
‘C
- -_ __ _____

-JZ AD—A01$7 S65 ATLANTIC RESEARCH CORP ALEXAPCRIA VA F~Ø 17/i• SPECIAL (MC AND DEGRADATION MEASUREMENTS ON THE AN/SPS—55 RADAR——fl c (u)sEP 77 N000fl—76—C—7060UNCLASSZFZED

‘or ’

_ _ _ _ _  _ _ _ _

END
DATE

Fit—ED



1)~
SPECIAL EMC AND DEGRADATION MEASUREMENTS

ON THE
AN/SPS-55 RADAR SET

SEPTEMBER 23, 1977

PREPARED FOR:
NAVAL SHIP ENGINEERING CENTER

CODE 6174D
WASHINGTON , D. C. 20362

0
~~~

—UNDER:
• N00024-76-C-7060

TASK NO. 22

ATLANTIC RESEARCH CORPORATION
it ~I PLA NT 7511 \A/EL LING1 [iN 1113

I ,/~~if j f  ‘ i t t  I F VIRGINIA 2~ ‘1 )1 ‘1 ~~ ~1 4111

• ~i~i~Tht~~~’ t ~~~~~~~~~~~~~~~~~
LI... ,

• 
I 1 T ’  ‘~~• • . ~~

- • .-
~~

•

p



tg)
_ _ _ _ _ _ _ __ _ _

S!’l C I A L  L ’~C AN ~ L ’~P.A~~\ 1 I ( ~~ SL J . 6 (
~~~~~~~~~~

_________ 1W 
£.- _ _ _ _ _ _

/ 1
~vp~~~~~~Ib’i~L

P r e p a r e d  f o r :

N a v a l  Ship Png ineerir ’ ~tnt cr

Code 6F4P

~‘ a~~L i n g t o n , IL( . ~rr6:

~ln c1 er:

j1
~fi~ 24 - 6 - C - “

14 S k ~o 22 DISTRIBUUON STATLME1q’rTI
1% Approved for public re~eaa~Diitribution Unlimited

Pr epa red  b y :

-‘I \tlantic Research Corporation

5390 Cherokee ~\venue
Alexandria , Virginia 22314

4 
~~ q ~~o~’ 

_ _ _ _ _ _ _  
-



TABL I  ~)I ~. I i  N~

sect ion

.0  [~ . I J ~ i I I h I I  . AN E) ~~~~~~ 1

2 . 0 ~ I1l ~ ‘1! \T PR ’~CJ N!RI~ \‘ I) j~ ~ffl 1 1 1

2 . 1 e n s i t i~ ~~t v  14

~ .2  ‘~c 1cc ti vi t y

2 .  ~ \ r i se I i  i r e  l~

2.4 Dvna ’ t C  R a n g e  2 2

2 . 5  f l I t  - t i n ’ I n t e r f e r e n c e  V i i  ~Ht i’’n

2 . 6  P1’! D e g r a d a t i o n

D I S T R 1 R U T J~~N L I S T  (‘ s.

~ f f l~~~u 0
o 

I ~~~~~~~~~~~~ HAILiSILIT?

~~~~
‘

— —



• \ N / S P S - 5 5  RADAR ~‘L.:~ \L E~ C ~~.ASt! RF~iLN T S

SLCTI ’N l .u
1 N t  iu) l)U TI flN AN !) ‘~U~ ’1 .~~~~~~

The purpose of t h i s  task  wa~ to provide riea~ured equip-
ment and performance data to support current and near-term ship
topside design activities and performance degradation modeling
effort s . The measurement results are a1~ o applicable to evaluation
and solution of interference problem s found aboard existing ships.
The r~easurements reported herein were made on the AN/SPS-55 Radar
Set , Seri al , located in the ET”C+ School at the Naval Station ,
Norfolk , Virginia. Nominal AN /SPS-55 Radar Set characteristics
are listed ,jn Table 1-1.

“The measurements performed , d i v i d e d  into two general
categories , are summari :ed. in the f o l l o w i n g  l i s t .

1. Equipment Reference Performance
(a) S e n s i t i v i t y
(b) S e l e c t i v i t y
(c) Noise Figure
(d) Dynamic Range

2.  Interference V a l i d a t i o n
(a) Off-Tune Interference Validation
(b) PPI Degradation

‘
~The equipment reference performance measurements provide

information foi correlating the interference validation measurement
results , one to another and to compare to existing measured data .
The sensitivity and dynamic range measurements include the charac-
teristics at two receiver output test points; (1) IF output before
detection and (2) the PPI video output . Also , the dynamic range
was me~ ‘rned with the output taken at the first available video
test p’ -1 illowing the detector. Test signal modulations in-
cluded . . ‘ ,ntative shipboard interference signals as well as the
nominal AM/;~PS-SS values The selectivity measurements , combined
with CW sensitivity measL$\ements with the IF output response



Table 1-1. ,AN /SPS-55 Nominal Characteristics.

Transmitter

Power Output 130 kW peak minimum at magnetron
Frequency 9.05 tc 10.00 (11:
Tuning Rate Across band , 1 minute approximately
Pulse Width

Long 1.0 ~is
Short  0 .12  us

PRF
Long ‘50 pps
Short 2250 pps

Sector Radiate
Sector width 10 to 180 degrees azimuth
Sector start 0 to 360 degrees azimuth

Receiver

Type Image-suppression mixer preamplifier ,
single conversion

Noise Figure Antenna port of circulator ,
10.0 dB maximum

IF Center Frequency 60 MHz
Pulse Bandwilth

Long 1.2 ± 0.25 M h z

Short 10 ± 1.0 MHz

Skirt Selectivity
Narrowband 20 MHz maximum (80 dB down)
Wideband 200 MHz maximum (80 dB down)

Processors Linear/Logarithmic IF , Logarithmic IF
STC
FTC
MBS (Main-bang suppression)
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Ta~ li’ 1-1 (m ontinued)

!~e c e iv er  (Con ’ t . )

• M inimum Range for One-

‘square ‘ leter Target
Short P’ilse 50 yards
Long Pulse 200 yards

Resolut ion Range
Short Pulse “5 feet
Lon g Pulse  550 fee t

M inimum Discernible Signal

Narrow ~an dw id th  - 102 .2  dBm
Wide bandwidth -93.0 dBm

Antenna

Type  B ack- to-back end-fed , s lo t ted  wave-
guide , l inear  a r r ay ,  cqui nt
compensated

Scan Rate: 16 rpm ± 1 rpm CW

P o l a r i z a t i o n  Selectable:  C i r c u l a r / l i n e a r-
hor izon ta l

Beamw id th , At 3-dB points
H or izon ta l  1.5 degrees
V e r t i c a l  20 . 0  degrees

Absolute Gain 31 dB

Sidelobe level 27 dB within ± 5 degrees

Below main lobe 30 dB outside ± 5 degrees
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ronitored on a true Th~ voltmeter . ~.rovide
1 data for evaluating

the receiver nois e ti ~’ure.

Thc~ purpose of the of~ tune interference validation
measurements was to provide inform ati on for validating the
exi stin g ~.\VSI.C Shi p hlec trona gnetic Com patibilit y \na lysis,
‘!icrowave, ~umh er I (‘LMC.\’I 1) data file cirrent ir being used in
ship top side des i~ n comnuter programs .

The ~J)J degradation measurements have a threefold
purpose. In each case , the measurements consider signals
app lied at the ri’~ eiver input (desired , then desired comb ined
i~.ith interference) and the effect produced on the information
extraction device - in this case , a plan position indicator (PPI):

•\\/SP\-25. The first purpose employed problem inputs resulting
from ship top side design activiti es. The test effort i~as limited
to those interference sources predicted to produce the greatest
interference-to -noise ratios (INRs) at the AN/SPS-55 receiver IF
output. The second purpose was to gather additional data to
validate the ~AVSFC interference degradation prediction model
developed during previous measurement and analysis programs .
The third purpose was to provide additional samples of PPI
observations for expanding the measured data base which serves
as the foundation for the existing search radar degradation model.

The terminology Ph’! degradation is derived from the
end-result effect , i.e., degradation in the ability to detect a
given target display on the PPI caused by the interference pre-
sentation . This is an overall system operational test which
includes any degrading effects between the receiver input ter-
minals and PPI video output as well as degradation which might
occur in the PPI unit and plus operator response effects.

The results from the minimum visible signal (MVS)
sensitivity measurement , listed in Table 2-2 , validate

the values contained in the NAVSEC equipment data base. Table 2-3

is a summary of the receiver sensitivity to desired and inter-
fering signals with the output response monitored on the PPI
(range ring).
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The r e su l t s  f r om t h e  r e c e iv e r  s e l e c t i v i ty  n easu rem en t s
a re  su m m a r i z e d  in F i g u r e  2-2 f o r  t h e  r e c e i v e r  ~.. id e  pu l s e/ n a r r o w
bandw i dth (WP/’P) mode (a) and the narrow pul e/wide bandwidth

(NP / l .1~) mode (b ) .  The measured selectiv ity values , at the 3-dB
bandwidth points , l . 0~’ ‘11!: in ~cP /NB and 10.4  ~Ih!: in N P / WB are
w i t h i n  the  e q u i p m e n t  s p e c i f i c a t i o n s  of 1 . 2  ±~ 0 . 2 5  M u :  and
10 ± 1 MI’:, respec tivel y . Effective noise bandwidths (BN) ,
cr’lLu~ ated from the s e l e c t i v i ty  curves , wer e 1 .08 MHz (WP/~ B)
and 12.3 M}mz (NP/WB) .

The receiver noise figure was calculated from the CW
sens it i v i ty va lues , for 3-dB S~N/N at the IF output , and the

values f rom the s e l e c t i v i t y  t e s t .  The r e s u l t i n g  noise  f i g u r e s
were 9.1 dB fo r  IcP/N B and 10 .0  dB for N P/ WB . The d i f f e r e n c e  in
no ise  f i g u r e  va lues  (0.9 dB) is attributed to measurement uncertaint y .

Three  ou tput  t es t  po in t s , T P - 3 , TP-4  and TP - 5 , tes t  video
ou tpu t  (J26)  on the Radar  Set Control  Panel , IF  ou tpu t  be fore
detection (.12 on W B/NB Filter Assembly 2A3A18 ) and P1’! video out-

put (.119) on the Receiver-Transmitter Cabinet , respectively, were
used for measuring the receiver dynamic range. The measurement
results , with the receiver IF in the LEN/LOG mode and the video
output  mon i to r ed  at T P - 3  and T P - 5  are s u m m a r i z e d  in F i g u r e  2 - 3 .

The r e s u l t s  f rom the dynamic  rang e measuremen t s  w i t h  the receiver
IF in the  LOG mode and video ou tput  moni tored  at T P - 5  (PPI  v ideo )
are shown in F i g u r e  2 - 4 .  In t h i s  case , the tes t  s ignal  modula t ions
were expanded to include i n t e r f e r i n g  s igna l s  in a dU t i o n  to the
nominal  received s i g n a l s .  For a n a l y s i s  of i n t e r f e r e n c e  e f f e c t s ,
the s igna l  levels  (both des i r ed  and i n t e r f e r ence )  are genera l ly
expressed as a r a t io  wi th  respect to the noise level , i . e . ,
s ignal  (des i red)  to noise  r a t i o  (SNR) and in te r fe rence- to -no i se
ra t io  ( I N R ) .  Dynamic range measurements  to y ie ld  SNR and INR
values were made w i t h  the receiver  output monitored at T P - 4 .

•_________ - - - • •  —— -~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~ - - .-~~~~~~~ • -—



F i g u r e  ~ : is  ;i summary of th~ S~ P / E ~~P measurement  r e su l t s  w i t h
the receiv er operated in the t~f’/ ’.b mode and LOG If processing

selec ted . Fi i~zurc 2-t ~ ~unrtari zes the SNR/I~~R measurements for
NP ,’1~B operation and LOG IF processin g.

O s c i l lo s c o p e  d i s p l ay  ph o t o g r a p h s  s h o w i n g  the ampl i tude
v e r s u s  t i r ~e c h a r a c t e r i s t i c s  of the detec ted  pu lse  envelope at
T P - 3  w ere o b t a i n e d  as a part of the dynamic range measurements.

Selected signal evels , starting f rom the  lowest  (mid )  in ter-
ference level and increme nted up to the maximum (~~itur atcd)

interfer enc e levels used in  the PPI degrad dt ion tests , wer e
applied to the receiver i n p u t .  The measurement  resu l t s  w i t h
i:P /N13 receiver operation are summarized in Figure .

‘
. F i g u r e s

2- ’ and 2 - -~ show the de tec ted  pulse  c h a r a c t e r i s t i c s  ~‘l th  in te r -
fer ence pulse widths of 0.3 us and 16 us , respec t i ve ly .  In each
case (Figures 2-7 through 2-)), the  rece iver  was
oper ated in the LOG IF processing mode . When the receiver is

sw itched to LIN/LOG IF  processing, the fas t t ime cons tan t (FTC)
circuit is also placed into operation. Consequently, the FTC
action discriminates against long-duration interference

puls es and , in the end result (PPI video) the interference pulse

wid th is reduced. Figure 2-1 0 shows the resulting video output

signal from a 16-us pulsed interference signal . The test condi-

tions for Figure 2-10 were identical to those for Figure 2-9 except

that the IF processing mode was L I N / L O G  rather than LOG .

in the off-tune interference validation measurements ,

a te st pulse , simula ting an off-tune radar signal , was app l ied at
the AN /SPS-55 rece iver input. The level of the interference was

set to selected values provided by the NAVSEC SENCAM 1

pro cedure for  a ty p ical interference situation

(shown in Tab le  2 - 5) . Fr equency  s epa ra t i ons  ( receiver  tuned
frequency versus o f f - t u n e  i n t e r f e r ence  frequency) requ ired for
the in te r fe rence  e f f e c t s  to be bare ly  pe rcep t ib l e  on
the PPI were measured and the r e su l t s  are summarized in Table 2 - 6 .

6
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In p e r f o r m i n g  t hese  measu rem n t s ,  x t  was noted that the inter

f e r en c e  p u l s e  width could be changed  over a l a r g e  range of values
w i t h out ~ n o t i c e a b l e  change  in the i n t e r f e r e n c e  d i s p l a y .  This  e f f e c t
~as e\pect I , incc the o i l - t u n e  p u l s e  en e r g y  i~~~ a fun c t i o n  of t h u
pul se r i s e t i m e  and f a i l t i m e , at a g i v e n a m p l i t u d e , r a the r  than
mid-pulse tine d u r a t i o n .  Ihe  e m i s s i o n  spec t rum r o l l - o f f  charac-
teristics of the test pulse for the validation reasurements are

summar ized in Figure 2 -12. A photograp h of the test pulse rise-

time (detected envelope) is  shown in f i g u r e  2 - 1 3 .

The pri mary test effort in this task assigm ent was
concentrated on PPI Cegradation measurements. The central

e lemen t  in these measuremen t s  was the PP I t r i a l  where , for
p r o - e s t a b l i s h e d  tes t  c o n d i t i o n s , the PPI operator is given up
to twenty PPI scans to locate a simulated target return
at  f ixed loca t ion , selected at random , on the PPI screen .
Thirty PPI trials were made for each of the selected combinations
of test conditions , this group being called a PPI run , to y ie ld
statistical information on target detection. The data from the

PPI runs were  a n a l y z e d  to ob t a in  a summary in th ree  a reas  of
i n t e r e st :  (1) mean number of PPI scans fo r  t a r g e t  d e t e c t i o n ,
(2 )  standard dev iation of mean number and ( 3) p rob ab i l i ty
of target detection in tventy P1’! scans. The results of the

analysis for forty -two PPI runs , consid er ing case s of no in ter-
ference and with selected types and levels of interference , are
summ arized in Table 2-7. The compilation of individual data

sheets  was cons idered  unnecessary  for  p r e s e n t a t i o n  in t h i s  report.
Ins tead , the data summary is g iven with the individual data

sheets  being m a i n t a i n e d  on f i l e  in the NAVSEC degrada t ion
measurements data base for on-going and future analysis appli-
cations. The selected interference situations covered the
following areas of interest in the respective radar 

modes:7



N~J~!RLk O)~
RA DAR iNi IiR} ERLNCE I~.:L~ i .LRE\LL ~1~AN SCANS FOR
MCDL LEVEL SOURCL__— - TARGET PL~LCT1ON

I:. •6~ P ~~~ . Long ~il ~e II , ~f , 1-
WP /N B ~‘lT) i ~: — ~~~ RaJ~ r , Long Pulse II , ‘! , L

If I (fl ~ • SPQ 9 ~ t d.t r
(Long ful Se) “ax PRF H , , L

NP/WE liE d! •\\~/Sr~~~9 !‘adar ,
(L oob tu l se) 1/3 PRF II , M , I

MEL ) \N ‘ S ” Q— ) a~ r
(Long rul c) ~ax PR)- II , ~ , L

NP/ li ’B ‘fib \~ /SPQ -) R a d a r ,
(Long P u l - .e) 1/3 PR~ II , M , L

NP/WB HI \~ /SE ) 9 Radar ,
(Short Pulse) , “ax PRI’ II , “, L

HI GP \ \ / S P Q  .~ Padar ,
(Short Pulse), 1/ 3 PRF U , M , L

NP/ hB ‘lip •\N/SPfl 9 Radar ,
(Short Pulse), Max PRF H , M , L

NP / WE M ID AN/SPQ-9 Radar ,
(Short Pulse), 1 / 3  PRF H , ‘I , L

Np/WE HIGH \N/SPQ-9 Radar
(Shor t  P u l s e )  ~ ‘tax PRF H , I
Plus LN- bô Radar
(L ng P u l s e )

The da ta  in t he  PP I  run summar i e s  are , for  most  of the  s i t u a t i o n s
measured , plotted in grap hical fo rn to afford easier comparison

of the interference effects. I igure 2-16 summarizes tI~e

measurement results for hi gh (saturation point) and mid-range

interfering signal levels with the radar operating in the SP/NB

mode. Several interfering signal modulations (pulse width and

PRF combinations) were used for mea -~urement s in the NP/Ic E radar
mode. The results from the NP/WB measurements are summarized in

Fi gures 2- 17 and 2-18 for hig h (saturating) and mid-ran ge
interfering signal levels , respectively.

8
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Ehe e~ fect .~ ~f in~er~ ei’~r~ e .pon tht Pl’L det ecti~
ne rt rrIan~e , i.e., N T  Jegr~~ia in’ s . based upon the meas irene nt

~umma rip s in Figures 2 t(’ th ro’ig L 2 18 , ran~ cd Iron considerable

~tcn~n o ju st ,otL #ib le e~~~ u J i t j O n .  lhe ’.c ‘esult s show that

t ? . e  -tmount of PN de~ rt ation is r~~’ ,irilv :j func tion o 1 the
lut cycle :~nd level oi the i:. erf erin .’ sigan i . !n I i gur e 2-16 ,

the amount of dt~’ra~lati on f rom ci her sirn a l le tel is re~~it ivel y

-~m a l1 hecan e t in t er fe r in ~ sign al duty cycle is low , i.e.,
1)~ fl!” I ’ S. l ei-eee ’ , ~he sat ;~ atin~ i n t e r f e r i n~ si n~~l l evel require s

h iihe r !e~ irel signal level s for tar get detect ~n haL ‘~e mi T-

ran~ e level. In igure 2-F , the interferin g signal having the

h ig he~ t duty cycle (ltd -u s pu lse width at 2~ 8 -pp s PRF; duty

ced e = fl . 18) produce s cons i !eru~-l e P1’! tIe ru ~~ ion becau~;e the

de si re t s i’ n :~1 levels , compared to the no inter f rencc le v e ls ,

f~ r comp trab le detection are much high er. T n the remaining

three curves , the amount of degradation d im inishes as the duty

cycle o~ the interferin ~ ecrease until , at the lowest duty

cycle , the degradation effec t is barel y noticeable. Figure 2 18
(m id-level interference ) shows effects from changing the

interfering signal dut~ cycle similar to those described for

-ure 2-F (sutur ;iting inter ference level). The hig he ;t dut y

cycle interference (1 (-us pulse ~s idth at 2987 pps) ~as noticed

ti be range-dep endent so two separate P~ I runs were made :

(1) R 1/3 and (2) R - 1/3 
~~~~ 

to illustrate the effect

u:~on PPI detection. The d i sp l~icement of the curves (R < 1/3 kM~~
versus R > 1/3 illustrates that hi ghe st duty cycle inter-

ference causes poorer detection perfor mance at t~ e close in ranges.

‘n th€. r’~r ’a inin curves (Fi.:ur 2-18 ), the amount of degradation

decreases as the duty cycle decreases. \ comparison of the curve

for each interferin g si gnal modulation in Fi gure 2-F (saturated

interference level) to the same modulation in Figure 2-18 shows

that the degradation effect decreases at the mid range inter-

ference levels. The highest duty cycle interference (16-us

pulse width at 298~ pps) curve in Figure 2- 17 would be expected

to show the snme type of ran ge dependenc y measur ed for  the
i.~~J-range interference at the same dut y cycle. The pattern of

9
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the “ra i 1ing ~ lines generated ~~ ~l ’ PP I ma~ affect the degree
of  d e g r a d a t i o n .  I i g u r e ’  2-la t } i  ‘u.zh 2-2~ a re  PPT photographs
which show the interference ~li sp 1a. or t’ie riajority of inter-
ference situ at ions measured. In each ~h~ to~ raph , a sim ulated

target was generated at approximate ly 60 percent of the display
maximum range at a bearing of 2Sf) degrees. Though it is obvious
in most of the original photograp hs , the target may he hard to

d istinguish here since some detail is lost in the reproduction

process.

10
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.•\ cons iderable portion of the existing measured data base

for the -\N/SPS-S5 radar set includes parameters measured with MIL-

STD-449 techniques and procedures .  The da ta resul ti n g f rom the
m e a s u r em e n t s  in this task , in many ca ses , supplements the existing

data base. Therefore , the test procedures and parameters outlined

h e r e i n  were based upon comparable k1IL~ STD~449 tes ts , as f a r  as
practical , to produce test results compatible with existing

information.

C o n s i s t e n t  t e s t  p rocedu re s  were us ed , whenever

poss ible , throughout the measurement task. Test si gnal levels
injected to the AN/SPS-55 receiver and antenna were referenced

to a secondary standard thermal power meter. Power levels were
read and tabulated to the nearest tenth-dB. The test signal
frequency was measured with a frequency counter with the readout

value lis ted to greater than 1 part on 106 accuracy.  Ou tpu t

signals from the :\N/SPS-55 radar set were measured directly or

b y signal substitution. The direct method is preferred because

this lessens the possibility of measurement error. Direct measure-

men ts employ instruments such as the oscilloscope , RMS vol tme ter ,

thermal power me ter , etc., as cal ibrated devices. l”here the direct

measuremen t was not practical , the alternative signal substitution

method represents a two-step operation . First , the output is moni-

tored with the spectrum analyzer frequency selective voltmeter (FSVM ) ,
etc., to obtain a reference response indication. Second , a cali-
brated signal is substituted to the responding instrument and si gnal
parameters (frequency , level , etc.) are adjusted to regain the

referenced value. The insertion loss of peripheral test componentt ,

e.g., filters , coaxial cable , a ttenua tors , etc., was calibrated-

out whenever possible. For example , with a coaxial cable and

filter inserted at the  output of the test signal source , the point

11
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for power reference is selected such that both components can be

cons idered a part of the source. Furthermore , when a coax ial cable
and a filter (or attenuator) were inserted ahead of the test

receiver (spectrum analyzer or F SVN) , the point for signal sub-

stitution included these components as a part of the test receiver .

Table 2-]. l i s t s  the test po nts used to measure

sample ou tpu ts , inject test signals and for peripheral test

r e q u i r e m e n t s  such as tr igger in g , etc. The test point list

inc ludes  the circuit location and measurement application for

each poin t .

The general sequence of the measurements  c o r r e sp o n d e d
to the order in which each test is described herein.

12
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2.1 Sensit ivity

Receiver sensitivit y was mea sure~! at the start of
the task and at intervals thereafter to verif y that the receiver
operation was normal whi lr ’ other tests were underway. figure

2-1 is the measurement block diagram .

The receiver sensitivi ty serves as a h.isic parameter

to which the results from several tests are interrelated.
Th er e f o r e , more than one type of standard output response wa~
needed fo r  rel at in g the va r i e ty of tes ts pe r fo rmed . In  all

cases , the test si gnal was injected at TP-1 and the radar was

operated at the mid-band frequency~ 9525 “111: .

The firs t standard response was minimum visible

signal (~IV S) as viewed on a test oscilloscope connected to

TP-3 (test video output). In this measurement , the test

si gna l sourc e wa s modula ted at the radar  nom in al pulse width

and pulse repetition frequency (PRF) for the receiver mode

being considered , i.e., wi de pu l se  - narrow bandwid th (W P /NB)
or narrow pulse - wide bandwidth (NP/WB). I~ith the test

si gnal frequency tuned to produce a maximum amplitude

response at the video output , the test signal was adjusted

to obtain an MVS output as seen on the test oscilloscope
video display. The test signal RF input level in dBm , and
f r e quency in m egaher t z , were measured  f or ‘IVS data tabulation. -

The ~VS sensitivity measurements with the receiver operated

in the LC)fl IF processing mode are summarized in Table 2-2.

I .
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T a b l e - . RECEIVL R M\ ~~ ~1EAStJ R~~~1 NI ’ ~~J~~l~\RY

Test Si gnal Characteristics
,~1Vs

Radar Frequenc y Pulse ~cidth PRF Sensitivity
Mode (Mu:) (ps) (pps) dBm )

p 525 I. () S0 - 107

\P/~cB ~)525 0.1 22S0 -10 (1

The second standard response was also minimum

visible signal (M VS)  except as measured at the plan position

indicator video (PPIV) output from the radar set at TP-5 .

T h e s e  sensitivity measurements are identified as PPIV MVS

to prevent confusion with MVS measurements at TP-3. The

measurement procedure was the same as described earlier

for MYS except that the sensitivity to potential interference

modulations was included . The PPIV MVS measurement results

are summarized in Table 2-3.

Table ~- 3. RE CE I V E R  PPI  V I D E O  MVS MEAS UREMENT SUMMARY

Test Signal Cha rcteri stics
PPIV MVS

Radar Frequency Pulse Width PRF Sensitivity
Mode (MHz) (1.JS) (pps)  (dBm)

WP/NR 9525 1.0 750 -1 0 7

WP /NB 9525 1 .0 500 -107

NP/tc B 9525 0.12 2250 -100

N P / W B  9525 0.3 2987 -104

NP/WB 9525 16.0 2987 -l os

The th i r d  ou tpu t response was the i F ou tp u t s ig na l -
to noise ratio measured at TP-4. l’he output at TP-4 was mea-

sured w i t h  a t r u e  RM S v o l t m e t e r  w h i c h  has  a 2 1 {z - to - - l OO Mhz

lu

- - - - ‘
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frequency resoonse. The noise l evel  at TP-4 was below the

minimum amplitude response (approxinlat eiv l~~
’ millivolts) of

the true RMS voltmeter. A low-noise tunnel diode amplifier
(L\ Tft.\) was in~ erted at the true RM~ voltm eter input to pro-
vi le additio nal amplification. The hand w idt t- specilication for
the LN TD-\ is 0.001 to 500 MHz. An activ e probe (hi gh impedance
input - 50—ohm output) was inser te 1 at the l’ TD:\ input to mini-
mize circuit loading at T°-4 from the output si gnal measuring
equipment. W ith the addition of the active probe and l.~ I D A ’ s

the true RM S voltmeter reading was not :i direct in di c ;i tion

of the TP-4 si gnal level. A two-step ~rocedtii e ~as
employed to measure the TP-4 levels. At each measurement
point , the true RM~ voltmeter reading was noted for reference

with the active probe connected to TP-4. \e xt , the ca l i br a ted

output from a signal generator , terminated into 50 ohms , w a s
signal-substituted to the active probe input. The signal

generator output , tuned to the AN/SPS- 55 IF of b0 MHz and
adjusted in level for a true RMS voltmeter reading to match

the reference value , was read and recorded as test data. Flu’

measured data using the third output response are reported in
the selectivit y , noise figure and dynamic range measurements.

2.2 Selectivity

The selectivity measurements provided data for

evaluating the receiver effective noise bandwidth (B\ ) and

the receiver response at frequencies slig htl y removed f r o m
the radar fundamental tuned frequency (1w ). Selectivity

was measured for two receiver operating modes; narrow luhl Se

width - wide bandwidth (NP/WB) and wide pulse width - narrow

bandwidth (WP/NB). Figure 2-1 is the measurement block

di agram .

The r ece ive r  output  s t anda rd  response w h i l e  measur ing
selectivity was an IF output signal plus noise-to-no ise

(S0 
+ N0) equalling two times the reference (Ne) v a l u e , i . e . ,

S
0 

+ N~ 
2 2N0 .

17
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tinder this cond it ion , the s 0 p wt- r c 1 ua ls the N power and

the s i g na l- to - noi ’~c ratio (S\R) is ii r .itv (SNR- ~l ) .  The test

s i gri a 1 lev i re ference i npnt 1 eve I ) m d  fret~ucnc y were
measured and tabulated .

Next , the test signal lev el was increased 3 JB

above the reference input level. The test signal frequency

was tuned away from f1 , first below then ahove , to points
where the true RMS voltmeter reading equalled the on-tun e

value for unity SNR . The test signal frequency, measured

at each point , was tabulated. This procedure was repeated ,

i n  steps , for test si gnal level increases of 6, 10 and

20 dB above the reference input level. The selectivity
in the NP/WB mode was rather sharp and , because of local

oscillator frequency variations (drift), it was necessary

to measure the tuned frequency each time a given selectivity

point was measured . This procedure , for the most part ,

successfull y compensated for the local oscillator frequency

variations. The selectivity measurement results are

summarized in Figure 2-2 . The WP/NB data were averaged to

obtain the smooth curve shown in Fi gure 2-2(a). In

both curves , the frequency points were computed relative to

th e on-tune frequency value , i.e., A f = I - f .

2.3 Noise Figure

The receiver noise figure is a basic paramater

indicative of the quality of receiver performance. In

essence , the noise figure value descri bes the additional

noise , generated in the receiver input circuits , that is

amplified along with received signals for presentation at

the receiver output.

Two basic techniques are available for measuring
r 

. r e c e i v e r  n o i s e  f i g u r e . The f i r s t  uses  a c a l i b r a t e d  source
of excess wide bandwidth noise applied to the receiver front

18
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end. The recei ver output noise is ieasured w i t h  the noise

s o ur ce off , then on , and a cea~~ir iso n of the re sults provide

the nois e figure value . This techni que is advantageous in

that rece i s-er handw idt h information is not requi red. A

disadvant age is that an-c receiver responses other than the

tuned frequency response , e.g. , receiver “image ” response

can aid to the “s igna l” (in the form of wi deh and noise)

be ing  r e c e i v e d .  I f  t h e  s e n s i t  i v i t y  to these “off-tune ”

r e sponse  f r e q u e n c i e s  is  c o m p a r a b l e  i n  m a g n i t u d e  to  the
tuned  f r e q u e n c y  r e sponse , an e r r o n e o us  n o i s e  f i g u r e  value

r e s u l t  s

In  the second technique , the receiver output

(iF output before detection) is measured with a power

responding device , e.g., thermal powe r meter , t rue RNI S
voltmeter , etc. The noise output powe r (N0) is measured

with no input signal applied to the r..~ceiver . Then the

test signal (CW) is applied and tuned on-frequency. The

test si gnal level (Si) is adjusted to obtain a selected

v a l ue  of output signal-p lus-noise (S + N0). It is

convenient to use an S. value which obtains a S + N valu e

3 dB greater (twice-power) than the N
0 

value , i.e.,

S0 
= 2N 0, g iving S0 N0 anti the ratio S0/N 0 

= 1.  he

advantage of the second techni que is that off-tune responses

to the input signal are excluded. However , the receiver

effectiv e noise bandwidth (BN) is required for evaluating

the noise input power (N i ) and computing the noise figure

from the equation .

S i /N . (1)F-

Wi th RN known , the value of N
~ 

is computed from

N~ = k I R N (2)



where k = Boltznann ’s cons t an t , 1 .38 x l 0~ ’
~ J o u l e s / ° K

T0 Temperatur e , °K (conventionall y assumed as 2)3°K)

F f t e c t i v e  n o i s e  b a n d w i d t h , H e r t z

In bo t h o f  the noise figure measurement techni ques
jus t discussed , the receiver gain is assumed to he linear over

the range of levels (excess noise or (W signal ) requ ired in

the procedure . If the receiver gain is nonlinear , the mea-

sured noise figure is erroneous; in proportion to the amount

of nonlinearit y .

The second techni que was chosen for measuring the

A \/SPS-55 receiver noise figure . The receiver has two IF

~roccss ing modes available for use; (1) LOG Ii- and (2) LI N ’ IOG

iF. The measurements were made in the LIN /LOG mode . Figure

2-1 is the measurement block diagram . The measurement results

are summarized in Table 2-4.

Tab 1 c 2-4 . RECEIVER NO I SE F I GIJRE MEASUREMENT SUMMARY

Test Signal Receiver E ffective
Rada’ Level , S. Noise Bandwidth , B\ Noise Figur e
Mode (dBm ) (Wa~ ts) ( M H z )  - (Numerical 1 d B )

lcP/NR -10 4 .5 3 . 5 5 x 1 0 14 
1.08 8.13 9.1

NP /WB -93 .)) S.00x10 13 
12.3 10.1 l0. ()

The test si gnal level listed in the table is the value required

for S + N = ZN . The receiver effective noise bandwidth
0 0 0

(BN) values were obtained from the selectivity curves in

Figure 2-2 . Each curve was converted into a power relation-

shi p curve rather than dB (not shown) from which graphical

i n t e g r a t i o n  p rocedures  o b t a i n e d  the  B N va lue . A s ample  calcula-

t ion for noise figure , ‘is ing the NP/WB data in the table

follows .
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Giv en : S
~ 

= 5.01) x io 13 watts , R , = 12.3 ~ ln~ II: ,

s / ‘ ;  • I
0 0

t \i th Equations (1) and (2) combined

F = s 1 / K i ) b \
~~

= 5~~~
H) ) I O H/ l . 3 8  (1fl)~~~~ ( 2 9 3 ) ( l 2 . 3 i L l U ~~~

= 10.1 (numerical) or 10.0 dB

2. 4 1)vnami c Range

The b a s i c  o b j e c t i v e  in  t h e  d y n a m i c  r ange  m e a su r e m e n t s
w a ;  to  o b t a i n  i n f o r m a t i o n  on t h e  s i g n a l  ( d e s i r e d  or  i n t e r f e r i n g )
to noise ratio produced at the plan pos it :on i n d i c a t i r  video

( P P ! V )  output as a function of the RF signa l level at the

receiver input terminals (TP-l). A second ary objectiv e wa~
to measure the dynamic range characteristic as a reference

equipment parameter for comparison to previous AN/S PS-55

m e a s u r e m e n t s .  As a c c e s s o r y  i n f o r m a t i o n , p h o t o g r a p hs o~ the
d e t e c t e d  v i d e o  o u t p u t  si gnal , as d i s p l a y e d  on an o s c i l l o s c o p e ,
were obtained for selected input si gnal levels and modula-

tions. Figure 2-1 is the measurement block di agram.

The dynamic range reference measu rements were ~~~
fo rmed  as t h e  f i r s t  t e s t  g r o u p .  The r e c e i v e r  output was mea -. u r e d

at two p o i n t s  T P - 3  ( t e s t  v i d e o  on the  Rada r  Set C o n t r o l  P a n e l )
and T P - 5  ( P P I V  at .J 19 on R e c e i v e r  T r a n s m i t t e r  C a b i n e t )  w i t h  t h e
r e c e i v e r  o p e r a t i n g  in the  L I N / L O G  I F  mode . Two t e s t  runs
were  made , f i r s t  w i t h  t he  W P / N R  mode s e l e c t e d  and second w i t h
t h e  NP/WB mode selected. The test signal pulse modulation

p a r a m e t e r s  were  1.0 ~s at 750 pps and 0 .12  ;‘s at 2 2 5 ~ rps ,

2~ 
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r e s p e c t i v e l y , f o r  t h e  f i r - .t and second  t e s t  r u n s .  A dua l -
t ace o~ c ii lo -~cope wa - ii~ ed f~~r s i - o j l t a n e o u s  d i s p l a y  of t h e

P - 3 and U P  — S v i dcc out put s i goal s . I he p roced u  u -  i n each
mode cons i sted of f i’ t e s t a b l i s h i n g  the input RI signal level
requ i red tor an on - t u n e  m i n i  mu ~n v i s  i b  le s i g n a l (\R ~ ) v d eo

~~put response. .\t t h i s  p o i n t , t h e  v ideo  s i g n a l  l ev e l  i s  j u s t
h i r c l v  d i sce rnable in r e lation to the peak video nois e le vel.
The t e s t  s i g n a l  l e v e l  w a s  l i s t e d  as the reference lev el along
w i th t h e  mt-a ’-.ti rt- Ll amplitudes of t h e  T P - 3  and  FP -5 signals.

N e ’.t • t he i n p o t  RI s i g n a l  l e v e l  was  i n c r e a s e d  by 3 d B o v e r
t h e  r e f e r e n c e  v a l u e  and  t h e  c o r r e s p o n d  ing  T P - 3  and TP-  S peak
v o l t  a g e s  w e r e t a h u l  a t e d  - ft i s  p r o c e d u r e  wa s  r e p e at e d  f o r
a dii i ona 1 in c  r u a s e s  i n  t e s t  s i gna  I l e v e l  , I i r st b y 3 dB and
then in n -dR increments there after , up to  the  p o i n t  w h e r e
add it i n a  I level i n c r ases  p r o d u c e d  no s i g n  i fi cant chan e in

the video output level. The results from this group o l

me asurements are s u m m a r i z e d  in  F i g u r e  2 - 3 .

a tie sc cond group of dynamic range mL- ;i-~urt -runts

the recet~ er ~~~ ~p~ ra te~ in t~ie LO~ 
T P  ~ r~ c~~cc i n ’  mndp .

t his was the mode employed for essentiall y all of the Pt!

degradation measurement runs . The basis for —.e le c t i ag this

mode was that , i n  the opinion of site personnel , the r a d a r
is mo -~t usually operated with LOG IF pr ocessing selected.

rhe  iad ar PPI video (PPIV ) was monitored at TP-S for each

ci  t h e  f o u r  t e s t  r u n s  p e r f o r m e d . Three  d y n a m i c  range measure

m e n t  r u n s  were made w ith the WP/WB operating mode selected.

The f i r s t  m e a s u r e m e n t  was run wit h the test signal modulate d

t o  du p l i c a t e  t h e  n o m i n a l  r e c e i v e d  signal , 0.12 u s I)ulsc’ w i dth

at  2 250 pps , fo r  N P / W B  o p e r a t i o n . The n e x t  two  runs were per-

f o r m e d  w i t h  t h e  t e s t  s i g n a l m o d u l a t e d  to s i m u l a t e  t h e
c h a r a c t e r i s t i c s  of a p o t e n t i a l  i n t e r f e r e n c e  s o u r c e , i . e . ,
0.3 u~s o r l t i  i s  p u l s e  w i d t h  at  a PRF of 29 8 ’ pp s .  A s i n g l e
dynamic range measurement run was made for the WP/NB mode

using the test signal modulated for one-us width at ‘SO pp s.
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\ pot cntia l interference s~ ’~rc e (LN-6b Pathfinder Radar ) operates

with a one-nc pulse width and a SD~~-p p s  P R F .  The d yn am i c  ran ge

characterist ics measured with a one-~~s pulse ~,- i ~!th at 50 pp s
were comp ared at several points to those with the PRF reduced

to  500 pps .  No s i g n i f i c a n t  changes  in v i d e o  peak o u t p u t  l eve l
were noted. Therefore , the 1~

’P/NB dynamic range measurement

results are considered valid for either PRF ; 50 pps or 51)0 pps.

The measurement procedure was the same as that described earlier

f o r th e measuremen ts in the L I N /LO G I F  mode.  In  two m e a s u r e me n t

runs  (1~P/NB with one-us pulse width and NP/YB with 1ô -us pulse

w ;dth ), the mid-pulse v i d e o  output level began limiting at an

input si gnal l evel of approx ima tel y 33 dR above the •
~~1,

.5 sensi-

tivity level. The region wherc this effect started was noted in

the data as “mid-pul se saturation level” . The measurement results

for  the LOG IF mo d e , with PP! peak video output voltage monitored ,

are summ ar i z ed in F igur e 2 - 4 .

In the analysis and modeling of the PPI degradation ,

the levels of the desired and interference si gna ls are normali :ed ,

in a ra t io , to the output noise level measured at the output

from the last IF amplifier preceding the detector. For

s impl ic ity ,  these ou tpu t s ignal  rela t ionsh ip s w i l l  he termed
SNR (meaning IF output signal-to-noise ratio) and TNR (meaning

IF  output  i n t e r f e r e n c e- t o -n o i s e  r a t i o ) .  The rece iver  IF ou t-
put for the SNR and INR measurements was monitored at TP-4.

An active probe , connected at TP-4 , “as used to prevent circuit-

loading by the tes t  equipment . The ac t ive  probe ou tpu t was
amplified with a low-noise amplifier and the oscilloscope Channel

2 amplifier to provide a level sufficient for dispaly on the

oscilloscope (Channel 1). Two dynamic range measuremen ts runs

were made in WP/NB receiver mode with test signal modulations of;

(1) one-us pulse wid th at 500 pps and (2) 0.1-us pulse width at

1000 pps.  In NP / WB mode , the test  s igna l  modulations (pulse  w i d t h
and PRF) were as follows : (1) 0.12 )JS at 2250 pps , (2) 0.3 us at

2987 pps and (3) 16 ~is at 2987 pps.
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-\ two - pa r t pr oced ur e was emp loyed for each com bina -
t i on of radar mode and test signal modulation parameters.

In  t h e  f i r s t  part , the peak-to- peak output noise level was

n o t e d  on t h e  o s c i l l o s c o p e  w i t h  no s i g n a l  app l i e d .  N e x t ,
t h e  t e s t  s i g n a l  ( p u l s e )  was turned on. The frequency was

tuned for maximum IF output response. The test signal level

providing a minimum visible pulse in the IF output was

measured for reference. Then , the test signal level was

increased by a selected amount above the reference value and

the resulting peak-to-peak pulse amplitude on the oscilloscope

was noted. This procedure was repeated with the test signal

level increased , in steps , up to the point where additional

increases produced no significant change in the peak-to-pe ak

I F  pulse amp litude.

In  t h e  n e x t  p a r t  of the p r o c e d u r e , a c a l i b r a t e d
s i g n a l  genera tor , tuned to 60 MHz ( receiver  I F ) ,  was s i gna l -
s u b s t i t u t e d  at  the  i npu t  to the low n o i s e  a m p l i f i e r .  The
s i g n a l  g e n e r a t o r  o u t p u t  was a d j u s t e d  to o b t a i n  each of t h e
peak-to-peak levels noted in the first part of the measure-

ment and the output level value was noted. The IF output

SNR and TNR values were computed by comparing all output levels

measured  in a g iven t es t  run to the lowes t ou tpu t l evel
ob ta ined in tha t run . Th e resul ts f rom the SNR , IN R measure-
ments in the WP/NB mode are summarized in Figure 2-5 . A

s im i l a r  summary for the NP/WE measurements appears in Fi gure

2 - 6 .

To i l l u s t r a t e  the  rada r  v i d e o  o u t p u t  o b t a i n e d  at
several levels of interfering signal , covering all of the

• pu lsed interference sources considered , t he  t es t  o s c i l l o -
scope d i s p l a y  was  p h o t o g r a p h e d .  The t es t  s i g n a l  l e v e ls
ranged f rom t h e  lowes t  i n t e r f e r e n c e  level  used in  t h e  PPI

27
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degr adat ion m ea surements up to the m .~ imum or c a t u r a t  ion
1e~ el. \ l l  of t he se  m e a su r e m e n t s  w e r e  o b t a i n e d  w i t h  t h e
te st o s cillo s cope connected to TP-3 . Ihe video output

response photograp hs and the pertinent test details and

parameters are  summarized in Figures -T throug h 2- 10 .

Off-Tun e Interference Validation

The p u r p o s e  of t h i s  t e s t  w a s  to  p r o v i d e  mea sured

data f o r  v a l i d a t i n g  t he  r e s u l t s  f r o m  i n t e r f e r e n c e  p r e d i c -
t i o n s  m a d e  w i t h  t h e  \-\VSIC ~F~ C.-\~f I p r o c e d u r e .  S el e c t e d
interference sources in the AN/SPS-S S radar receiver tuning

h and and a typ ical ship board problem input were used
to  g e n e r a t e  t h e  SI~’-!C•\M 1 results summarized in Table 2-S .

The interference from t he s o u r c e s  i n  T a b l e  2 - S  was s i m u l a t e d ,
as c l o s e l y  as p o s s i b l e , at  t he A N / S P S - 5 5  r e c e i v e r  i n p u t .
The subsequent validation measurements were performed in

two parts. First , simulated interference fundamental

emission dup licating the predicted values were established

and  the amount of frequency s e p a r a t i o n  (c- f , in M e g a h e r t z )
between t h e rece i v e r f and the simulated emission I was

0 0
measured for each interference situation. Second , the

amp ! itude versus frequency rollo ff of the simulated emission

spectrum was measured for reference information in the

v a lidation ana l ysis. The test setup block diagram for the

first-part measurements is shown in Figure 2 -1 . Figure 2-11

is the test pulse emission spectrum rolloff measu rement block

diagram .

Th e me asured SNR , INR data in Figures 2-5 and 2-6

served as reference information for setting-up the level

of the simulated interference sign al (fundamental emission).

The p r e d i c t e d  i n t e r f e r e n c e - t o - n o i s e  r a t i o  ( I N R )  v a l u e s ,
Table 2 - 5 , ranged from 63 dl~ up to 103 cil3 . The measured
d y n a m i c  r ange  d a t a  ( F i g u r e s  2 5  and 2 6 )  show a maximum

- ~- —--—-—-



TABLE 2-5. SEMCAM 1 PREDICTION SUMMARY

TRANSMITTERS
RECEIVERS

AN /SPO-9 AN/SPQ-9 LN-66
LONG PULSE SHORT PULSE HIGH -POWER FF

RF BURN-OUT POWER SIDE-TO-SIDE • SIDE-TO-SIDE • MAIN-TO-MAIN •
FOR ANISPS-55. -31 dBm CASE . -31 dBm CASE . +1 dBm AND
LONG PULSE . FUNDAMENTAL FUNDAMENTAL SIDE-TO-SIDE •
HORIZONTAL .21 dBm CASE .
POLARIZATION FUNDAMENTAL

RF BURN-OUT POWER SIDE-TO-SIDE • SIDE-TO-SIDE • MAIN-TO-MAIN •
FOR AN/SPS-55 . -35 dBm CASE . -35 dBm CASE . -3 dBm AND
LONG PULSE. FUNDAMENTAL FUNDAMENTAL SIDE-TO-SIDE •
CIRCULAR -25 dBm CASE .
POLARIZATION FUNDAMENTAL

INR SIDE-TO-SID E • SIDE-TO-SIDE • MAIN-TO-MAIN •
FOR AN/SPS-55. +73 dB CASE . +67 dB CASE. +103 dB AND
LONG PULSE. FUNDAMENTA L FUNDAMENTAL SIDE-TO-SIDE •
HORIZONTA L +81 dB CASE .
POLARIZATION FUNDAMENTAL

INR SIDE-TO-SIDE • SIDE-TO-SIDE • MAIN-TO-MAIN •
FOR AN/SPS-55. +69 dB CASE . +63 dB CASE . +99 dB AND
LONG PULSE. FUNDAMENTAL FUNDAMENTAL SIDE-TO-SIDE •
CIRCULAR +77 dB CASE .
POLARIZATION FUNDAMENTAL

DELTA P SIDE-TO-SIDE • SIDE-TO-SIDE • SIDE-TO-SIDE
FOR ZERO INR • 115 MHz 44 MHz 362 MHz

AN /SPS-55
HORIZONTAL
POLARIZATION

DELTA F SIDE-TO-SIDE • SIDE-TO-SIDE • SIDE-TO-SIDE ’
FOR ZERO INR • 92 MHz 38 MHz 288 MHz
AN/SPS-55
CIRCULA R
POLARIZATION

ABBREV IAT IONS: SIDE LOBE-TO-SIDE LOBE ANTENNA COUPLING
SIDE-TO-SIDE MAIN LOBE-TO-MAIN LOBE ANTENNA COUPLING
MAIN-TO-MAIN INTERFERENCE SIGNAL-TO-NOISE RA TIO
INR
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Test Signal

Pulse Width: 1.0 MS

PRF: 1000 pps

- 
Level: -80 dBm

Oscilloscope Display
Amplitude: 0.5 volts/div.
Sweep Time: 0.5 iis/div.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Test Signal

Pulse Width: 1.0 MS
PRF: 1000 pps

Level: .70 dBm
- Oscilloscope Disp lay

Amplitude: i 0 volts /d iv.
-
~~~~~

- 
- -

~~~~~~~~
- 

~
- - Sweep Time: p.5 Ms/div.

Figure 2-7. Receiver Video Output Signal ,
WP/NB, Log IF.
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Test Signal

Pulse Width: 1.0 MS

PRF: l 000 pps

Level: -60 d8m

Oscilloscop e Display

Amp litude: 1 .0 volts /div.
- 

~ Swee p Time: 0.5 MS/div.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Test Signal

Pulse Width: 1.0 MS

PRF: 1000 pps
Level: -35 dBm

Oscilloscope Display
- 

- - 
Amplitude: .0 volts /div.

- - 
~~~~- 

~~~
- Sweep Time: 1.0 MS/div.

Figure 2-7. Receiver Video Output Signal . WP/NB. Log IF. (Continued )
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Test Signal

Pulse Width: 0.3 MS

PRF: 2987 PPS
Level: -80 dBm

Oscilloscope Disp lay

Amplitude: 0.z volts /div.
Sweep Time: 0.2 Ms/div.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T*st Signal

Pulse Width: 0.3 MS
PRF: 2987 pps

Level: -70 dBm
Oscilloscope Display

Amplitude: i.o vo lts /div.

Sweep Time: 0.2 Ms/div.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Test Signa l

Pulse Width: 0.3 MS
PRF: 2987 ppS
Level: -60 dBm

Oscilloscop e Display

Amplitude: i.o volts /div.
Sweep Time: 0.2 

— 
ps/d iv.

Figure 2-8. Receiver Video Output Signal , NP/WB, Log IF.
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Test Signal

Pulse Width: 0.3 MS

PRF: 2987 pps

Level: -50 dBm

Oscilloscope Display
Amplitude: I .0 volts/div.
Sweep Time: 0.2 Ms/div.

Test Signal

Pulse Width: 0.3 MS

PRF: 2987 pps
Level: 35 dBm

Oscilloscop e Display

Amplitude: 1.0 volts /div.

Sweep Time: 0.2 ps/div.

Figure 2-8. Receiver Video Output Signal , NP/WB , Log IF. (Continued)
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Test Signa l

Pulse Width: 16 MS

PRF: 2987 pps

Level: -85 dBm

Oscilloscop e Disp lay

Amp litude: 0.5 volts /div.
Sweep Time: 5.0 Ms/div.

Test Signal

Pulse Width: 16 Ps
PRF: 2987 PPS
Level: .

~~~~~ 
dBm

Oscilloscope Display

Amplitude: 0 5 volts/div.
_ _ _ _ _

Sweep Time: 5.0 Ms/div.

Test Signa l

Pulse Width: 16 MS

PRF: 2987 PPS

Level: -65 dBm

Oscilloscop e Disp lay

Amplitude: 1 .0 volts /div.

Sw eep Time: 5.o ps/div.

Figure 2-9. Receiver Video Output Signa l , NP/W B, Log IF.
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Test Si gnal

Pulse Width:  16 MI

PRF: 2987 pps

Level: -55 
_______ 

dBm

Oscilloscope Disp lay

Amplitude: 1 0 
— 

volts /div.
— — Sweep Time: 5.0 ps/div.

Test Signa l

Pulse Width: 16
PRF: 2987 PP~
Level: 35 dBm

Oscillosco pe Disp lay

Amp htude: i.o volts /div.
Sweep Time: 5.0 p s/div.

Figure 2-9. Receiver Video Output Signal , NP/WB , Log IF. (Continued)
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Test Signal

Pulsi Width: 16 p5

PRF: 2987 pps

Level: 
— 

-85 dBm
Oscilloscope Disp lay

~~~~~~~~~~~~~~~~ Amplitude: 0 5  volts /div.
— 

Sweep Time: 50 ps/div.
-

Test Signal

Pulse Width: 16
________________________________________ PRF: 2987 pps

Level: .75 dB m
Oscilloscope Disp lay

Amplitude: 0.5 volts/div.

1. Sweep Time: 5.Q p s/div.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Test Signal

Pulse Width: 16

PRF: 2987 pps

Level: -65 dBm

Oscilloscope Display

Amp litude: 1.0 volts/d iv.
Sweep Time: 5.0 

— 
ps/div.

Figure 2-10. Receiver Video Output Signal , NP/W B, LIN/LOG IF.
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Test Signal

Pulse Width: 16 MS
___________________________________  PRF: 2987 _ pp%

Level: -55 dBm

Oscilloscope Disp lay

Amp litude: 1.0 volts /div.

__, — Sweep Time: 5.0 ps/div.

Test Signal
Pulse Width: 16 MS

PRF: 2987 PpS
Level: -35 dBm

Oscilloscope Display
Amplitude: 1.0 volts/div.

Sweep Time: 5.0 ps/div.

Figure 2-10. Receiver Video Output Signal , NP/W B, LIN/LO G IF. (Continued)
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SIGNAL GENERATOR POWER METER
HEWLETT-PACKARD ~ HEWLETT-PACKARD
6208 431A/478A

_ _  I _ _

HEWLETT .PACKARD 
PULSE TEST RECEIVER

~~ONAL GENERATOR

ISITE EQUIPMENT)

FREQUENCY
COU NTER TERMINATION
SYSTRON-DONNER (50 OHM THRU-L INE)
1017/1292

OSCILLOSCOPE
TEKTRONIX
475

Figure 2-11. Test Pulse Emission Spectrum Measurement Block Diagram.
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a t t a i n a b l e  TNP v a l u e  of 5 6 . 5  d!~ for the interference sources

considered. To establish the interference signal level to
be used , the l inear INR reg ion on the dynamic range curves

was assumed to extend on a straig ht-line b asis to higher INR

va lues  s ince  the  i n t e r f e r e n c e  f r e q u e n c y  is de tun ed  f r o m  the
- \ N / S P S - 5 5  r e c e i v e r  f 0 . The method  fo r  a r r i v i n c ’  at the
interference level used will he explained for one interference

situation in Table 2-S . The predicted INR for the \N/SPQ-9

short-pulse r~ode (l 6-~~s) pulse width at 298 pps) to the
-\N /SPS-SS in the t~P/NJ3 mod e , with horizontal antenna polarization

selected , was ~3 dB. In the dynamic range measurements (Figure

2 - 6 )  an i n p u t  signal modulated with the -\y/SPO-~ short-pulse

p a r a m e t e r s , i . e . ,  ü . 3 - p s  pu l se  width at a PRF of 2987  pps and

a signal level of -60  dBm produced a measured I’~ (termed INR ’)

at the -\N/SPS -55 IF output of 2!1 .5 dB . This value is 43.5 dB
lower than the p redic ted INR value , i.e., INR (73.0 dB) -JNR’

(29.5 dB) - 43.5 d13. The equivalent receiver input sigani

l evel , with straig ht-line extrapolation of the dynamic range

l inear  re g ion , should be 43.5 dB greater than the -60.0 iBm

lev el tha t produced INR = 29. 5 dB . Th eref ore , the interfering

signal level to simulate the predicted 73.0 dB INR was com-

puted as -60.0 dBm + 43.5 dB = -16.5 dBm . This procedure was

used for computing the test signal level in each interference

s ituati on s imula ted for the measurem en ts.  Th e values us ed
in the ca lcu la t ions are summar i zed in Tab le  2 - 6.

W i t h  the  interference modulation and level simulated

at the AN/SP~ -55 receiver inpu t , the interference frequency

was tuned below the \N/SPS-55 receiver f0 un t i l no in ter-
ference was vi sible on the plan position indicator (PPI)

connec ted to the radar set video output. Then , the in ter-
fe rence  f r e quency wa s i ncreased slowl y un t i l  the PPI
observer declared the interference visible. A t this poin t,



b oth the i i i  t er ie rence t requcn c ‘. and the rece vi- r tuned Ire -

~ u e n c v ‘~v re m e a s u r e d .  I h e  s e p a r a t i o n  (- .1) he t’.~ecn the t-~..o
I re~.~uc-nc i e s  ‘~ as comput ed  fo r  each measurement  cond it ion and

the results are summari :ed in the la st column of labl e 2 - h .

I n  t h e  second  pa r t  of t h e  m e a s u r e m e n t s  ( t e s t  p u l s e
spec t rum r o l l  o f f ) ,  the t e s t r e c e i v e r ~ as  m i t  i a l l v  tu ned
to ~)53() ~sll!:. The No. 1 t e s t  s i i ~na 1 generator output l~)

was modul ated (PIN modulator and ;iss oci atc d driver) to pro-

v ide a t e s t  Ri  p u l s e  w i dth of lt us at 2) 8 PU I sc- s pe r
second. Ihe No. 1 test .i gn a l  g e n e r a t o r  ou t p ut level was set to

i \ i m um ; thereby producing a peak level of -4.0 dBm measured

a t the PIN modu lator output terminals. The test rec eiver

5 MU: h a n d~ i d t h ~as -~e I e c t e d  to  f ac  i i  i t  a t e  t u n i n g  - i d i  us tinent s
For the I i rst inea surcnient point , the test rece iver ‘.~as tuned

for maximum response a t the N o . 2 genera tor f0. After noting the

test receiver meter reading for reter ence , the c a l i b r a t e d

output ((1~) from the No. 2 generator ~as s ignal- substituted

to the coax going to the test receiver. ;\f t -r p e i k i n g

the No. 2 gener ator frequency for maximum test r e c c i v - r

response , the output level was adjusted to te ga in the

reference meter reading . The resulting No. 2 si g n a l

generator level noted in the data is called the

r e f e r e n c e  on-  f r e q u e n c y  l e v e l  - The measur ed No . 2 g e n e r a t o r
frequency was noted. In the next step, t he co a x w a s  re-

c o n n e c t e l  to the No. 1 generator. The t e s t  r e c e i v e r  ~ a —
t u n e d  a h o v e  t h e  N o .  1 g e n e r a t o r  f0 until the test receiver

mete r  r e s p o n s e  decreased about 40 dB. After noting the

meter reading, the No. 2 generator was used to calibrate the

response in the manner described for the reference on-frequenc y

point. Both the frequency and level of the No. 2 generator

we r e li s ted in t h e data. This procedure was repeated , with the

test r e c e i v e r  response decreasing in steps , at s u c c e s s i v e l y
h i g h e r  f r e q u e n c i e s  above the  No.  1 g e n e r a t o r  f0. in the data

reduction , each o f f - f r e quency level was sub t rac ted from th e

_ _ _  -~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r e f e r e n c e  o n - f r e q u e n c y  l e v e l  a t each  m e a s u r e m e n t  p o i n t .  The
t requencv separation , ~f , was obt a in ed by comparing each off-tune
frequency to the reference on-tune frequency. The results from

the test Pulse spectrum roll-off measurements are summarized in

Fh-u re 2- 12 . The measured spectrum roll-off values are plotted

as a point-to- point curve (solid line). The trend of the point-

to-point curve indicated a straig ht-line relationship f o r  r ol l-
o f f , in dB , as a function of the frequency, in megahertz.

The dashed line on the graph is the least mean squares curve

f i t to thc measu r ed data points.
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Figure 2-13. Test Puls Risetime Photograph.
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PPI Degradation

The PPI degradation mea surements consisted of determining
the ’ num ( er of P PI  scans , statistical ly averaged , needed for detec-
tion of a tar get w ith known signal strength under controlled inter-
ference conditions. The nominal PPI target detectio n performance
w as  estab lished in measuremen ts with a desired signal (S1)) as the
simu la ted target return and no interference present. Subsequent
P P I  de tection performance measurements were made with both the S1)
and either one of two interfering signals applied simultaneously.
Figure 2- 1 4 is the measurement block diagram.

The first requirement in the PPI degradation measurements

was to develo p a simulated target return signal. It was desired

to have a fixed target such that the target “blip ” appeared at the

same location ( range and hearing) on each antenna/PPI scan cycle .

Though fixed at a g iven location for a given PPI trial , the target

position was placed at random points (range and hearing on the PPI

display) from one PPI trial to another.

The setup for simulating the target return signal was

assemb led w i t h several units of standard test equipment. The test

signal source was a signal generator with the frequency tuned for

maximum response near the mid-point of the AN/SPS-5 5 radar ’ s operating

range; ~)S25 MHz. The CW RF output from the signal generator was

pulse-modulated , us ing a PIN modulator , to produce an RF pulse w idth

(0.12 ~s in the NP/WB mode and 1.0 ~~~~~ in the WP/NB mode). The PIN

mod ulator driver was synchronized to the AN/SPS-5 5 main PRF t r i g g e r
v i a  a p u l s e  g e n e ra t o r  used as an adjustable delay generator with pro-

Pulse gene -ator used as an adjustable delay generator with pro-

vision for gating the trigger off/on . The target simulator

source, up to this point , provided a target at all hearings , i.e.,

• range ring on the P P I .  The range value was varied by changing the

delay setting on the pulse generator . A test oscilloscope ,

t r ig ge r ed by t he  p u l s e  g e n e r a t o r  inpu t  t r i g g e r  s i g n a l , was u sed

fo r  d i s p l a y i n g  the  m o d u l a t o r  d r i v e r  o u t p u t  s i g n a l .  The o s c i l l o -
scope sweep rate was adjusted such that zero range coincided

47

_ _ _  
I— a-— _ -—-—--——- — ,,.-s-_-_ 

- - - - ~~~~
---

~~~~~
---



-a0 I
Ma Z 

~I z
~a 5• Ma

• .
~~~~~~~ ~~~ • 0 0 Z M . ~~

I.. 4IMa q

O Ma~~
4 N

2 0
I IMa 

~~4 pZ I o~ 
z

9 ). I 4 Z Ma
Z X  

~~4 9 ~
.J4 • Ma ,a. 

~~~ .49. • Z
~~~!1 s — 9 ~~ e— a— ~ 2~ 4~0iu~~U,- — 

Z~~~~ u0
a’

Ma - —  -

~~

_____ _____ ______ ______ ______ .x
U.4 Ma -
04 I~~ _ _ _  _ _ _  _ _ _

U 4 Ma I

Ma 
-
~~

I’ I
_____ _____ I I ______ _____

a)
001 1 

— -a I Ez ~~~~I — 
>144  14 44~~~ ,~ 

..
~I-U Ma Z

a
— PaO—.~~~. ~~I~~~N 

a)

-‘U, Ma w w C
Ma .2

—

_____  _____  _____  

~~~~~~~~~~~~ 
a

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

a’
_ _  _ _ _ _ _  

a)

0
I.
Ma~~ I I Ma .J

0 0 4

~
r ~ o~ C,Ma 4 >—  — - (‘-4

Ma ~~0 I a)
> -~

-.g Oa. a - ’  zi.” ~~~
I- -

a’
ZV I~~

_ _ _ _  _ _ _ _  

£19 4%0 I
4
0

_ _ _ _ _  _ _ _ _ _  
4
I

— 4
II
M a W

I

004 I ~ ~~~ 
4
4 4I L I 114 W‘ 

I_lW 92

Ma C,’,
‘ MW

48

-~~ -- - - ~~~~~~~~~ — - _________________
- ~~~~~~ 

- - -

~

- —‘



w i t h  the extreme left graticul e line and the maximum range used

in the me asurements (20 miles for “~P/wB or 50 miles for WP/NB)

coincided w ith  the extreme ri ght graticule line. iVith 10 dis p lay

divisions between the two end points on the display, selected

range values were easily set- lip ; each division corresponding

to 10°c of the maximum range.

The target hearing was produced with a test oscillo-

scope (Tektronix Model 547) operated as a pulse generator having

variable de la y . In this procedure , it was assumed that target

information is present only during the time interval required

for the radar antenna heamwidth , measured at the half-power

(3-difl points , to scan past a given hearing point. The radar

antenna s c a n  rate- and heamwidth are 16 RPM and 1.5 degrees ,

respect iv el~- . Therefore , the 3-dB beamwidth scans past a g iven
- - - - - 1 Minutes 1 Scan

h earing line in 15.6 milliseconds 
~16~~~:an x 3~-0 Degree X

Seconds 
~ ~ s l)egrces 

= 0.0156 
Seconds ) The test oscillo-M inute Target Target

scope (Tektronix 547) was operated in the A delayed by B mode w ith

the duration of the A-sweep (and A-gate signal) adjusted to 15.6

milliseconds. The B-sweep was synchronized to the azimuth

r e f e r e n c e  p u l s e  ( A R P )  w h i c h  i s  g e n e r a t e d  in the  r a d a r  a n t e n n a
d r i v e  a s s e m b l y  at  t h e  same h e a r i n g  in each comp lete antenna

scan . The B- sweep  t i m e  fo r  one c o m p l e t e  sweep wa t s l i g htl y
less than the time required for one complete antenn~ scan ,

(approximately 60/16 seconds). With this setup , the A-gate

signal can he adjusted , with the oscilloscope delay setting,

to  occur  at  a l m o s t  any  p o i n t  d u r i n g  the  r ada r  a n t e n n a  r o t a t i o n .
The point at which the A gate occurs is seen as an intensi fied

dot on the oscilloscope screen. This permitted setting the

simulated target hearing to selected value s .

With the hearing simulation gate fed to the gate in-

put of the pulse generator which provides the simulated range ,

the result was an RF pulse train covering a 1.5-degree sector

on t h e  [‘Pt .  The w i d t h  of t he  h e a r i n g  ga te  was checked  by count-
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i n g  the number of RF pulse s ~c cu r r  i n g  d u r  I ~g the gate time;

about 12 pul ses in WP/NB and 35 pulses in \P/(~B.

The PPI degradation measurements be gin w ith the

desired signal (S0) o n l y  injected i n t o  t h e  . \N/ SP S- ~~5 r e c e i v e r .
The PPI controls were adjusted as follows :

I . The m a x i m u m  r a n g e  was  a d j u s t e d  fo r  e i t h e r
21) miles or 50 miles corresponding to the

radar mode selected ; NP/WR on h~P /NB ,

r e s p e c t i v e l y  -

2. The PP I  video gain was set to minimum .

~~~. The PPI intensit y was set for a barel y

perceptible sweep display.

1 . The PPI video gain was increased until

t he  sweep l i n e  was c l e a r l y  ev ident , pro-
v i d i n g  a visible noise display without

blooming.

The ba sic element in the PPI detection runs is called the “trial” .

i h e  procedure for one trial is as follows . First , w i t h  an ope ra to r
stationed at the PPI , the simulated target si gnal , at a pre-

det e-in ined level , is applied at the radar receiver input. At
the same time , the PPI operator is advised to find the target.

The operator is given 20 complete PPI scans in which to find the

tar get; however , if the target is not found in t h i s  number of PPI
scans , the t r i a l  resul t  is l i s ted as “no detection ’S . If  the opera to r
declares detection in <20 scans , the number of scans for detection

is listed in the data. To verif y that actual detection occurred ,

t h e  t e s t  s i g n a l  level  i s  i n c r e a s e d  about  10 dB , p r o d u c i n g  an
easily distinguished target. With detection verified , the

c o o r d i n a t e s  of the  t a r g e t  on the PP I are  measured  and l i s t e d .
T h i s  p rocedure  is  a l s o  used in  cases of no detect ion . If the

identification result is negative , i.e., f a l se  al arm , the false

a l a r m  c o n d i t i o n  is anno ta t ed  a long  w i t h  t rue  t a r g e t  c o o r d i n a t e s .

I

- - 
-

~~~~~~~~~~~~~~~~~~~~~ 
- — 

—

~~~~~~~ 

- - --— —--  ---

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~



- r h i r ~~y [ ‘P t  t r i a l s  we re made - I t each te~~t s ie ’n a l l i-vet

for a ~‘iven co m b i n a t i o n  of  m o d u l a t i o n  p a r a m e t e r s  ( d e s i r e d  and
int e rf e rt-u ce) and the r e ceiv e r operating mode selected. i bi s

number of tri a ls repre sents a compromis e between h a ving a li rge

number of data points for a reliable statistical anal y sis and

the practical consider ation for the test time budget. For con-

venience in future references , each set of thirt y [‘[‘I t r i a l s
is termed a “[‘P1 run ” .

The basic purpose in the PPI runs was to determine

detection as a function of the simulated target return 1 ’-ve l .

The measure of detection performance was considered as the mean

number of scans to detect the target on the [‘[‘I. It was desired

for the measurement results to show three general levels of

detection performance as f ollow s :

1. H i g h  - one to three mean scans to de tec ti on.

2. Mid - four to nine mean scans to detection .

3. Low - 10 t r ~ 18 mean scans to detection .

The test signal level to obtain these performance levels was

e s t i m a t e d  th rou gh p r e l i m i n a r y  PPI trials at each set of test

parameters. The high , mid and low mean scans to detection PPL

runs were performed as a group with the selected simulated target

levels interm ixed (90 PPI trials total). The purpose of this

was to prevent the operator from anticipating the degree of

difficu lt~’ for finding the target. Consequently, the results

from three runs could not he evaluated until the entire group

of measurements was completed. In a few cases , the detection

performance values were borderline or slightly outside the general

region desired.

In the measurements with a sing le interfering sigaal

in th e WP /NB rece iver mode , two interfering signal levels were

selected as follows: (1) -35 dBm which produced saturation

and - 80 dBm which corresponds to approximately mid-wa y between

~-1V S and top of the linear region on the dynamic range curve.

51

— 
—-.-—- — - - —- ——---------—-—-——- -. - — — -  —- - - — - -.—.~~~~~~~~~~

.—-
~~ 

— - —. 
-——-- I— -- — 

— - - - - -



In the measurements w ith a si u g lc int e rfering -~ign al in the

NP /Wb re c e- iv ei- mode , with the same select ion process , ~5 d}4n

sat arat ion ) and -80 dBm ( id - level) were used when the i n t e r  -

fe rin g p u l s e  w i d t h  was 0 .3  ~is. Wi th the interfering pulse wi d th
w idened to 1 us , the MVS value decreased so the int e rferi n: .
levels sel e cted were -3~ dBm (saturation) and -MS dhm ( m i d - l e v e l ) .
I-o r the multi ple ( 2 )  interfering signals measurements , only

the saturation level (-35 dBm) was used .

The comh~ nation s of interfering signal modulation ,

receiver pulse width/bandwidth mode and receiver IF processi ng
werc limited to those anticipated to have the greatest degrada-

tion in the PPI detection runs. The PP! runs with both the

lh ~s and 0.3 us interfering si gnals , at 2987 pps P RF , sh owed
con~-i Je rah le degradation. Therefore , these measurements were

repeated with the same values of pulse width and the PRF reduced

to one-third of the orig inal value (2987 pps - - 3).

The data from individual PPI detection runs were

recorded on data sheets similar to the one shown in Figure 2- 15.

Lach data sheet was analyzed to obtain the following information .

1. Mean scans to obtain target detection.

2. Standard deviation of mean scans.

3. Probability of target detection in 20 scans.

In computing the mean scans for target detection , it was assumed

that target detection occurred on the twent y- first scan if no

detection resulted throug h the twentieth scan . The results from
the PPI detection runs are summarized in Table 2 - 7 . The original

data sheets are maintained in the NAVSEC Degradation Data Base.

• The measurements wit h the single interf~erence , l6-~ s

pulse  w i d t h  at 2987 pps , showed range as a s i g n i f i c a n t  fac to r  in
detecting the target. This effect was investigated through

doubling the number of [‘P1 runs and using h ig her  level s for
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Test Si gnal Characteristics:

Pulse (
~id t h [‘RI Leve l

FYM. 
— 

(usec) (pps)

Desired: 0.12 2250

Interference No. 1: 16.0 298 -35

Interfere nce No. 2: — OFF

P.PI Session No.: 16 Radar Mode : NP/WB II- : LOG

TAR GET LOCATION PPJ SCANS TARGET LOCATION [‘[‘I SCANS

TO DETECT - TO DETECT
Ran ge Bearing Range Bearing
(n m i )  ( D e g r e e s )  ( # )  (nmi)  (Deg ree s )  ( # )

14 282 1 17 257 2

8 152 21* 11 298 7

16 061 1 17 126 1

8 320 2 16 168 1

9 222 6 10 094 7

11 079 2 9 036 8

10 289 2 15 096 2

8 270  21* 12 
- 
296 2

11 101 4 17 219 4

14 238 1 14 246 3

10 314 1 12 092 9

10 002 12 17 118 1

8 211 1 14 306 8

15 180 1 8 275 16

14 295 1 10 165 12

DATA SUMMARY : Mean scans to detec t : 5.30
Standard Deviation: 5.80
Probability of detection : 0.93
SNR: 20.5 dB INR: 53.0 dB

NOTE: * Detection on 21st scan assumed , ** Within 20 scans.

F i g u r e  2-15 .  Sample P P ! -R u n  Data  Sheet .
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Table 2-7. PPI Degradation Measurements Summary.
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close-in ranees . One [‘P1 run was obtained with target ranges set to
g r e a t e r  t h a n  o n e - t h i r d  t h e  m a x i m u m  [‘PT range (Riiiax ). The second P P I
run was made h ith target ranges re tricted to less than or equal to
one-third tim es Rinax . Three runs were made for each range region to

obtain high , mid , and low mean scans to detection.

The results in the [‘[‘I data summary are plotted in Figures

— 
2-16 through 2-18 to show how degradation is influenced by the type

of interferen ce in each receiver mode . The WP /NB PPI data are shown

in Figure 2-16 for the saturation (-35 dBm) and mid (-80 dRin ) inter-

ference levels . The NP/h’B [‘P1 data for the saturation (-35 dBm ) level
are shown in Figure 2-17. Figure 2-18 shows the effects of the mid-

l e v e l  i n t e r f e r e n c e .

Photographs of the [‘P1 display were made to show the “raster ”

type lines generated by the tYpes and levels of the interferin g si gnals

that were used for measuring rn degradation. These [‘[‘I p h o t o g r a p hs
are shown in Figures 2-19 through 2-24 . Fi gure 2-19 illustrates the
displa y that produced the greatest degradation (16-us Pl~ at 29 87  pps).

The photograph shows that the inner-third of the display is almost

“filled up” by the interference signal. This was the reason for “doub-

ling-up ” on the PPI runs for this interfering si gnal. The sev e r i t y of

the interference shown in Figure 2-20 is reduced considerably when the

lô -ps pulse occurs at one-third of the 2987-pps rate. Some range de-

pendence still existed but was not measured for this interfering s i gnal.
The effect of reducing the interfering pulse w idth to 0.3 ps at 29~~ pps

and 2987 + 3 pp~ i s shown in F igures 2-21 and 2-22 , respectively.
Fi gure 2-24 shows the appearance of the interfering signal (one-us pulse

width at 500 pps) with the radar operated in the WP/NB mode . Both the

and the measured data show the degradation effects are low under the

conditions measured . The effects of multiple interfering signals (two)

on the [‘P1 display are illustrated in Figure 2-24. The simulated target ,

• though not visible in all cases , was located at 280 degrees bearing with

range equalling about 60% of the maximu m display range (30 miles in
wP/~ n , and 12 miles in NP/WB). Each target position is circled to aid

i n f i nd i ng th e loc at ion . The in tens i f ied sec tor is caused by the
over lap of consecutive PPI sweeps during the photograp h exposure t ime.
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Figure 2.17. PPI Degradation Summary, NP/W B, Saturating Interferen ce Level.
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Desired Signal

Pulse Width: 0.12

- - PRF: 2250 pp~/ 
Level :~iii~

-i-ii dBm

• - --. Bearing: 280 Degrees

• - 
-- ~~

-
~~

- - Range : ~~ _J? Miles
- PPI RMAX : 20 Miles

- ‘~~~~ — - . . 
: ‘ Interfering Signal

1. Pulse Width: 16 p~
- PRF: _~~_2f9~ pps

Level: -35 dBm
2. Pulse Width N/A ps

- PRF: N/A pps

Level: N/A dBm

(A)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Desired Signal
• Pulse Width :_°~~

2 _ p s

PRF: . 2250
. . Leve l : _ dBm

• 
- 

. 
- 

- Bearing: 280 - - Degrees
Range: 12 

- Miles
PPI R MAX : 20 Miles

.. Interfering Si gnals
- - ~~~~~~~ 1. Pulse Width: 16

PRF: 2987 

Level: -85 
- -  

dBm

2. Pulse Width N/A

PRF: N/A ~~
Level N/A dBm

(B)

Figure 2.19. PPI Photographs , NP/WB.
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Desired Signal

Pulse Width: 0.12

- PRF: 2250 pps
-
. 

-
- 

- 
. 

- 
Level: 

_____ 
-83 dBm

- 

Bearing: 280 
____ 

Degrees
Range: 12 

—~~~~~~ Miles
PP I R MAX : 20 Miles

— 
~~~-~~1 -

- ‘- Interfering Signal
- - I 

1.Pulse Width: 16 ~s
PRF: 2987 3 pps

Level: -35 dBm
2. Pulse Width N/A ps

PRF: N/A pps
Level: N/A dBm

(A)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Desired Signa l

Pulse Wid t h: . ° 1 2  _ ps
PRF: 2250 pp~

-
• -

. 
-

. - 
Level:  _ dBm

~~~~~~~ 

- 

-- Bearing: 280  
- Degrees

-

. - Range:  12 Miles

- - - ‘ - . 
- PPI R MAX: 20 Miles

.#
~,

~‘ A~ Interfering Signals

1.Pu lse Width: 16

PRF: 298? 3 pps

Leve l : _ -85 dBm

• 2. Pulse W idth N/A ps

PRF: -____ 
N/A pp~

Level

(B)

Figure 2.20. PPI Photograph s , NP/WB.
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~~~~
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— 
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-

-i~~I~ .$~~- Level: - 
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- - _ Deg rees
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- -  
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- Miles

- Interfering Si gnals
• ‘c _______ 1. Pulse Width: 0 3  

-

PRF: - 
2987 

- pp~
5 

Level: - 
-80 

-- 
dBm

• 2. Pulse Width ~~~~~/‘~~ p5

• PRF: N/A 
~~~

Level _______ ~~L~~~dBm

(B)

Figu re 2-21.  PPI Photographs , NP/WB.
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Desired Signal

Pulse Width: 0.12

• PRF: 2250 pp~
-
• 

I. Level: .88 
— dBm

L ‘~‘
‘ ‘-  — 

- 
Bearing: 280 _ Degrees

- 
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— 
12 

_______ 
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— 

“~ 
‘ 

- 
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- 1. Pulse Width: 
— 
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PRF: 2987~~3 pps

Level: 35 dBm

2. Pulse Width N/A p~
PRF: N/A pp~
Level: 

— 
N/A dBm

(A)

Desired Signal
Pulse W idt h :~~

0
~~

2 
- - PS

PRF: _ 2250

~~ ~~~~~~~~~~~~~~~ 

‘

~~~ ~::~;~-— - 

t ees

• - 
— Range: - - 
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- 
:~~ PPI R MAX : 20 - Miles

_____ .— 
0.3

• 
PRF: 2987 3

Level: -80 
- dBm

2. Pulse Width N/A 
~s

PRF: N/A 
~~

Level N/A dBm
5 (B)

Figure 2-22. PPI Photographs . NP/WB.
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-
~~~~~~~~~~~ - t
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- 
•— 
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-

. 
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_________ 
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Figure 2.23. PPI Photographs , WP/NB.
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Figure 2.24. PPI Photographs , NP/WB.
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