t t ~— r a t i gs. ‘- a v e f o r n ,  e— r epe :sts. -J s t r o m
t u n e s  f - m r  \ I T [  r cs- ~~~~i ’ ~ t , iS I i - u ; i i u d , t i u  ~~~~~~~~~~~ s - c h i c n r u u u n d  or sea — :l t i u  r .  1 -
l n t e r l m u i i a e  5 m m - t - i o d ~ a r c  ~- t : s 2 - ~ m r i d  I t -  s h i f l . t n ( I~s - d i t s ; 

~~~~~~~~ i t s i  2- 1 1 1 ( 1  l~n - t s s .  T\~u -  l i t —
feren t  co m b s are used i l l t 0 l t i t A ’ l \  . S t s ,~t e i -  ~~~~l m -  I is tu s m - tI  A f l  l i t - u r n s  and S a i d  s’~~g
gs. r - m S i o  2 is u s ed in ¶ e:i u~~ 3 and (1. tu e t w o  s a4c~- u - c m - k-S l t i \  0 

~
- - .- i n i s b e r - cnta -

~U 2I  pass ( and resposises . T b :it  i~~~ , at . a - - ea- -~~ \V(a  i ’c one t s - ~ ; n mns e i s - s ’ l a t : y - ! - ,

los’ , t hi - -~lier Pt ri Ls t i~’cl~ high. 5 his is u u ~d u e u : s u  fl I- ic t :  r i -s  s— tI n - f  ‘- 1 , mc d -  -a

p i t S  of the f r equ enc m .- i t 5 (  s s f l S m  - - ul the y s . m n ( ; u h c n c aj : I r \  h: i t ~ m A ~ Sm T \ ! J l  w a v c t s m r i ; , s

and tue cus i~~siS1t  e vs.- s~ ‘uri s-c g v i u t - r : l m l  liv t : i \ iu~ the ~rs a c-v L s f  th e - v - i  a t  each fre—

~l ~ flCV . i- ’ i u  - - o— ;~ m d ca fes  ( u s. - r e i - ipm )u .~s.- of the \ I ~ t i -  ‘.v m  - ‘coLt -  et to suppc - c
the  t~i o c n u I  ~- o i t t s .- i ~, and I - i g u r e  ¶ ) —-  u u l d u c n t s - s  the u~~~~ u u i l ~~& of the  M i l  v ith weighU- set
to S i ) s !  la ss sea -

~ ten . i n e sm .- r igt u r m - s  i~ i u ~ - u ’; i t~~ rh :5  1 1111 - ‘1 “ S i t s  re sponse is less
than - - dL i - c e ’ , ‘u h 4 sf 1dm. ’ f r s ’- - n ,  - i t t  n v - i l  t i - oct I~~ ; to  l l ~ 0 - h , :  l iz d l i  to  ‘3’id

Luots i , and the sn i n i n-s u r  j u a s s  saa b r ’ ~c u . s c  i i O U m .~~ - s l O  t h i s  a t t i - t a l  is — o dB .

b . ~ ~ ! IER M t ) D F

During as s i l t a l  operation , t i l e  crs v~~- - -n aA nt h S  ; u A ) L u itoreo ii a t , e : s i n — h v — ) - s -- ~u
l s i ~~~~ v ia  a h i c t ~ i-r - A n b  evel e s t i m a t i n g  c i r c u i t  w n h i u  he s t m a l  nroces~~ai- . A hig h
level sf i- u n ~~e — e ’t  oas i s - s I i n t e r t ~- t - s- r. - i in i f l V  h e a t i -  ~~OS i t  us  ‘0 in the s i t -  s i t  — canoe  i n t e r m  al
-~ il l  S i t  - 

.0  m r  i t !  
- in :t s ta ts  is - S - g l s t m. - r w ithin the 5 V U e S’ : l tm urpose (G I~~ s c - u-

:ass1 ,csa ~ed ‘-s i t l i  s h u t . bi :snt as s it i on . i f  c su n er  bi t s -  arc ’ set in a t  l ast  i v o  h o t i n t u -  \~ i t i L t

the ia me sr in a~I~a~-eni  a z i m u t h  cells , a ‘m. s u st h e r  condi t ion is dc i i  n y u  ar ,d t f , s  - - m c m u m ! -
0 ~~ ( m u s i i~ i t i t ,i U s - n a - c  is- alerted via  ~sn i l l u m inated i n d i c i t a u r  on the - - s s r t i- - - l - ~~~~ 4 - -

t h e  weather  j i s ml i ’  IS au to n ua t i c a ) l \  a c t i v a t e s  u f t e r  th~ v e a t h e r  ‘rn ~ei s -

— I st a t i o n  ( : i l t h e ; u t t h an - i m I ’ r i l i -  - : i u : u i m s : i 1 y  is ava i l t h 5 ’ it  t h u  - m p s - : a ti on~ cent e r .  I ( 1 ’-

n o r m a l  si tu - s -h ~s s f u - u s - ’  u s  f l t t ( - r r n i l s ( C s( u f l  a \t  s u t  as s- s u t l s t a t u e : . - r s - t h t : r c  S t t t ~~~~

in s - n  s - I . F; 0 h er  s r i m -  s ir  t w ,  s - t m  uuencos  ml ~ TI ~ a~ ef ~ u ‘ S i t s -  a i n -  t r . ia t - n i t t ed and pe - - -
~ ss - m -

in each as u m n i t h  s - e l i  c - s m n L u i n s n g  :ut  I m - : s s - t  m fl i ’ hoa n — \~~u u u  a s-e u - - i t u t e r  l i t . If an~- us
fou r l u m w m - ’ t  S h o r t — v - s a L ’ s -  h eat i s t i n  wh i c h  ~ i u i ~j iu b i i  S t - h i  C l i l t i m I -  O i l S  00 i X l s C c j ~~u t  c i i i

t O r t s -  ~~ l SO \ I I’ l w i s c e t s i r i u t s  are  n o r m a l l y  i r : i s u s u u  u t t o d  cs n t i s i n s -  .s set c l u t t e r  1 — u~
S e ( ( - u ence of b~~t ’ iuc ’n t i ca l  ‘ - — ; n s i s t -  M T I  o : s~~ f oun t s , t mI ~~ s u f l i  us - i - n i a l  4— - ’uds - e  ‘s i l l  v - -- --

form , ire u i ~. i u s a n u c : h m - ’ l t h rough a hcam l s r , m t i i i e n ~- :l  t i m  sf an lbs  ( 5  ( 4 ° • i e\ P i t ~ i S ( C I m ’ F .

If mit  of the i~~ht u s  u ‘or short — ra s u gs  - h s u u  in s  ( in mu hi A - I l  or - u Us I u S i (  A - t t t  i~ S I i f l t ’  i t  C

not p r e s en t s  O u s t i t h i  i f lS -.t c . ; I ( o r , a S 0 ( p i s f l s - s 5 ( 1  sde ’ :m i~ uul s -uit  i s t i l  4 — p u l s m ’ \l1~ W m\ n

plus  a s n O i m -  non — \ITI  -dt u r t — r a s u g - s ~ m o fu t - i t  a l - u- t r : s n s n it t e d  t h  ~h i ! u : t ! l t  b r s s n i u - t t o d

to ~~s :sn t h e  2 ° t m s  2 - ;  t i O C \  ~i h  -

¶ 1 — 5

- - - - - --  — - -  —--- - -— - -~~~~
-
~~~~

-- - - --—--- ----- -~~-‘
--—--- ~$~~~~~~~ 

--- --
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Each ‘sl ’Fl ‘
~~ am’efu,nsn t~ u thin ii suquen e s  is proces~ ed m~ ‘v i i  i t l i t  m : :  ~- t -  sit

M’I’ I weights , w i t h  each set generating an \ t T i  f requency re s-p m -n~ -‘ ith a t u ft  r - ~

clutter n u ’t eh  position . For example , the five 6— ç s .~i - s -  ‘s i b  o s - i ~~ ’ !  ~~m - - u- . r - u

weather suppression notches centere d at a , ±5a l i z , and ~ l00 lL~. The c -I .  ~a-r  ~-~‘s~ —

dues t r ou t each of the processed r e t -u r n s  mm. cUt sti a se 4 -aence :t in -  C U i u  - a s m - I  t ’  - c uc t er r . a

the 2~ 1~I weig ht set which min imizes  the clc~ttel -  - ‘t~c cs1 -, i v a l en t i ’ -- , ‘.‘- ii ci ~ t m  -
- a r c h

position is nest centered on the mean Doppler i f  the ~m . c r i t h c - r . ~i rim ‘s~TI ‘~~~ . i g h u  ~~s

tha t m i n i m i z e  U s -  clutter in the lower and O ( u ( ) t - L  e t e-  n t i s  -a s~ - c t i ’r s  s f C  st (  i t- i at tri m

computer  rind then used w ithin that az imuth cell on subses ues t ~cafl s. T h i s  i t t ; ’ t i m —

tion procedure , perform ed within  each az imuth  cell within the u l e s a t n r u t e d  c h u m - I

sector , is repeated periodically (at five min u te  intervals  or l~~S.-’ s S C a — I t u l t - - tes t I A ’s

oevbc - ir ’i  ent ry ) to track changing weather conditions.

After  one s can is taken to determine the ‘li es M TI v e i ~ ht ~ets dir  e - i O b

az imuth  cell , the weather mode search sequence follows. i-~ igure 9-3 indicates the

e l e v a t i o n  scan bea m schedule and coverage within an az iniuta cell c o n t ain i n g  weather .

In this situation , the range coverage is reduced to 150 nmi , and only the short-range

pulses , repeated tim generate MTI waveform s, are used.

There are four types u t  \ ITI waveform s used in the weather mode :

1. L-~~ WI : A 6—pulse ‘sI TI  waveform with  a m i n imu m  in t e r — ~’uise
ocr ed of 125 nmi  The basic  w r s v e f o n r i t consists of f o u r cors tu dus - sus
short—range pulses. The sixth pulse lone is procesFec hevo ut i
the weathe r to achieve detections out to 150 nm i . This w a v e f u u r n r
is used in beams 1 and 2 to suppress terra in or sea clutter and
weather  simultaneously . To meet t h i s  re quirement , it -generates
a compound notch with a deep narrow component at / C C u  Dop :der
to suppress surface clutter and a broad , relat ively—shallow
component to suppress weather.

2. Type \V2: A 4—pulse ~sI T I waveform with a m i n i t i t  urn  i n t e r — p u l s e
‘S I. (10 of l i s t  nrn I . The bas ic  w r u v e t s i r u t i  cu sns  i st s  s m f  ft  t s r  shor t  — u _ _ i i t

pulses. The fourth pulse alone is I>r s) ce sse sr  beyond the weather  to
achic \ - ’ detections out to l5 ( t  nmi .  Th i s  ~v r i v e f s u n u n  is u s - i d  in duc t
3 ant 1 4 ti m suppress the w e a t her  clutter.

3. Tvj~e \V ;du A :1—pulse ‘sIT! m~ r i v e f m s n u a  w i th  a m i n i n iu m  u r s t  m r — p u l s e
pc -c i s  u i  ; u f (10 nm i . The l u - I toe  W a v e f u u i ’ ir cul iSi st  s - - t  t h r e e  slu m ‘ci —

range pul ses . The four th  pulse n I  one u s  sr i  scessed I se v ifld t a m  -

weather  t m . - i chiev e detection s out Ii 15( 1 a n t i . This i~ave forns  us
used in }m c ; m S i s  5 , 6, and 7 to  s a pj s i -e s s-  t b -  ‘ s m & - i t h ; - r  ci I t s - c . 
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4. v s e V s - l : - 3— p ulse ‘ s l i t  m m n s \ c - i o r l u  m~ oh h : f l t i u n f l t t t f l i  n u t t e r — t - u ~ - i-

- 
- - c  n t - f 30 r imi . The asic \m. u -cofot r :  - c -Os i s t s  of tv u u s h t i ~t — r ~~ri~~s

s~~Cses- . The t h i r i  pu i~ e alone is-  i r s u - c s : - -~-d n e v u n c i  the mm.cn . ither t m

ne iu c-vc detections ‘su ~ 1 i €  c ’ s  s - - rage  l O i s ’s .  ~l h s  wn v c - d u , r u u  i s u~~-- i

in b eams  ~ thr oug h 12 to s-~~~ i 2 m S -  the - ‘~ a t h m - i -  a b u t t e r .

E t c h  \i UI w n i v e t c r n  type ic~ t r n i n - a ~~t tn-d on either of t ’sm. o u u i f t c - r e n t  st ag ~~-r

-oPts , wh .-h provitus:- auernpient efltarV pass ~ n uOU V~ - s p O u t S L- s- s, : ts suo5al eU wi th  - r s c t t  -

w i t - . c f -_ n - . ‘ -:pc i iud  stut :er code us a scr i~ ~f ‘siTi weight  sets. ~~ im C~ i ‘-S e i g i ’s  s-c . sr —

a ci t c t e r  cotch centered at a d i f ferent  o cup ;s l e r  fre~ rus - - nc’s-. Fir e cu r t i c u l a r  - -

set s to be nscct w i t h i n  any one az imuth  cell n r c  s - t e r n  - -ed in the  adaptation l i r u sc eu lu  ii -

nis  described nih e.

The - - - t  r~uos- it e frequency r espon sc-  ~i . e . , the g r e n u t e c  of the ~C1 and ~-C2 
—

responses u in - Wi MTI w a v e f s s r u - t r  ‘-m. ith MT ! w e b  c Ots  set to ~~u i ) p r L - s s  ground and 

h r  clutter is - i sOW fl  in Figure 9— b . T ess  c u r v e  Slum A s the composite n e s - i u uts - (

‘ m i t l u  MTI w c i - -; bu m - - cO sen to pro m -ide a weather e t c h  ceviere d  at — i n n  I - I z . The d~~e~ ’

narrow cu i n l s - s n t -n t  th- - notch at zero I) o , - - P u - v  s - ru n~r e sses-  t hu u~round clutter .

The weather  mod e elevation scan ener~~ s c m - b - li is s u m m a r i z e u i  in Table
t—2 . t h e  t i m e  a - j r z i r e d  to complete an c - I c v a t i a n  scan , inc - i  nO ag 2 . 5 ms for per-

formance monitor ing,  is 59 . 0 ms . The associated r o - urr i — t r i l u  u - _ s i n  l u i S s -  a t  ~he ar -u s s -

i ; s r point r-tw t ii b e a n i r s adjacent u rn a z t n t u t h  us  3. 5 O u l . The weather  ;t m Cc is- C O, s t (P

i ’ f l i ’ s  i t  those an-’imuth  ce t l s  con ta in ing  weather . The no rma l  search t - u r t ’ l n i t  u -  n t n u t  2 t t ,—

s i s ’ i  rcu r tgm erage are maintained tut  other azimuths .

c. ~~‘mi F H(d-~NC Y 2 — D  MODE

The operational modes described nla r,ve cannot be i i i  i s - ; r l t - r : t c u l  w i t r i s r i u t  t h e

U P computer. ~i uv -ver , in the event  of a Cs m l  puter f n t  i i i  i rn , sr rvsc il l anc -e ca a s i b  i he-

m au n c am e d  liv . a it i a t i n g  an emergency 2 — D  mod e via a e ns -oh  -u n tro l . in th i s  s - t s f l i - --

5 , 0 , th e  instruct ions for radar operation ‘~‘ ill  conic from r en t — -nul ~ m e n- c r i e s  l o c i i i - °

w i t h i n  the t~a 1- s 1 - -  a cs controllers which interface the r ada r  wi th  the a ,  u u r n s u u t - i - . The

cm n i b  a d r a n t ag a  of this mod e is that  it permits the m a i n t e n a n c e  of air  ~r i r \  c i b i a n e c

while i t i a gn (us t i c n  ar ’- being i) ( u ’ t V t ’ i i -s I  on the computer .

i l _ _ i (I
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T.- BLE 9— : \VEA ’I ’HER ‘sIODl- E l E V A T I ON  SP A N  TL’\ iE  - E N E R G Y  S( i i  P:)~ TE

Ma — n Beani~
Range Clutter Trarn srnct Dwell

Beam Coverage Range Waveform On- ’ l i u u u e  T in e
~s-o .  (nmi )  (nmi) 

______________ 
(f l u s 5 

_______

1 2 — 1 5 0  125 WI — SC 1 a . 4-~0 10 . 77~
2 2 — 1 5 ( 1  125 \ \ i —S C 2  0 48 1) Ia . 991

3 2— 150 110 ~t ’2— SC 1 0. 120 G . s u - i : u

4 2— 150 80 W2— SC2 u . 32( 1 (; . ~~~~

5 2—150 60 W3—SC 1 )
~. 18O 3 .~~12

I; 2 - 1 3 m m  45 \V3-SC: )~ ~8Q 3. 79a
7 2-108 35 \Vd - SCI  ‘ - . 1~~0 3 . 2 9 - i

5 2-90 27 \\ -1—SC I 0 . 12 ( 1 2 .2 7 1
9 2—75 23 \ \4 —SC2 ( 1 .120  2 . 311

10 2— 6 5 20 \\ ----8C 1 m l . 120 1 . 9( 15

11 2—55 18 t V 4— S i’2 u . 12 0  2 . nb- I

12 2—45 16 Vs 4—SC I 0. 12 0 1. 716

Performance Monitoring (m s)  — 2 .5

2. 74 59 . m u l l

Duty Factor  = 5

Includes per beam pretransmit listening t ime  of 0 . 1 ms .

A fixed , approximate l y  csc2 beam is formed to provide Ci ~~ a t i s m n  C s ’ s  e rage t r o r r

0 t o 20° . The normal mod e three—pulse M TI ~m.av eform is cu r t unuo- i sl~ Irnun si - P t s ’ u I

at a fixed carrier frequency. The resulting range eo v er ag - I s  t o  1( 1 ( 5  nrn i . The O i l

wavefo rm is iuru ces-sed  as in the normal mode , e - e i - p t  that  a u t o m a t i c  - Ic - o tt ion

pr (mc eSBing and position estimation are deleted . The outputs  a the emergency 2— I )

mode are radar “ideo and 1FF video presente d on the PPI.

9—12 



2 . l>U i~m b I &c 5N s~~- f  ImtA1 ’ iO~ P i h  ( r b . — S f i’-_ s 5

n s .  l IE  V : l i i .-Vb ii A Z I ’s b  Tb Esi - 
- ~

ci n d i s t i l  I s - i s  of the az imuth  and mcle- ;auouu 0f UcSC -a tcO n i cgc-ts ii, n ude in t lrs -

1-’ co ns - puter. b i te azimuth es tunte  Ic us ou~a .~~~ - ny adO - i ,. Pi t -  n u a r n s v  a z i sn u th  as

- b e t e r s u t~ u se d  fr - n - n  - m e  -‘s z i in u t h  ( P a u i ~~~e P u n s - ) - A C P )  mcn _ nt L u -  the  _ - s t h i u nj i e  of ar r i ’m a l

ang t t -  r e lat~m - e to ar ~- n s v - m , r n s n u u t l r  ~~~S -c - O- r u t i n m u t’-y r n - - n - m O ss - c - n - s - a g .  The c-I c- - a —

t O  - e s -P i r a t e  is -nhta i ~i m - r u  l iv  t s d u l i r l g  t h i  m mst - , u i s - c  de r u ve a  a r ign i  to -h e  i n n s ;  U csig 1u ~

5 u f l u  Sc - .

The tni~ L-- f~’ne -’--l t ( _-S SUIt . (~~ li i z i i t i u i h  — ; i u l l e i ’ s--a r - _n . - m t m , n t f l d  e l em r i t t o l  —

t u u u e u - _ d ’  Ps 5- 1 .1 beams . ~-~t the s igna l  arocess a 11915 t , thes -  t m  - f l ’ s i  u’ , 1 t o

~~ \ z , - i n s -  -m- i~~ El signals. S i n c e t e t r : u ’ s ~~n - _ - u t \ -  a ’ s n f r u : u  ~ - - t t s s ts - f two t u b ’

cu l i ;u  s- , c- l iSet in frequency . two to f - _ u s - P u v e r - ~ t v  c hn n n e n s  t u r e  - r u ~- - p - us - e d  for each of

t n r s - - c -  n ;e a n -~~.

‘sV h mn a t n5rg . - - detection occurs , Pin ii  -- I t n i  ~c n . e - I  - 1 an u ~ n u t  c- - : -  - ciu a t  i s  -U S  of

hi ’ ~~ - 5 c1 n 11 s r i b  f m e u u u s e c u  i-s s u ~ each m i f  t 5 n c e  h e a r - s t  - s e n  se- i t o t e s  -~~~v u ) r u t ’ S r .

The l e l t a— i s-- su r i r  ratios , ~Az/� and Ps El ~ , are thee  calculated at en ch t r - u : n u e n  - .

~n r ~: cc is a W i h i j U C  relat ionship between u i c l t . -— W-- SUfl i  t’uI i --  ann na i-get a r r iva l  n i t l iP s .

Flu is trans i m u t t  u rsa  is e ras - Ic  vca Is -_ - -ua - s able s . Fi re t- -~,uL - - s i t -  r- .-a  esti mates  of

t i n  ( n i n th and elevation , one at each frequency . SIn gle ( - S t  i c r a t e s  are t m - r u t  -d by t a no

a it eu~~ht i : - c  I - s : r a g e  of t i n -  i n i i e i d - c n i l  fr e a u e r e v -: s t i m n i t e s -  l ’s \ e ib h t e d  a - c ; o r d u n u  to t h e

st - cc- s - b  ~— nel m a b’ n i t i ulc  ~ . Target height is then n - om l - u P - l  fra u a the e h - v n n t  sits and m a c n ,

51 s i n S  - r s- , :i fter corres - t ing  the d cvii .  on angle i u r  } - e - n s f l - - bendin g ,  ac . - c r -t i d y aceu - - .t -

fag for re ’s c s i r v n u t nc r c - , - sau d add ing mri c5 u hei ght to the re l a t u ’s  r lm c - igh t  e s t m n u a t s -  -

is . LO\t -ANGLE h E I G h T 1- IN D IN G

-\ t - i-  c - h - va t  Sin tingles , ‘si h i-n t h -  a n t e n n a  u u l n m  i f l I  m m )  u s  - is -  on the  g rou s n i , conv e n—

l i o n - n b  e r e h u u u , 1 ucs , u r u c l u d i s t , n m m n o p ~u 1 s - -  sr occ - sn ~n n g ,  - c - u s  i i - -  \ e r v  u na - - - t i r t s l c -  i r m - n .~~m t

r s-~ j rn j t~-s- l u n u~~n u s - c -  cf the t i r s sn ’nc -~ of niu lt ipath . In the s- . m u i n s r  ms-hen j O e  beam e lm - c; -

iaon is below 2 0 , s i n -  conve ntion al  n u s - ni opul se t e s - h w u  s is n i - n I aced  by a s-p e dal 1mw —

s u c h - si m - - u~~h t — f i r n t c n mt t n - c h n i~~u u e . it , t i u s i . s- a uii onopu lssa ‘ c h ’u t ~~ue , h m n i  in place ~m 1 t i n

L 

sum , m - t e v n i t i o n — d s n a - r m -n c’_ - beam p a i r , it uses n _ i p u t ’  of s 4 u i n o - u  ~ - i uiu beams . The

lower su m 0 s - t i i u  - .
~~ 

, sn ’t rs -’ s 1tou5d s -  k s - u  l i i i c onv en t  u u S s : i L  s - m i n i  u s c  u n - t n - i - s W - s t u s ’ n m n r  . TI t c

b —  3 
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i b O c i  b m n u i ) i , E
1 

, ( S m j c s i ) t s ’ii up by I°~ rep laces  In c  difference 0 - t i l l . _A s ill u s t m n m r s - - u it

n- ng ure 9—7 , the ratio ~f the bea m outputs u s -  a m - n  t - i \  L e i n i l e u l  t o  a r r i v a l  a n o b e . i n s

~ uu ~, u r i -  also ind icn stes that iv nec the  low—angle beam ~~ n t - , in c u n t r t i s t  to convent ional

ms tm n opulse , mult ipath is restricted to the siclelohc reg ion at t a u - : m ’ t  elevat n uns t u u \ - .fl to
S i  5° above the radar horizon . As such , the adverse effect of c u n m u l t u p n t h  on the 1t- -u ~~~i

esti ’ - n i l e  accuracy is minimized .

At b c  e l e v at i o n , the array outputs processed irm -  t ee  i - h o - c  and b s  ~ii r s - n u n

uc- n u m r n ~ and ~bs-’ az imuth—dif ference  b c - a i i m . Obey a b e  -r~)u(- c-se u n I t - s m  S C S I I I \  to  t b .  -

‘ s e n t  Lb - - - m i  bea m set , except that  the look—up table in the  e m  m i S t ;  t i l  m - r  ii n uc h relates thu

bean’ r:i t in s s to arrival angle is different .

e . 5~~~t E  Et-~ PsIATION

I a r g s - -t  range us determined directly from SO c i- -sante t i n s -  n u t  w h i ch  th u  u i i t u ~ 1 i i t 1 -  I s

cut r I se pr - n-used -u gen ii , exceeding the dc- t ect ii - t t  hr r e s -ho iu l , u n - n i - . i r s - s  its m m -  i i- a l  t i m  -

In faun , L I l t  si gnal s n a u l n u t  un its components sent  to the cm m u t t  , - r - b - r  i s  r the 5r r  u -u

determinat ion arc -  the ‘ s t u d ies samp led at the i n s t a n t  the s u g u l n ; i  a g r t u ’ u u k -  u m e u ~- _ s .

3. PERFORMANCE MON ITORII ’G AND F A L L F  LO~PAi1u~e

During normal operation , the radar  wil l au tomui t i ca l lv  ansi  ( u u n t  n - i m s m u s ! v  t e s t  t b

aspects of its own er~n r n i a n c e .  It will take an a v e r n n g s -  of 2 . 5 nr s u u u t  s f  & - n s c h  45 . 3

e levat ion sense in 6fl duty factor)  to execute performance nm o n i t s r i n ~m t est5 .

i W s - s  types - i f  perfo rmance data ni ce used for th i s  a

I .  S ta tu s  messages transmitted to the computer in the event - f a pov~er s u j q m i ’
fri n i ~ re , f a i lu re  of continuously moni tor s-  functions ‘s~ i th in  the data
- m ci-s- h r  in terface hardware , or absence i i  signal or os-c ill n u t s - I -  s u t  - - t S
f rom the rf exc iter.

0 . Perform ance moni tor ing  t e s t s-  s - e h u u l u u h - u t u \  h i m  c i s i i u 1 u t n t - r  U s - l i t  n-e n - 5 n - r n —
tional pulse repet i t ion periods.

ftc tOR I t m - c s u i n a l  provides u i u ~~n - u n - u  indicat ion lo t h m  i i i . i  uu m n n s i u s - m  ni t i s - f  s s- s - i s -

I n s  ilure. A l so , upon request , it w u l  I d i  sj ) l iv the m e i~io r m  n i c e - c of the  s~ss t t t  1 ,  i l l s 1  ni :i  I s

s -t i h s -vs t i - i i ts in m j u u n m s u t n t n m t u v s -  ‘ m - i . s i m s .

- _ _ _ _  ~~-__ -
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Uhe perform ance st a t ( -  of the s V n t m a I u  .is ( 1 m - t ( - r n u ; u s e d  is ’ . c h s -  i ’ e r t u r n u n s i ; -i

~ i u s t 1 i c m r i n g  (PM ru utine is d i s i i l ;mve d  at the 5 u n ’- I i  i u s f l s -  ( ‘ s r . t . c  tuy  t h -  e c t i -n - - - r n n -

Mo n itoring St a ts - i s -  Disp lay ( V t I S D S .  h i- P~ I Sl )~ s b - i s a u s u  I so - r n  - — ? ~~~ c s ) t u S n s u r c ~~ n i-ms

l ights , f ive hax - it war e—or i en ted  naP 1 m u ~ i c s - i n s t  ( d  t m - s  - 
u t - c f .  -~ a - - u  S i m S .  In the ru } , setm m - m -  01

a t a . l u r c , all lu g h - wil l  be green . In the ci i-: : -I fa i l n i  s u - , su f f ~~- sen t  p r  R ~n u 1 g  5

p e r r s - cm e d  ¶ n PM tin c in n u n g e the appropriate Lo t :  , ,r ~ i g b ~ 5 to t r t i - r  v e n n m u v s  1~ i c  n ;

vello ’st if the system is in a partially degraded c nrn t i t i on , red u t  s- ser i m n i s i v  ui - —

graded or di sab li ’- l .

a. PER 1-3 ;lb\t-\ NCE MONITOR Pfl( )( F 55 1 1 . ( - mV

The PM i r -ucess  b cng u i i s  with the execution of a full c t - Ic  st ~ahe du 1c-ul  P \ b  t m - - s t  n — .

These t en~ts u t i l i ze  a number of commands w h i c h  e au ’s t ro l  the g - r u c - r u u t i m m n  and r m s u t  no u - t

s u g r m n u l s  through se lec ted  elements of the sy s t s - u n  - t im r i t a - i s -  m -an c n g f s u u  har dwa r - c-

res 5 suunse (et a . 3 O n  x - aw data n s c c u m a l n i t c - d  in (b e s t -  t e st s , t on t e t i s e i  ~‘s i t h  st .s t n u s -  mes-

sage d n s t ; ,  , is imia sces sed  to generate a large number of irs e a s e l s ’s- of e r f , , r : u n n s r i c e  -

These performance measures are compared to perfor c n i n u : s -  s - t m u n j n u  rds.  When any

such comparison indicates degraded performan ce , nt f au l t  f lag is set. The :ln ig p a t t i - r im

is then analyzed to determine the source of the fai lure  in su f f ic ien t  detail to p r m u l  u s - - I - V

activate the CRT terminal and PMSD , and to reconfigure the svs te n m so as to  min imize

the impact of the fault.

The I ’Nl process flow is descr ibed in some detai l  in 1- igure 9—9. I i n m v i u m g  prcspe r l t

ini t ia l ized the PM process and cancelled m v  old fault  f lag s , nu fu l l  PM cy c l e  is t u n a

executed . A PM cycle consists of seven major test sets , each related to a dj f f ~ i c - ~ t

uni t  i f  hardware . Each major test set is made up of a number  of tests dcs ig u nes - i  t m

monitor a di f ferent  aspect of performance. These tes ts  are i - n - n u m e r a t e d  bel s~ .

1. ~~rnchr onizer ,/Signal Processor Data Con n m p ~~~ SPDs - u _ A - ~ray ( ‘on t  r a t  - n u t

(AC U ) PM Tests (fl4 l’ests)

1. 1 Synchronizer  Test

I .  1. 1 Synchron iz er  Output Si g n t u l  Ss sh tes t

1. 1. 2 S SPI ) (  Reply,  Range and . \ z i c u i t u l .h S t i h t e s t

1.1 . 3 5 SPJ )( ’ -\uto S t t i t ; s  . n n m l  ( S u I t - n ’ ( ‘u . ( - - S e  ~ c u h u ( e s - I

I . 2 \ c u. s ’ Data Subtest

1 . 2 . 1 -\ r r av  Data S u i l s t e - ; i

1.2 . 1 lr r ; sv  l i l t  k - s u m  j u i - r n n k u s r e  S s u u s e - s - u

1 . 2 . :t \ (  1’ .- \ t i t u m  S ta t u s  S u s } s t e n t

‘ S — I l ;
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Figure 9-9. Performanc e Monitoring Proces s Flow
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... S i g m u b ’s - n - - e~ --M r ” s t  ~37 . -st s- m

2 . 1 L s s n o  i lnu i ge  P r n r : e s - s in g  l est

2 .  2 S~hc ’~ ~ n n n s t e  \ I TI  ~~~~~~~ m s surs g ‘Jes t

-~~. l- inal _ Rece ss  i - i  i i  Tests 5 1 2 9  Tests~

3. 1 M a i n  t O b n m n n e l  t tnd  s’rc Et ’ t . j U t m t  i~ fl

3. 2 FCCM Evaluat ion

4 . t r 1 s u n - t r u i t t t - r  PM 1ests j a um f e s t n , ’

4 . 1 ‘Fr~ n smit  Power ME - - u s - n u r e m e u t

1. 2 ‘r e n n u sm i t  C a i n  F~~ n n l n s t n t  u nru

- i . A n r n s v  I b c - c € ’ u : e  PM Tests ( u 2  F e s - t s - i

5. 1 r~s t -I’ t 5 V  i i- :  esve Sigisni l  T - - cI M r t m  — u r i -na -u ’

5. 2 A S i n s ’, Re ce ive  N c ’ise  l et-e l  3i~~ n~ sal- c n n  -nt

(3 . ( i v e v - n H 5vst -n ~ tOM Tests (7 J e s t s )

(b~~ I ( I m t t t - t  r Suppression Test

tn . I Sc et u -’m Sens- itivi l’v ~ic-c u :-mur er neat

i . 3 (‘ o: u p u n i - c  Sets—Test

7. Data L ink— D ispla ~ — I F F  Controller T i-st  n- - Sm u t  us ~m R - s s n I g s - s  On l y )

7 . 1 i ) a t : s  L i n t  Controller Test

2 Di s un l an  ( m  as-ole 1)-a tmi  C ori tr u m l Ic r l est

7~ 3 l i i  Data Controller T e l

! iav : n~ run all 4 n 9  PM t est s  and n u c n ’ u i i i u i 3 s t e d  the u n w  In s-i dat - a ‘ his ~t n n t  -

S.1 t3( i n s t  the l a t e  associated iv i th the S St I l’n n —  -\ CU Conic - 1 m ’ ”  t es t  is p r m ’ u .-es --n- si to

- - t ier a te  ~~ -u~ \ C t~ Cm ntrolier  faul t  (1 r i g s .  If i t t  - s -n i  c~ - i n a g s  3av c- ‘ s - - en s-es , ~n it

1~ - u m lu -  ~. 
- - in - ic ’ n— t set , the S m g n u m i l  Processor set is pr u cen -n -- e ’I . 11 O n -  f lags  are se- I ,

the n u - t t major  te~ ~~. - t i s  b egun. In th is manner , all ma jo r  Ic - -i n — cts ti re ana lv n ro i i  I - l

f au l t  f lags in l u ’ - n~ 5 n s -nce indicated by Figure 9—9 .
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.1 f i t -  -
- d i  sc-i -p  - - - i ’  a t - S L S  he t -C lm € -,t com pleted .iO n no faul t  1] t u g s  s-t i , t Si  I

exciter  fr em~n a-n . -~~- s n it  which PM tes t s  ar s-  Tn -in :tre s . n d m i m ~~s-e t 
~~~ .- i i  n i l l u -  i t t

f r - i - n t  among the set of 2 i i s - Sm - used in Pi\ i . i n c r e - s l u s  -~~L L t s g  5 ( 0  tL -~~5 I c e s - p us  f l U i € - s -  Cm o n i p i t :  n - -s

a I’M - -t - Ic. A s sail ict d  s- ni by Figure 9—9 , it us h i m - - i  h5 ’pnn sig ns in.

C i - ’: a l - i - ’  f l n i~ is found in the da ta  n u s i a l t  s - is  of a us t u t u - c  l u S t s m - : , ftc i r s - C c  1e-

c’h a u mn - t s s ecu cs-c . A fault  s1t i~ indicates a I u C m s S I m ) i a - i n u i l t  . To ~r c -v er t  - s 15  a r m m c e s s

fi’ i - u - es - i - s  1 - -e I i l u m e  ala car s , a faul t  flag l u t ist be set in th e s - ni  is -ne  us:  t i n e  r test s i -n  n u t

u - i  ~—.l hit s iv thin N success ivm -~ ( ‘ mm C V c t l m - S i t i n s - - snur n e I i ’  I t  i t t i  u n i t s  1- r n -  i s not re~ ~ l’~ t -

s- - v - ~~ I . The in : r t smete r  N determ ines the i n t e r m i t  itent i a n i~ f r e in e n c - v  which w i l l  t - c

i d s - : ’ - m i cd u S 5 f t ’ t l l _ Its value sin - n ih  he c o n i r u ; l l t n h i e  t h r s -u ; m g i u  CR’I’ n ’i 1 u n i - ’ d  e a t m i  .

\ k L ~ n i , w i t h i n  a m a j o r  test se t , a fault flnu ~ is si-i fm ~ r at  l i -n i s t  i l t . ’ s e c m s n u l  t o n i

wi t h in N s - u -  -cessive c\-cleS , a confirmed I n s - P t  c n c m n d i t i -  n i s - u s - S  - i . Then , a fn i ~ 1

f l t in t  .cr dv s i s  n i s s n - - c :u t e u t  wi th  tha t m a j m s r  te - Si  set is n - e c f o r i s n c l . l i s t s  , u u n m s v s , i S  us ,

- ssc nt~n l i l ’ :  a : u i t t m - n - a  recognition procedure w t n - m u ~o in  pa r t - - n u l u r  sets s - f  f m - n i t  flags are

interpret ecu as sp e c i f i c  performance and/or  tu a r n - i \ t  au - u - 1 , s u l t S

In p s r  I m u r s u  ing the faul t  flag m i n n u l v s i s  , s- n s - - i’ta  in fa ta l  non l m t  u s  as r - s u u l t  in mm

c i t - c  is ion e P i t  In - u rd a-u - test n in -t lvsis .  Others perm it continued t e s t i n g .

s - i - s - s - Ni u p n m n  r e - su i t s  n t  the l a s u l t  I nag  a u m a l v s s s . th c ’ (‘fiT sm u t  ! t .)  u r e  . n c t i v t m t c - t

an sI , if  required . n h - n  svst eru u is reconfigured . In the cm -n i. s it  a confirms-s-s - t i u l t  ts - a -

n - n  n - i n r s w s - - g u t i z ; d  -
~ e t n u - u  It pattern , a s t a t e me n t  to that effect , t i m g c - t h er  it uth tin i u i s u s t  i i  u s - vu —

5 mr s i f  the  ~n- -t f a u l t  flnu ~~s , shall be displayed on th e CRT .

t i . ~~F -\ N ITAT~VE PE R I - O I I M . - \NC E DATA

s-~ u i n u i 1 t  u t s u t  cc - performance s - t a m mv i i i  be output on the CRT upon r - - q u u a s t  v i a  t n t ’  -

a~~sec ia ted  -,cv ioa r - n .

‘rhe qu i n t  u t a t ive  data relates either to computer i r o g r n u n t  i u r f s r n n - t m n t - m- - er j u t s

m - n n re ‘ , e - r t s -  -a - uTm ’ - e  - - l i s t  of the data availah le is given t i m - s l ow .

t i  (‘ s s I u t 3 m m u t c i - I~ . -u - f o r n m a n L -e l ) n s t m

1. ~. n s , s f 5 - u r n : s - 5 .n- re u si’ts n l v n u u l u t u l u -  t o  Op cu - tu m ion s C en lm - - r  ‘s i n i f t
2 . No . m s f  - - - rge t s in radar s t o rag e  up d a t e  m a c u s e ,  sc:ln
3. No. u t  I I - !- ’ t a r g e t s  process-c l S- ; u u u
4 . No . at r n n d a r  t ar g et s i n p u t  s c - s r i
5 . ‘. m i . sf m n l m t s in s - i u t g l n sca n S t s m i ’ m- re leas-n -ui s - n - t i l t
Sd  ~s s m . if n n z i n u u i t h  c e l l s  n i s l t u p t e d  t i m  - h u i t t e r

~~~~~~ - i t  t ; r4et i—m not r ( ’ m i m n r t e u i  I i  I ~i m - O ; H ss f l 5 ( m - r ; t C r  St ’t l l ’

9 — 2 1 5
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m Uar dware Pet- formance Data

1. SIgnal Processor gain in long—range

2 . Signal Processor gain in short—range non-\l’l~~) with simple pulse

3. Si 1.n- rasi  Processor ga in in short—range (non— MTI )  mm ith LF~\ 1 pulse

4 . Signal Processor gain in short—range ~m l T I s  w ith simpl e pulse

5. Signal Processor ga in in short—range P11 Thi with Ll - M pulse

(3. Az imuth  estimate bias error with full STC

7. Azimuth estimate bias error without STC

~~. Elevation estimate bias error with full STC

9. Elevation estimate bias error w ithout S~l’C

10. Sum , elevation—difference , az imuth—dif fe rence , and SI.B cancellat ion
ratios achieved with ECC M processing

i i .  Transmitter output power at 4 t est  t r e u ; - i e n - ’ic s OC u u u t i l l y  spaced across
the 185 M H z  operating band , and the test f ren -1 - s v values

12 . Individual ro im transmitter outputs sit each of the four test f r e q u r e n n - u  s

13. Estimates of the t ransmit  gain loss at each of the four test frequ en cis - -~

14 . Estimates of the receive sum and az imuth—differe t ’ - - -h u r u n e l  SNH ga i t s
at each of the four test frequencies

15. Overall sum and azimuth—difference channel s e t u s i t - - i u - ~ at each s i t
the four test  frequencies

16. Array til t  and temperature

The data output on the CRT shall be in th e fo rn ’a t  show n in l - i gu re 9—l i It
i n - ’ udes -  measured radar data and associated perforn u a n ce l i m i t s .  An y data ex-

ceeding the indicated l imi t  implies performance degradation . Request of t h i n - .  m f l l t~~~- n

shall he through the teletype CR1 keyboard , using u s imp le command sequence.
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c. FA u LT LOCATI ON

h a t ing determined , w ith the assistance u t  the i s e r l m u u - s u u n i n c e  monitoring pr oce—

~1mi re , that the sm- s ic -n :  ha s  fa i led , the nsa int ensince man will  cause the fault location
program to i~u e r i - m i m i  in t o  t s e  computer from m . s g : u m - - l i - .: i n m , u s - . The faul t  location proce—
J a r m - - is t erm s imilar  to P er toru  :SncO \ i o f l i o s r l r u g .  The COfl1~~n i t  m r  cornnt an ds a series

sf t es t s , f i r s t  of the interface ha rdware , then s f  the slg: -iri ~ processor , and so on in

b oos of increasin-~ size. These tests d i f fe r  front urn s-c rtu n in Performance Moni-
toring in th i -t  s l s m u ia l  fa u l t  location -I - tn -i m- - - ims  a re , p r im ar i l~- is: t he  form of Cu i i : :  ma r n m t m , s  —

sr  uscsi i n - ’  ass i s t  the u I y u c e s -i .

(‘he r e - s - o t t  of the a - u t m u m n u i c  Fault  1. ~i u 2 t , t 1 O f l  cuict ess is the determination u u f  the
u n - n i  a rea  in which one fault l ies .  This ‘‘ i n s u l t  a rem : is an average of two a n n m i e ~

boa r-k , or 5 d i g u t t u t  1 s o t t r s - I s  , or n u p a r t i c u l a r  i S  ~t t r n sru s r n - u t tel , re c -eim -ei - or power
supply .  Th is m a f o r n u m i t  1u s D , in the to rn  - of m m n u n - u l m  area nun -he r , is output m u f l  the CRT .
A maintenance nianual is then used to im - -h u tc-  fault  area number to a particular hoard
or row in Inn - -  a r ray .

The I W a l  phase of t h e  fa ult r ep a i r  process is s e m i — au t o m a t I c .  In the case of

mu board mnu ilure , it in i- m d - m- -es re -n oving the board or b u n m r u i s -  from wi th in  the fault  area ,
rep lacing then: with good boards , a nd re—running  the (- ‘n i h  Location program to v e r i fy

tha t the f a s u l t  ha s i 1 i s t u i u l i e n u r e s l . -rho removed boards a rc  then checke d in a program-
mable board t e s~t - r  which is supplied as part of the system . This  tester st ill generally
nml icate not only t h u  pa rt icular  board which has faulted , but also the bad integra t ed

circui t .

t i — b  
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SEC ’I is- s~ ’ ~

150 N~m I I  R A N G E  C. ~N FIlt i I-~-\T I ( iN

The reduction in range from 200 nmi to iSo nn m i results in reduced au u w er  aper-
ture req s-u i rements  of about 5 dB to (Ietect t n m r g t - t s  w i t h  a l u )  p ro h ah i l i t m -  of cu e ;ec t io n ,
a 1 O 6 pr u s l m u m l m m  ( s t y  of false alarm , n i t  the i-educed range . Redac t  i - s r .  of the o t t  e - r—

aperture product is implenuented by u ’ e d n c i n g  power , is h u le  le i in g  ti me r t s m  m e  the
S tuImw for bot h cases. .-\s the horizontai dimension ut the t m rr t m ’ , - is r e i n m t e u i  to az imuth
p a t t i - rn loss , r . -- - -olut ~i n , Sa d scan rates it us  essentially u ixc u t . The v e r t n - n m l  dimen-
sion in l ike fashion is related t n - s the eIc- -. -a t io n pattern loss , and the elevation I u e n m f l n - —
width r eq:mi: - ed for accurate he ight n :ea s : u rm . ae u n - t , au :d is 31s -n -s n- -~~sen1u a l l y  a c m m f l s i n i n t

Therefore , t~am n u j e r t ur e  size may be treated as a constant , l e a v i n g  mu ni ~ ’ power as

a variable.

The i-educed psiwer requirement may best be obtained by reducing Pulse length ,
leaving pc-ni . 5 u i u w  s r  the sa u t e .  This will  be accomplished by r e d u c i ng  the  n a  N i n t u m

number of f requen cy  di m ’ e r s i ty  pulses in t i ny  t r a n s o m - I s - s - i o n  from f u u s u r  to ~~-o. The ioss

to the system , -mvi i i  be a reduction of 4 . 3t~ dB m u u e  to diversity ga in , as the s igna l - to—

nOI Se r e su u i r e -d  for a 9u - with a = ~~ u sing  2 d i v e r s i t y  channels is i-I . ~ 4 dB ,
while for four channels it is only 10. 51 n - i 1 .

Reducing di ’;t -rs itv channels st ill reduce the as. t u b e r  of receivers and su gm -m l

processing channels  by two . This will reduce the cost of n - u produ ction S\ ’ s t e in  b y  l s

to 2~) ,  . As the basic system desi gn wi l l  not be chnu geu sign i f i c a n t h v , t he n m - u n i’e—

curring costs wi l l  not he greatly effected .

I sing the short range waveform with only two dt v e r s i t v  rha uu n eis  pre sents a
problem in obt aining the s ign a l—to—noise  ratio required for n m m - - e m - u r . g  the height m u c m - s i r n u u -\
re ~ rem ent s . This o m i t -  be overcome by doublin g t i u m -  pu l se  length to 4 0  ps . sn-s 1 s t

the 150 nmi  short range pulse mm ith two d ive r s i ty  channels W i i (  he e q s m n u m -  in t im e  t - -  t h e

200 nmi short r mnge pulse w i t h  4 d i v e r s - t m - channels . \ l thou gh th i s  w s l l  1 c - ave  s-i
a net loss s i  about I dP , there w i i I  be s s u f f R - i u - n t  ~ n g i:nil  li mi t u V t i n l m l i e  to u i u e t - m t u e

accuracy requirement.  Doubling the short \\ n u v m - - f m u r l :  - pul se lengt h is i l l  i u i c r e n m s e  t i le

mm in: urn range of the rad ar  irs  - u s 2 t o  4 nn: i .

The opt_-ra t  o u n t u l  ; m m i r n u i - u i e t e - u ’ s , r a d a r  c h a r a c t e r i s t i c s - , ha s  si I u -t n s i d  s - f  o l i o r a t i u s n ,

and i s t s  s u n - - equipment b-sign a l l  r c u u  a in  t - sam s - for I ) s u t h  t : u s - - s . ( due -  only m u m  ‘i’

change in the s-~ -~t e -u n is in the - s t u n t - n t  r e- n- I ( ‘ m u  L 5 m  l i i i - I a - i a - m m - er  t o u t s i g n u l
I t ’s )  ( - S t 55 1’
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The 23 . 2 it it ide i u v  24 . 2 ft high u n t ~ -u n a  with  iFF  t r s u - ,J m asinna ct : t: m e  hous~- n

in a s t t i n d n m r d  S n — I t  - m e u u u eter , 39 f t  h i g m m  r u g u u i  sr a m r — s n j s ~u i m r L c- - ~ ra don e. i f  . u f l C s t

radonie s c~u 5 u m r : ’ci , the improved CW-— s- I i i )  m e t a l  sp n ic - — - fu - i me r t i dcu u-  e is i t i  v s m r s :

bect sn -m : - of its prm ~vers ni f l  —a r e u u u m - i  p c r f oru - n , s~- Re! i t t h  e u ~p e r - - t  non in h i gh wind l i ut u sb:
an-m -  iC.:~~~~ I s v  u l u n m u n e n t s  anti long, ma mis - a u s t uc e—fr e e  l ife m m c -  - c f~s: - a t~r n I , s u t e s  t i e

r e n u u  Pc - ‘ im ’ .1 or u n a r t  endc-d c p u - r a t  ion . The r n s n d a m  - t a - s m - m t  - u t  ~
‘- m- of ‘ h s -  ( ‘\ \ —~~ i 0  and the

thin alum inum e tm uis e  members m u i m - r n n m n :  - sidelobe d i t - - : - m ’t - -n mis we l l  as overal l  t u o r i  -

s suth u t - u i ~ t t  of the tu t u in b eam . Signal :51 u e lm u :  n o n  nit  ru - mgi:  t h ~ c\ V—~ ~;o X~u i i !  u n - u s e for the
L — H m m n d  a t - L e n r L u  si n - t e I m  is mippro xim t it e iv 0. 5 n - SI t  it t t i i  mu us i~~if l t  sag i s t - a r i t t ince  iess

tha n - - I rum - ran - i.

The s u gis al  and data processing equipm ent can he P s~~~i ’ i l in e x i s t h m g  itt - . .i t ic- u- - or

in mu modular b u i m : t m - n -g positioned under t i m - c  n u n u e n n a  tower , as shown ( em - Figure 1 1- 1 .

The h u i I d ng l a y o u t  s-h swn in F’igure 11—2 pros- sies a funct ional  e q u i p m e n t  u l r r t m n s n - - u ‘ t t  -
:15 w u - l i  as s i o t m i j ment f ll5~ int c-nnnce and per son a . n s mp o r t  facil  u t ice . .  I: i mportant
featur e  of the  design is the I~el n - u t !  vel\ m u odess. i a c s l  i t t  requ ir - m i to hou su the  n o n r a d o u s . ,  -

equi 5 - m t m u s - t t .  Th is is , of Co-a i-se , the result of the mi i s t r ih i t t ed , so l id—st a t e -  a n n - i

e l e c : t r u n i c - -~.

2. ANTENNA :Ro ; I P

Fig ure  1 1—3 is a block d i n i g r n m m  describing the mu ru ’ u m m - i t  sn , ‘ l ’hm - a r r ay  -~~

aper ture  is formed by 1-I f l o i u i ’  n i t s m l  l i near  tu r rm \ -s , or row feed ne -lw ‘r i— s , s t a c~~e-1

vet - I u u : - 1 j m -  . These row u u u - t i s - ’ s ’ I  s are s t u -up u l ine  c o r p m r m t c  m O O d S  \ t u m t ’ i t  - ( 1 1 s - - i ’ t t t C  S t i l t -

s tu d mu ’ n i m u t l i — d u l i s - u ’ m - -nu - - i -  l ea r n s . 1’hey al so  conta in n . u r u m - t - ’ l ’ u n~ C s s i m u i c r s -  m u - c d  e u t l m -u t m -

sample the t e n i ru s ru l it -goa l  or to in jec t  su g u t i l s m t  i the rece im -e smith s in o n u i m  i in - s - 

r n - u t  ica lly m d  i’euimo t  e-~v in u M l i t u r  performance , l u u c n m  t e  f i  u m -  I s , a nd a l ign  the  a r r a \ -  -
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Figure 11—3 . Array Block D t s g r m m

Row—to—row distribution is provided by four column feeds. une feed lun c-  pro-

vides low level RF dr ive  for the row- t ransmit ters  and , on rece im - e , g e ’u i eu  mi t e ’ s -  the
p a i r  - f squinted sum beams required by the loin- -umn g l e height f inding techniq u e.  .1

run- -c on i l  feedline collimates the receive sun: and elevat io n—diffe rence beanus.  The t h i n  I

u n - -u- d U ne fi r m s  the receive az imuth—dif fe rence  si guna ~ , and th in -  fourth feedline d i s t r u l - - .l - - -

and collects monitoring signals used in automatic performance n u o r i t s u r i n g ,  f u u i ( t  l i s t - n m - -

turn , and array al ignment procedures .

The row transceivers , between th~ rn-sw and column feeds , p erform the funct i m us u-

of RF po~~er generation , phase shifting, du~) 1ex ing, f i l ter ing,  and receiver

pr oni r. u l i f i ca t ion .

1 1 — 4
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Sins -: the aj u - - s i t u re mm m : i p l i t n m-_ ie t n u n m - ’  u’ m~ t he pi v us ud u c t  cu -f t h e  r i mv and c~ u i n- :mn t i

taper , inc f n - i r — f s~ l ul  r a s m t n m t u n - sn p a t t e r n s -  v u s l m , t~~t mm si r 2 e s~ m u s f l n - I i n g  m - r m s l t u c t  cha u’ m m u - t - - r - ~~t m  -
-

Thus , ,~~l siu ielohes off the a z u u s s s u t i i  n-ad cC - n i t i o ~t : r u s n n - ’ ; u n n i l  planes re s u u ( s l s r e s s c - i : h t c

— 5 5 )  dB . Low s u m - --lobe~ Us t f e  c - l € ’ v u s t , n -  ;ir~n c u t n - , l l — ; i u m - s m - i -  ar e  ach eved through a self—

calibrat ion i i u - c c s - m u n r e  that e-, - s u 1nc n s : n t - - 5 uSs r coun s m - r n - -~s t ‘ - h ’ m n - n - c  c i t - i t s. i b s :  i t ~. ! tb

p n i f l c u~ u : i i — ( u i  au -  t m - - n t ~m -r n  , u ch i emt - s  i sw  st - !c- i j m u ) O t -  n-v~ m t i n - i l  ~m- mn st o r i n g ,  s insie the Pea u s —

for m ing tie ’ iv m r s  c O l i tt l ~ u s  u s n l y  pa ssive c o m m s n - u m m - e - n ’ ,  5 ,

Ta r e - - - m u u x i l m ’ u r ’  st barravs ir e  mount ed around ‘he- n - -  l’ t i n - s i n - V  of l i e  m ai n  a n —

t e n n n u  - (‘h e-m- p r i s m  id e  S n - g n l m s i s  t o e  sudeloh e bi t ms t l5m n ,  5t :nd a t C C u ’ -Cc  uroc-u’Ssirmtn-

n (s-5 i :  i ii, ).

The RI - S e \ c m - t u - r , t n - m o u n t e d  on the e m u n n u t i r u g  p i . u t n n - r u n - —  , convc -m:~, the  T 5— ~d}1z ti’mnl t- r - ml

S u n -p i t u  t- u , , n s l t u l m n t ;  nun , r e ceived from the w - m v -cuSo r i un - g~-n - r u n i  -r thi n- ugh n r c -  s l ip  r u n g  assem—

bly , to a 1.  - n - v — le v e~ :m-rr : i 5 -,- d r i v e  s m - n -t~~n-~1 n i t  the n s l iprsu  r l a t e  ag i l e  — inn - u i r e q—ie n cv .

1 lie f inal  r ’ -s i e mv~m-r , also m u c , n - . f l t e s u  0Th t 5t - t’ : u i u u n t -  j s l m i t 5 s r s . , -~1- Ak i s — n - u - n - f l  , e rt s  the

column feed and s idelob c- b i an i m- - - r sm ub a r r mr- , - enu tp u i s  t i n  75 ~m T H z  fs -n - t r u u  usa i ss ion , t u t u

the s u p  ring muse-e m f i , to the she- i  t € - r  el m etro:: m e - - . ~-\ C-cocci ing tu t i n e  51 m u t e  sf n i pu t

sw t n - u s c_ -s (set u a p et i su—! - —u - l i i  s-C bu st s  hi the c s s l :  cus t e r , the f u n a  l r e c o i n -  s - u  it l1 u s ’ —

eept front the column feeds either t im - e  p m i u s -  m ,i s q - m u u n t m .-s sun:  P r am  m m - m t s l S - r  I i t s -  S t i l t  -

and e - l e m - t i t i u m n — d ie r e - rm ~ -e he 0 si gnals. The m z u u : i t u i ! v — d i f f e r e n c e  S u g T u n i i  T n - u I  s - i u ~ - l t - 5 u. -

I m m - e r  signals tm - i  a l i t  m i s  taken . The cinaI  res ’ - -  i V c O  ai - - - - C~~ll t t u  ifls u1t ~s n - u u  s- m v i t t -h m m -

which p e r -  iL in n - -  one of t ire three p r i m u u t m r y  s i ga t u l s  u . e. , n i z un u C u — i ff  os -rn - -u - m u I

sum i t e m  n ot i — - ifference or s q u i n t — - i sum beam la i r )  I - )  be r - - m : c - m .1 n b . i ’ ou~t h  u h e  s - i m P  I i , :

b lani~~- r chann e l  in t h e  e m s - u u t  of n-i hmmrd w ar e  f a u l t .

The 44 u n t e n - s n i  r u -iv feeds ant s  t rauss ce u- ;s i r s , u t5 , ln -stter . n C h a g N i  m - t t  m -t t’  ‘su p - s

I n n - s i r , m e t -  housed in t i n  a luminum I ) t t Cku t S  s t ra it  U r n , s- sf100 1 i t i  - -  n- n u n  l i _ _ i  
- l b s .-

cente- r sc-ct ion of the -i r u - tm i s r ese t mi  a solid sur  face ut  elec t i- -a: n- u - n - I -  -~-~u u - i -  - d i

on - i t e ’  or w ing sections of the u u r r u t \  p r o i ’uc t e  n h i n i i u n - s i n i  n - m i s ’  flow Ils e k uun - u -  n i n e  In  t h e

u - p c  t s ~~:~m -5 ‘f t i m , ’ m u  u -eu!  in t l  - -  ~ - m - S~ n t u ~S e f l u } s 1 u t - s .  Si n- it s l u t - nues s  , - t ~ i t o -  : I m r : i v

t P i 7( ~ S - t m r l i - u n -  5 i m \t (’5 mu ’ i - - u u r e m e ; m t s  is i ’-eU i ts -  m - u ’ u r u l l s s s d t u i n- cuts t in  exp u-s ’P c-u ’ u n , i n r a s i m s n - - n - .

h oust-d 5 V S t ( ’ f l m .
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3. PROCESSIN G CENTE I ~

The Processing Center consists of the signal processor , data processing sub-
system, and maintenance console.

a. SIGNA L PROCE SSIN G SI ’BSYSTE M

The s ignal proces sing subsystem is comprised of n-i preprocessor , mu waveform
generator , and a digital signal processor . The first two , primari ly analog equipmen t ,
are housed together in one cabinet , and the di gita l signal processor is in a second
two—bay cabinet . -A fir st level block diagram of this equipment is shown in Fi gure  I i
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The Wt t \ - e t -i ’nm gi n s - n  a tc i  ~~c’ m ui mu on- .i~~u L1-’\ t  SV u i  veto -u n- u’ c - s p n i r e u i  for t i ’ m t n  - - : 1

and ‘ i t t - r n - u - H  test ing . s h e  pr c ;ui ’ s mc c- :n - sor  a c-c t eptu-  s unu , t i z  - - t h — d i t i e r e n c e , Ol € -Vt u  t I Ofl—

dif ference , and n -n un - c l t j l m -c -  b lanking signals at a 75-- u un - u H- f ront  t im e antenna -pci . - It

operates on thes - sigh ts 1~ to t r a n s -~f . u n u . : m-~ iO i t i  into n-i i g n - t a .  tot’n n - a t . Cic fu ri c t 15)05 ii

p ex - fu x’i i-s in the process i umc’ I n - sdn - - m

1. .-\ n - it om n u ! ‘C ga in c- sjflti ’ , ~ i~A n-Pt I

2 . ‘n - ’c ? u . s m m- tog the ~m u l l n u 0 t - i  a t  th e  1I’Nt ni c ’r ic \  - m o - u - n -’ s s tm mvm i n- e toi ’m

3. A n u n - n - m l m t t i d c ’ mm n- - u g h t m n - i g  t~ u a c t m m - e v  e — n - n o  dB lnuiitn - n- n - u u e s m - - - - m  s- t n - c-u’ pulse
. ‘ omj;  se s - s in - am -

4. n-~vt -m-ch i’ u :-r , ot ms detection to g e n e r a t e -  in—phase ( I I  n -u o - n - u a d r n i t n - u r e  Q I video
i:i~ dj i t~n -j on .~ C:i.s ls for C - an - tm -  C--i I C C  t’mt in - su uu — - ;- ai.— n -  on each of the f mn - i i’ D e n -u rn s

5, A 1) - - n - - n ve r n -n - io r  of the i- in - u n - -u mnd:P- n - - ~u i f l , - .

[ he ( i t g i t n - m L  s i m - : ’ n - t u I  p i n - i n - e m - n - s o n  :-n - - r u u , r  s- n - m I O  u m n - s i ~ of n-Pc ’ u ’C S51ui 5,. fur  thn - n -  r n . u i t m

The b Iu s diag-i- u u n , i’igu re 1 — 7 . indicates th-~ sc -ms- n  u t m n - m  in t m r i c t ; - sm . Lu — t u n t n t . u I

\ i ’I ’ I’ s ctsnn-- -l ‘ , - u ’ I ’ u m n m  and w c -nmu lu -r clutter isO s’ ,C- ,n - i i i  ,he 11-; m -u ut eu -u - a m n o ~ s 4 sr, n - n - - sun - u
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range ok-i pot . Thn -u h e nu i - t  of c u l t -  o n - m i s - n -  compress-i - n - n - s t he  P [H i s s . i - n - p i t - .  w it h tin

t ; m p r ;p r m .,te - m t p u t  n - u u s - c  ~ - m I ~~ 1055 UC’tWOi’u - . n - t i id  s~~ c u ut~) t i t  s n - u n  - in -  - n - ng  n etwi  n-r ,-n , n -I -.t n - . m t u u n -  a t - n - --
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- - —
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-311 dB .
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F m d s i -  Al  i rm R a r e  (C I - ’AR )  te ch uu i q c u m -  which it -  u n s 5 s l n - - u n - - u - m u m e d  s t-c u - m - r t  of t h e  t n i r n - ( - n  m i s  —
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The video b u i t ~ i’s i~~rforrn the dual func t ion - i -  ( if  al iguing the t ss~~n c h r - m u -  n - n --  r n - i c i m i r

data with the periodic disp lay sweeps and recirculating the video - i n u t mi  for several

cycles , depend ing on signal amplitude in order to produce an azimuth stretch to th e-

single hit data derived by the 3—D radar. The resn -ul t ai it o u s p l a y  video is a blip char —

acteristic of 2—D sy stems with m i conventi s srm - il  hugh  h i t — p e n - — s n - n u n  rate.

b . DA TA PROCESS IN G SUBSY STE?m- 1

( 1) Summary Description

The data processing subsystem of tn t  radar is ret ; n - s nn - c i UIe  for all sy s tem con-

trol , function scheduling, postdetection processing, t u r n -n t  t r n - m c k i n g  n - u t n - u l  m n - s n - g e t  in-

formati on reporting. Figure 11—8 identifies the n n - u j - u t ’  data proces s-un -up s u h s v sr e u n -n -

components , and shows their relationship to the radar s-vs -n -em. Primary c s i n t r u - l  m u o n - i

data fl ow paths are also indicated . The radar wil l ne controlled by a m in i compu te r .

i A t - ’u n -  n - u - n-a
— - - t m  ‘o u i ’  -~~ t-

- n u l l  I T l m n  i i i ,  _ _ _ _ _ _

IFF /SIF A RRA Y ARRA Y E n - u . n  i H - tn-a i- n - - m n - ,  - n - u -  c~ -t ~,~n-~t’ -I

- 1m- 
¶ L__ _____

1 _ _ _  _ _

An-RA m I [ R F  Fi-Ct T ~~ t i t t -n-AL.
Cu it - Tin --  i t SL~ SY STEms REC I V EI n -  

-

u NI T 
J 

S1.’BSYSTE tm-I J-, I
i -— I _ _ _ _

i t - m n - n - i c  s .m u - - u 
Em

h tR0N1
~~~

t R L ~~~~~~~~ u t n-
_______ _______ _____________ J ~~~ I( s)LT

~~~~~~~~~~ Tl(iH I

COi-ITROLLFR 
1

\ r i l ~~ \n
- t~ n- - iT IN - M i !  \ 5 5 -  \ -m t - s i I

- --.su ‘u i-n - 4——-— -- — - -- -

N T t u - u  n - - m n- .
1FF DISPLA Y I A 1’ OP S

• VI~ E:i i t - i t ,

D I G I TAL.  *I)ATA

VI15 ~ I -

Figure I l  ~~ - .s-m s- l e i u  (‘ s s t t l r ’s l  s u n - s i  D a t m u  1- 1 - s m c

1 1 — 1 2

-- -- --- - *- ~~
-
~~~~~~~~

—
~~~~~~

-- 
_ _ __ _ _



_ _ _  
- - - — — - -- : ~~~~~~~~~~~~~~~~~~

En - in - tn - u  j n- -n - -n - - ml at u-n-, —~t n - ’ un sup  - n - n - -  [n - ar _ i  S On - n - i n- i s~
- - ‘ n - m i t - : n - u I I l  p .  ru-u Lv the control

u _ t n - l u  o t t -mr . 1’ s_i n- - - an - t in - m -  ~- m - f t u s m 1 1 uç) Cl ’ mu n -  u n - s o  n-he C m - - .n ~ - c m  ~ s u C i L u s ’s- - n - i n - - I n m i l , n - - a  n-n - u n - S I n - s i t

u m - - r ’ n - n - t n - s i f l , u i - -i n - tn - p C W i ,  n - L u u  , n — n -H _ in - l i  n- ruse Sn -~ m - j .  m o n - a l :  - i n - i n - -- , i u ’u~~ Ci, ~- [n - un _ ifle .

( n -t i - - Ufl t l , r e u — i n - -  bPs , - I \m n- - i n- - , n o u n  c t e C  t~ S - . - - C n - u t n - n - i s m n  it -  ~ n _ s s n --d to

the s v r u e h r m m n c L n - L’ u -n t h e  ion - n - ( ‘I ‘nxien - :  In st  mu - on s  vs f l t c in -  - - i n - u _ i  c t -n -een - t~ d , ‘ I t e _i S u -  1t n-~’

rn-m 1 - n-red tm ’—n- us m __ s-i n-fu Rls in n -i - - n -  ‘‘m u s t  n ‘ -as - iu - u_ un - 1 -n -s -n -~ut e  t -  -~~ - m-— 1 - stn- - .s m -cc -x’ . [3€-am-—

n - t n - -u r t u n -_ [mini m - n -eS n - O c t  i n d i ’ ’ i - ~! t u n - i i  rn-sit u -_ irs~ r m. m - u n - n s  . rc -  t i n - - H  n - u n - c . i  :,i t ine- u s ; n - p n -uiPi’ n - _ On - i l

n-- n -nt  di  mcd lv t n - s  t I n - n- an -run -v ‘.‘ia th e- a_ ia n-tv a n-i ’ - - t in - p  C__ n - n - n - tn - n t O n - n - n -  0 tri g n -u ! ~
- .

-n - j n - s n - r t m s  f l u n g  un- m - n - u_-P r iot is h - i - n - n rc- p~~.tc rn - w u t h  in - .cn- rc m -vm - electron ic’s

‘~\n - ien the isp -n -i t p e m ’ i m ~~: 5) 1 Opeini t~ un t u n - u _ p m - n -  - , a sm vnin -n - ,m -iun.n - s- n-oLin-, _ n- m - n - n -  eaten - i  by the  s- n- u —

Hu’ni uzer , fa ust - -s this m O m  u _ i  t m - s  - n - &  n - s e n - a -  n - n - u n -  i n - ,  1nt lmn - Sc -  t - n - i n - tm -f n-, n - in - mci m_ n - Oii tI’u n - m i sn - l e n - i f  un -in -CS

wi th in  n-h -t n - l a W s.
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Requests for system tor mance status and fault location data are r eceived
from the CRT terminal at the maint enance console . The requested data is then
properly form atted and presented on the CRT display .

All of the data processor subsystem components monitor their own performance ,
as well as the performance of the radar system are as with which they interface. In
this way , status of the entire radar systenu is made continuously ava ilable to the com-

puter to be used for reporting and fa uit location .

(2) Computer Program Functional Description

System operation and postdetect ion processing functions are performed hr a
computer progran- ‘somposed of 15 In -major functional modules. These modules are k
data driven; they are scheduled by a supervisor program for execution when data is
present at their inputs . Input data are presented to the modules in Firs t —I n— Firs t— ~~it
(FII - u) queues and the module- outputs are placed in queues. Schedul ing of computer
resources thus takes place through a procedure of monitoring both these queues and 

—

the various Input/Output Controller (IOC ) interrupts resulting from Input /Output ( I / O )  
—

activity. Figure 11-9 is a diag r am of the functional modules and the in formation
fl ow among them .

Sy stem activit ies are scheduled by the radar function scheduler based on a
prioritization of requests presented by three external request queues and a self—
conta ined search queue. The schedule , consisting of a sequential set of items in a
schedule queue , is serviced by the radar control program , which computes array
phases and selects the required control instruction s to presen t to the synchronizer .
These instructions and control data are output to the synchr onizer and ar ray  control -~~~

unit , where they n-ire held in memory until the moment of execution.

Detection s or data generated by the radar system are presented by the signal
processor u l m u t a  controller to the radar data input processor . This in forn n -a tion is
preced ed , n i t  the s tar t  of each period of system act ivi ty , by a header record which
identifies the a c t i v i t y  which  produced the data which follows. In this way ,  the
scheduling sad execution of radar functions are decoupled in t ime  from the processing
of the resul t ing da ta .  The radar data input urocessor tus - es  the ident i f ica t ion fields of
the header record to sort the data into queues which drii-c ’ the nuodul es desi gn ed to —

process it.

I

11-H
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Th e t n - u s - i -  if ri t es -n -- run-cc ’ s- n-- n-ag i i s u i - n-n-m- t es is t n - m n - -  rui t n u r t n u r g n - - t  proc-es-s-or which per—

forms a r n - s m s t r t n - t m - -m- - s  sum pr ocessing function . Con-rec ted n - n -  n , i e s  of azimuth and elevation

mir e computed , h~ - u g i u m  is ca l cu l m tm c n - i , and m n - n - m i m n i n u j , nt dc ’t eCtsOfl S  in two dimensions  are

eliminated throug h an a ~ s o n - t i m l t  i s - n - n -  iron - n- s-s with s i n g le scan store. In add i t ion , special

I rocess hug functions are prov ided for Im n o c e s s  in - i n-n- E CC i1 s l , t cct  i i m n S .

Sonic of the radar time and m a n - -n -sty is used to adapt the s - \ - s t e s n - n -  to a changing

clutter and interference envi ronment . The associated data is steered to the environ-
ment information m u n - - ocessor module which ctn - on i tm s r s  the e l m - _ i n - - t i t u s -, and t iz imuth of
clutte r . Optimum ~u 1T I mn - c -  hcs are selected for en n -h u i In -u th  s n - - c n - s s r  and for t w n - u  s o e ts ur s

in elevation to cmun cel  n - In - n - t im -  r’ return s w ith variable D5 - ‘ ~ I n - -i•  mean mi nd n - n -i ‘rn - n -mud . Wave—

for-v u-n- m i m - u .i ~ I n - I  ,i ei gh t s  are staggered on alternate scans to n-i m u m i na te  bl ind speeds .
Tables of n - tn - e tc un -u u t~ n - 1n - u n we ig h t s  are updated periodically and automatical ly  Fu v pre-
senting i - c - n- nests to the radar function schedular for t u ~m m n s l i , i s s m u m n n -  designed to u n - : e m m s —

ure clutter u n - u r n - s n -. n - t a r s . These t ab l e s  are used by n -ne schedular lor control of short—

range search processing by s h n - -  signal processor. I u p e r m i t o r  s u v e - r r i d e  control n - s n - cr this
process is ex n - -c - n - ted f r m ’ i n - _ i  the control panel at the Operation s- Center  via the disp l ay

function request processor.

Other ty pe-  of information obtained via the radar n - i ata input processor consist
of stan-us messages and data resulting from schedule j sn - rf o r nn -ance in -monitoring t es t s .

Status rnes-sn - i g e -  mire  1 uu ’ uxl ico- t my h ardware—detected f n - uu l t s -  or specialized t ime—

dependent inforni atior u which must he input under interrupt  control for exampl e , t i n - s

array north reference m a r k m .  A certa in portion of each n - l n - - e n u t  i - n - n scan , ni i u l u i- \inn-atel y

(u ’n- under norn-m a l  c s r n c t n - t n - r ns , is allocated by the schedular to servicing ca l ibra t ion  :inct
performanc e tests requested by the performance monitor .

Radar and 1FF operation s are not synchronized in this sy s t em , and n - u s s o c m u m t u o n

must  take  u l t i ck - th roug h n - i pr ocedure of os- t n - i s  un m m  n a -I mm ion on ea ch scan. i’h is fa in-ct ion

is- provid e- hm - the s l u -i g l u - s n - n u n  store mn - n - f l ag on, w h i u b receives its O m i ts  from sn- 1 ‘n m r a t e

queues of n - - t s - i - u r  and 1FF’ reports. The u r n -  u ’ s - s  ‘v il l w - r - . u s i ng  & - i i h e r  remote  ~ur n -n - d o --

cated IF F’ e s u m s  pment , although the addi t ion  - -t n - n - n - u s -  r n - i  u n - n - u  te t r an s  for m — ni t  ~s s i i  i i i  t i n - c  11-’F

data I r s u c - e s s - s u r  module -n -n- m n - j u l l i i -  f C(ji i’  r s i j  for r e m o t e  01 s u’ t u t  I o f l .  The sun n - ls -— m-a’tu u u n--a

manager a l s o  pr n - _ i  m u m — s - n -  l u n g — i  n - r n - u i  pos it  050 m - n - t u t t i s s n n s r i t y  I s n - n - i n -  to  u l n -~~ee’t the sn - n - s n - in - c e ’  ‘ s t

clear m s r  c lut ter . I n u i u / (- t s which m - \ h j b j (  I ) s u l s l s i e r  m ind  u m u s s  through t i n - u  , u s u s - t i l ( - t n - n - ’l l s n - i

pro ce -n - - ing l u - g t e , but I h m u t  w hi c h  n - In ur ut c h m n - n p n -  iI _ ic - ’tr  n u n -  m u ’~~~~( 5 ’  n-~ i n - i s  SI n - 5 ‘y e n - i -  mu number  cii

s-c miflS , n u n - a  I i i : s m i s i n - u  is u t u t  n- fl m - l m u t a-  nin~I i~~ p s m i ’ i tu g u - t n - n - n - n - u s ,  is - n - n l i u l u u t s , i .

‘ 1 — i s -
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Sing le—scan store also serves as a data base for interaction w ith the display and
for reporting validated target data on each scan n-- ia the target message processor
module. i’his module searches linearly through the s-tore and formulates messages
for reporting over the data l ink for targets that ha ve been enabled for reporting by

the single scan store manager .

c. MAII ’sITENANCE CONSOLE

The maintenance console consists of a CRT terminal , m u PPI displ ay , and a
special board tester . The CRT terminal includes an alp h anu tn -n - er ic  display and a key-
boa rd with nine function keys and , as a min imum , the standard 64—character  n-A nn- n--rican
Standard Code for information Interchange (~ASC II) set. The CRT terminal is the
vehicle through which detailed performance and fault location status information is
requested and presented . It is also used in s-v stem in i t ia l i z a t ion  to input parameters
such as radar height , refractivity index , elevmn -tion coverage l i m i t s , allow ed fr e-
quencies , and weather mode update interval .

The PPI display will provide to the un -maintenance men data and control s which
closely mirror the data and control s displayed at the Operations Center consoles .
The intent here is to provide a solid basis for evaluating the quality of the video and
detected target data radar outputs.

I 1- I T  - i t -  i s  
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BI l) u ;i- TARY 3—li R A D A R PIU ‘ C t i ~ EMiC’CT’ S C I T E D L n - L E  •\n- \j )  C( n-STh

1. D E V E L O P T ’ I E N ’ I ’  AND A CQI ISIT ION

‘Ost n - S t u n -  n - i ’m — - s  were prepared for the development , test in~~, t i n - i d  n - n - o d u C tj~~fl ol

twenty 3—D minimally attended radars . A n onn -ina l schedule is shown in Fi gure 12—1 .
The Engineering i n - n - - n - c _ i l s d m n n - c n t  phase prov ides  all of tin-n -n - u n - n - r n - r e - e a r r i n g  e n g u r m e e r n - n .

and 1 n - i a n n i f m - n - L i l - u n g  effort to produce and test the first  sy stem and prepare for p r o d a n - - --

tion of 19 mn - -r e-  at s u e  n - m n - n - n - :  of one per n-n-ontti .

The- smud g e n - n m  n - n -  cos ts-  a s s - o c i n - i m n - - d  w i th  t i n -  schedui c -  n - n - s m - t u n ic h - u t  the f o l l o w i n g

i l — r i m s -  n-i t- n- to be - ,n -’ v e rnmen t—fu r n h - n - i ’in - - d , and costs are tnerefore  not incl ud e-ui
for them.

• Tran sportation

• Fleln - L cn- l n - f  er Services

• Tower , Radonn -e , and Shelter

• Site Preparation

• Prime i’ n-~cr

Costs n - i r e  l ikewise not included for technical order s, t r a i n i n g  n - m u d  i n s t r uc t  is ’ u --

books , and spares. All costs are in la7d d o l l n - r s . 
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2. oPERA l’I t  n - N  A N D  ~n - i \ N I E ~m - \~m - n -  I’ CO STI—

Costing of n - h i -  3—D r n u s i a x  follows t in - c- same 1 i r o n - n u n- as the 2 —D radar  cost n - un - gm -.

The foll owing i t e - i m s - n -re - i nc lud ed  as Upn -n -nul ional and Mt u in t enan c e  ( 
~&

costs:

Initial and R - a l n u c c ’ m e n n -  Spuur es

Mat e r in -_ i l  Cost of Repair

La } n - n - n - m- ( ‘ost n - s i  Repa i r

~uppk Item Managemen t
P r i n m e  Con - - e r  Costs
f e - sn -  E quipment Cost

Personnel ion site ,

Tra inin g

a. COST ME TIP  -IJOLOGY

The tm—I ) radar can be broken i n t n - ,  i~’ main cost categories . The same data us

required for each e -m n - u- g or~ - as for the 2—D r a d ar . Table 12-i lists these p arameter s .

The key assumptions made in this ann i l v s i s  are:

1. All costs based on 1976 dollars.

2. -\ l l s - j ’ n n -  n - m n -s n-n - re produced during initial sy stem con s -n - tm - id u n - s n  or no i - c-too ling
is required to construct new spares.

3. Rad ar  life is- 2 ( u  y e- n -i rs with no salvage n- n i l - me .

1. No en-s i te  rn - - p m u i r  of failed components.

b. TEST EQI I P \ I E N T  COSTS

l e s t  eq u i pment n - a s s - t m -  arc based on the re - u~u i i i ’ e - u n - n- - I m t  for  two s n - u s  (n -f t e s t  e s 1n - n - i p —

lime -n t .  l”i r si , a n - s  - n i t m i e l  i- set of c~( j u i  i pt n -n -ent is needed n - it each n - te l sot . 1 h i s  Set COfi —

Si sts u u t n -

1. Standn urd t ools- n - S1 , 2 0 m )

~~ . S t n u n c i n - n - r d  l est l - ; - l ’ u m m m n u_ i -n - il  2 51 ) , Un - u )

3. Sp u c i m u l  ‘ l u ’st E ’ i n - u i I s n - i c - u n - t  and i s s o l s 61~
52 n-5 , :~ In-

* 5 - -  \-‘o lun mc - II , 2 — 1)  I n m ! t i c - ’ i u l ( - u i  I t a c l a r .

I :~ — t



~~-~~~~~- -~~~--~~~~~~~~--- - ---~~~~~- --~~~~~~~~~~~~~~~~- —- -

I-

— -- -~~~ -u -u - - - -  n-’
~~~-~~~E~~~

c-n- = c-u Zn- C

‘n-u
5—

c—u u-u c-u — c- c- cu -n-c c-u c-u c-u c-u --u c-u u-u - n -
~~ usu _~~~~~— - c C-u c-u -n- u cu c-u c-u c- c-u c-u c-u c-n c-n c-u c—u
n-z~ c u J ~~~

~1’

~~
— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

z
z

-u n - -u
C .-r — C — — —

n-c- 55) n-c- 15) 0- .— —. — n - u
U — ‘~~ ~~‘ —

5.-I ~~ —

C c-i = -r — — ~r -u-~~ —~~ -- — — - - - - .— -— c-i C,
c-i cc i—~ n - - i  5—  n - - u —r -u — .— -~~ —i-

u - -u —

-~~

E u-~
— - 

5; - n-~~~
~~ ~‘ t  — 4 in-
-
~ ~~~~‘ — u 2 ~~~~ ~~~~r

- ~n-n- — —n- —~ -~~ — .—. — - n-5- - 5-. -——
~~ -~~ c - ~~~~~~~~~~~~~~~~~ - - 2 -  ~~~~~~~

1 n-. .t n--n- —
~~~ C n- u-n-cc — - ,~~ — 5-n- -—

~ -in - - — n - n - ~ m -
~~

cc ~ mm



- -- -- - - — -  — - - “ ‘~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ n-~~~ ‘~~~~~~

The se- con - n - u - - -
~~ is to  be provided for en - in - n site , and will ac n - u s - su m - n - ed  to consist of 1/3

of the standard t - - s - t  equipmen t and tools listed n u h s m v e .

C a i n - O r a t i o n -, repair  ano replacement of test cn- n -j u ipment  is assumed to he .~ of
the initial equ u~n - mis e n t  cost per v cm ’m r .

Table 12— 2 s~n - n u u n -  o n - n - / e s  the per site and jmer depot test equipment costs. The

costs for 20 yc- n er s  a s - s n - n - t im ing  20 sites and two depots are also shown.

TABLE 12-2. TEST E Q U I P M E N T

I t e n - u m  Per Site l5 er D€-pot 20 Sites 2 Depo;s

Standard Tools 1, 400 4 , 2 ( U )  28 , 00)) 5 , 4 U 0

S l t n - n d t u  mu I E quipment  07 , 000 2 C m ) , 000 1, ~-t4si , 000 4U a , O e m )

Special Tools and E quipment — 61 , 00( 1 122 , 000

Subtotal 08 , 400 265 , 2 0U 1, i0~ , 000 530 , 400

Calibration and Repair (1 v r )  3, 42 ,) 12 , 26 0 08 , 400 20 , 520
Calibration and Repair (20 yrs )  68 , 400 265 , 200 1, 368 , 000 d m , 4 u n - u

Total 136 , 800 530 , 400 2 , 736 , 000 1, 060 , E0()

c. PEt ~Si ) N N F i  COSTS

The on—sit e  personnel n - ire listed below :

• I t ) pem n - e~ iofl s and \ ia intenance technicians Level ES

• 2 ( ( p e n - n u n - i o n s  and \I a intenan ce technicians Level E3

• 3 -
- u v c - r h e a d  (Cooks , watchmen , etc. ) Level E3

• 1 Site Comm ander  Level 03

n - s m - t n -- - n - u re’ g e -n e r n u t e d  ( u n n \  for the 20—year  operation. Data  required to compute
the personnel u -s - t n - -c  n - i re :

1. S m i m n - u n - ’~ u S.A I )

SAL ( E S )  ~1U , 550

SAL(E3 7 , 275
S-\ I ~( 02) 2 a , 75j

12-5 
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2 . uJ f f—b as&-  l iving support factor u L ~~)

LS = 1. 186

3 . On—sit e ’  O&M personnel operation factor s O P F m . Basically , it takes near ly
5 men to keep 3 men on duty full t ime due to vacations , etc. Therefore ,

OPF = 1.6

Per year , per system on site personnel costs , P , are then given by:

P = (1. 1~ 6) (1. 6) 11 SAL(E 5) + 5-  SAL(E3 + 1 SA L ( 0 3 ) )  12 — 1 )

which yields

P = $128 , 442 ( 1 2 — 2

Total 20 sy stems , 20 year personnel costs , PT are:

PT = P . 20 . 20 = S51 .37M 12—3

d. PERSONNEL TRA IN IN G COSTS

Training costs must include the cost of train ing instructors , cost of training

O&M personnel , and the cost of material used in t ra ining.  Training begins before the

first radar is deployed and continues throughout the l ife of the radar (due n - u s  per-

sonnel turnover) .

Based on an internal LCC study, training costs ann -ount to approximately  15 -

of the total O&M personnel costs , under the follow ing assumptions:

• 50’ ~, yearly tu rnover rate

• 11—12 average class size-

• 4:1 student to teacher ratio

• 3—m onth course length 5 days/week , 8 hours/day

From Equation (12 — 3 ) th en , the total 20 y e a r — 2 m )  syst & -un - n - train ing costs ,

TC = (0 . 1 5 1 ( 5 1 . 3 7 )  = $7 . 7 1M ~l 2 — 4 , u

e. LIFE CY Cl E COSTS

The same -L n - n i t i o f l s  may be n - i t -~~’d for costing the 3—1 ) radar as were used f u r  the

2—D radars. The differences are the compon ents themsel ves (front T n - i h l e 1 2 — 1 )  mind thu

overall sys t ( - tum parameters (which are listed in Table 1 2 — 3 ) .

The 20 n - e - n - u r — 2  C s’ s- tent cost breakd own (i . e. , n - i su bset of tot ,’i l l ife Cy c l e  n - i  u s - - I -

i s  shown in i n - n - a l e  1~~— 4 m i n d  per s -vs te m— ; sc - t ’  ~ ear m e s s - t m -  n - u r n -  shown in Tab lt 12 — 5 .

12- is

- -— —-— - - -- --~~~~ - —- -—-  
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TABLE 12-3. SYSTEM P.-\R A M E T E R S
]

S~ymbol Description U n i t s  Value

NS\ S ~~~ t n - f  syst emn - s 20

NVR No . of years in the radar life yr 20

YOU ic-ar ly operating hours h .57 (2 u

- n- ) l
~
MR Cost to maintain an item in the government S/item 105

inventory

C P IT’~11 Cost to enter an item into the government item 500
in V ent orv

DRCT Depot Repair Cycle Time 0. 00833
(Fraction of the total radar life )

BLR Base labor rate S/mO 20

DLR Depot labor rate S/mh 25

NI No. of new items 11)00

PT Total power used 1mW 42

CKW C m s s - t  h e r  -t WO S ‘ kWh , s 12

NSPARE No. of spare stor age s il es * 20

NC A T No.  of component cost categories 15

NDEPOT No. of depots

* This is a change from the 2— D Radar.

1 2 — 7
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TABLE 12-4 . TOTAL 20 YEAIt 2O SYSTET ’IJ , 2 DE POT O&\J COSTS

\ i : i t er ia l  Cost of Repair SI . 67T ’l

Spares Cost 8 .15

Base Labor Cost (Maintenance) 0 . 101

Depot Labor Cost (M aintenance) ( u • 218

Inventory Management ( m ~ 605

Power Cost 17 . 660

Test E quipment  (Site) 2 . 736

Personnel 51 . 4

Training 7~ 71

Test E quipment Depot 1. m) 61

Tota l SIul .37\ l

TABLE 12-5. PER YEAR-PE R SYSTEM COSTS

Material Cost of Repair 54 . 19K

Spares 2 ) 1 . 3 6

Base Labor 0.4 1)

Depot Labor 0. 53

Power 44 .2

Test E quipment  (Repa ir/Calibration ) 6. 84

Personnel 128 . 1

Total S204 . 94K
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MX plans and conducts research , exploratory and advanced
d.velop,*nt programs in command, control, and communications
(C3) activ.iti•s, and in the C3 areas of inf ormation sciences
and intelligence. The principal technical mission areas
are corrraunications, electromagnetic guidance and control ,
surveillance of ground and aerospace objects, inte.Uigence
data collection and handling, information system technology ,
ionosph.ric propagation, solid state sciences, microwave
physics and electronic reliability, maintainability and
compatibility.
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