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COMPART S)N OF THE PERI’0RN~\Nc!. UI” TIlE MOVING ‘I’AR ( ET DETECTOR AND THE RADAR
VID O D I G I T I Z E R

I . I NTRO DUCT ION

Use of primary radar data in  the FAA automated air traffic control system

has been impeded by the inabi l it y of existing signal processor” to reliably

detect aircraft in regions of strong ground and precipitation clutter , partic—

ular Iv when aircraft are moving tangentially to the radar. During the

past three years , under FAA sponsorship, M.I.T. Lincoln Laboratory has developed

new techniques which significantly enhance automated aircraft detection in all

forms of clutter. These techniques are embodied in a processor called the

Moving Target Detector (MTD) which has been evaluated at the FAA National

Aviation Facilities Experimental Center (NAFEC), At lantic City, N.J. This pro-

cessor employs coherent linear doppler filtering , adaptive thresholds and a

fine grained clutter map to reject all forms of clutter simultaneously. A

complete description of the MTD and the experimental apparatus used in the

evaluation tests is given in Reference 1.

Also under FAA sponsorship, the Burroughs Corporation and Univac have

continued development of the Radar Video Digitizer (RVD) series of noncoherent

digital processors. The most recent version of this approach is the RVD—4 .

The MTD and RVD—4 processors have been integrated into the ARTS—Ill system at

NAFEC and their performance compared during a set of test flights carried out

during the summer of 1975.

The purpose of these comparison tests was to confirm the relative perform-

ance of the MTD and the RVD—4 radar processor in automated radar control systems .

Measurements included :

(1) False alarm and detection statistics using calibrated , coherent

signal generators.

(2) NIl improvement factor and radar sensitivity in the presence of ground

and weather clutter.

(3) Blip—scan ratios and position reporting accuracies in flight tests

using controlled aircraft flying in various clutter environments.

This report presents a detail ed comparison of the performance of both radar

processors.

1 
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I I . SU >IM ARY

A. lest Faciliti es and Instrumentation

The NT!) and the RVD—4 were integrated into an ARTS—l u system at NAFEC and

simultaneously tested during the summer of 1975 under a variety of clutter

conditions . The MID was operated with an FPS—l8 , a coherent S—band radar with

parameters n e a r l y  the same as those of the ASR—8 , while the RV D —4 was operated

with an ASR—7 transmitter. Tile sensitivity of the ASR—7 and FPS—l8 were

adjusted so tha t both systems had equa l signal—to—noise ratio per scan in

receiver noise . l)uring these tests the FPS—18 and ASR—7 were operated using

the same an tenna , in this case an ASR—4 antenna . A block diagram of the test

~t ’tup is p r e s en t e d  in Figure Il—i . Tests included measurement of MTD/RVD—4

detect ion p er f o r m a n c e  on controlled aircraft flying in the clear , in heavy

precipitation (rain lev~-1 up to 40 dB above noise level) and over ground clutter

near At lantic City , New Jersey. Subclutter visibility measurements were also

made using a coherent test target generator . Data consisting of radar reports ,

beacon re~~ rts , radar! beacon correlated reports and track reports for the MID

and RVD— proc es so r  were recorded  on maget  ic tape as shown in Fi Uure Il—i for

s u b s e q u e n t  a n a l y s i s  us ing  i n t e r a c t i v e  display techniques developed at Lincoln

L a b o r a t ory  (sec R e f e r e n c e  I)

B. P e r f o r m a n c e  in the  Clear

The p r o b a b i l i t y  of de tec t ion  vs IF signal—to—noise level of the sensor/pro-

cessor systems employ ing the M ED and RVD—4 was measured (using a coherent test

target generator) and found to be equal. In addition , controlled aircraft were

flown in clear regions and the simultaneous blip—scan ratios measured . The • ete’-

t i en  p e r f o r m a n c e  of the  two sensor /processors  was the  same to within statistical

u n c e r t a i n t i e s , v e r i f y ing tha t  the two systems had been properly equalized. Also ,

both systems were shown to have adequate  fa lse  a la rm p e r f o r m a n c e  in clear reg ions .

Careful measurement of the range and azimuth accuracy of both systems using 100

aircraft tracks , (of range varying between 5 nmi and 35 nmi , and of a l t i t u d e  . I
varying between 300 and 25000 f eet , )  demonst ra ted  tha t  the MTD radar  r e p o r t  data

was accurate in azimuth to 0.14 degrees , while the RVD—4 report data was accurate

P 2

p
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to 0.22 degrees. The MTD and RVD— 4 had range accuracies of .022 nmi and .030 nmi

respectively. It should be noted that the MTD radar report accuracies were

essentially the same as those of the ATCRBS beacon reports. Careful evaluation

of the automatic tracking results si ‘~wed that one rea son for super ior MTD
tracker performance is the accuracy of the reports that it supplies to the

tracker. Typical performance of the MID and RVD—4 in clear regions is shown

in Figure 11—2 .

C. Performance in Ground Clut ter

On 12 August 1975 a single—engine Piper Cherokee a i r c r a f t  was flown back

and f o r t h  over a patch of ground c lu t t e r  at an a l t i t ude  of 1000 f t  near NAFEC.

The ground c lu t t e r  consisted of d i s t r ibu ted  c lu t te r  and many large d i sc re te

scatterers ( large  buildings) . Data f rom the two—hour (1200 scan) f l i g h t  was

examined in de ta i l .  The blip—scan ratio of the MTD radar reports was 0.99,

and that  of the RVD— 4 0.82.  Usually the RVD—4 detectabi l i ty  dropped s ignif i -

cant ly  as the a i r c r a f t  entered the area of heavy clut ter , while the

MTD ’s de tec tab i l i ty  remained near uni ty  throughout the test *. A long—exposure

4 photograph of 40 scans of ARTS—Il l  t rack data is presented in Figure 11—3.

The dots represent heavy ground clutter , while the O,*,B,? ’ s are ARTS—Ill
t racker output  symbols. During this block of data , a radar—only target  of

oppor tuni ty  crossed back and f o r t h  over the controlled a i r c r a f t .  Note that

the MID processed track data is accurate and solid for  both tracks , while the

RVD—4 t rack  data is fu l l  of large gaps and inaccurate .  The subclu t te r  v i s ib i l i t y

of the processor was measured using a coherent test  t rack generator  and a

fixed clutter return. The subclutter visibility of the ASR—7/ RVD—4 system was

22 dB , and that  of the FPS—l8 / MTD system 42 dB.

D. Performance in Rain

On 6 August 1975 a small , single—engine a i r c r a f t  was f lown in and out of

heavy p rec ip i ta t ion  fo r  about one hour (700 scans) .  The MTD radar repor t  data

indicated a bl ip—scan ra t io  of 0.98 , while the RVD—4 radar  repor t  data showed

a blip—scan ratio of 0.66. The RVD—4 detectability dropped to almost zero

*Some of the RVD—4 loss is due to the tangential aircraft trajectory when the
RVD—4 is in the MTI mode.
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when the a i r c r a f t  entered areas of heavy rain , while the MID ma in ta ined  a d e t e c t a —

bility of almost unity. Again , the MTD tracks were more accurate than the RVD—4

t racks . In Figure  11—4 , 40 scans of radar—only tracker output  data f rom the

MTD and RVD— 4 are presented along with the Normal Video of the radar to i l l u s t r a t e

the performance of both systems. The heavy rain clutter was about 40 dB above

the radar receiver noise level. Even in the presence of this heavy rain, the

MTD detected the controlled a i r c ra f t  almost every scan of the radar whi le

maintaining excellent false—alarm performance. (The false alarm rate of the

MID is less than 100 false alarms per scan, and the rate is independent of

environmental conditions. This rate results in a negligible false track rate

out of the ARTS—Ill tracker.) The MTD entirely eliminated the false—alarm—

in—weather problem common to sliding—window detectors such as the RVD—4 . The

MID circumvents the weather problem by coherent doppler filtering so as to

[1 achieve sub—weather v i s ib i l i ty  on a i r c ra f t , es t imat ing weather thresholds

by averaging over statist ically independent , uncorrelated samples.

It should be noted that  linear polarizat ion was used throughout these

4 tests.

E. Tangential Aircraft Detection Performance

The ability of the sensor/processor systems employing the MTD and RVD—4

to detect aircraft flying tangentially with respect to the radar was measured

implicitly in each of the test flights whenever the controlled aircraft turned

broadside to the radar . Few detections were lost by the MTD when the aircraft

were flying tangentially, but the RVD—4 dropped many tracks because the air—

craf t’s low radial velocity passed into the wide 3—pulse notch used by the
RVD—4 when it is in the MTI mode. Figure 11—5 illustrates how the fine grained

clutter map permitted detection of a.ircraft flying tangentially over the clutter.

F. Conclusions

While both processors exhibited adequate detection and false—alarm perform-

ance in the clear , the detection and false alarm performance of the MTD was far

- • superior to that of the RVD—4 in rain and ground clutter. MTD processed radar

reports were significantly more accurate than RVD—4 radar reports , and the MTD

I 

‘
~~ did not s u f f e r  f rom track dropouts while tracking tangentially fl ying aircraft ,

as did the RVD—4.

8
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A i r c r a f t

MTI Mode

4 
, 

-

T H I S  .c~ E A P ~~ ~,~- ‘E PH OTOGRAPH SHO’:~5 THE RELATIVE PERFORMANCE OF THE FPS—1 8/ MTD
ANL T Hi A S ’~—7 IN (HE MTI MODE. THE L,0 ~A D A R ~ ARE CO—LOCATED IN THE UPPER

[[F P’~~ T ION OF THE DISPLA Y. TH E OUTPUT OF THE T / 0  RADARS IS SL IGHTLY OFFSET ON
T~~E PPI TO FACIL I TATE  EXAMINATION OF TIlE T RAC~~~. THE MTD PROCESSOR CLEARLY DETECTS

A c . E F I T I A L L Y  FLYING AIRCRAFT MARKED 11 , WHI LE THE TRACK FROM THE ASR —7 IN ‘THE
C(/ I IA IN S LONG GAPS WHEN THE A IRCRAFT IS IN THE ZERO RADIAL VELOCITY

• MTI  C IRCUIT . SIN CE THE RVD OPE RATES ON THE MTI VIDEO DATA IT CAN-
- 

~‘I OPV BE t I E THAN THE DATA PR OVIDED TO IT BY RADAR .

Fi g. I r — 5  . M T I ) /RV D— !4 , pe r f o r in an c e  comp are d  for t a n g e n t  i i  I (z • ro r ad  i a
• velocity) air craft.
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III. DESCRIPTION OF THE MTD AND THE RVD-4
• *A. Moving Target Detector

The Moving Target Detector is a digital signal processor employing

linear, wide dynamic range, coherent doppler filtering and adaptive thresholding

techniques. See Figure Ill—i. In addition, it contains a fine grained ground

clutter map in which ground clutter thresholds are stored and continuously

updated . Each of the ASR ’s 360,000 range—azimuth cells is processed into 8
near optimum doppler filters and each of the approximately 2,900,000 range—

azimuth — doppler cells is adaptively thresholded every scan of the radar .

The FPS—l8/ MTD system uses multiple PRF ’s for elimination of blind speeds , and
when used with mean level thresholding provides CFAR operation in heavy weather.

When used with a coherent t ransmit ter, the multiple PRF scheme provides rejection

of second—time—around—clutter. The doppler filters used are close approximations

to the so—called optimum processor . These filters are generated by sequentially

processing groups of 10 pulses through a three pulse MTI canceller, an 8 point

FFT, and frequency domain weighting to reduce doppler sidelobes. This combination

gives MTI improvement factors which are about 100—fold better than conventional

non-linear MTI processors and which is within about 2 dB of the optimum possible.

The MTD processor is implemented as a hard—wired , pipeline , digital pro-

cessor (see Figure 111—2) with capability to process the ful l  360 degree

coverage of an ASR out to 48 nmi. The MTD was constructed from standard TTL

• integrated circuits except for the input data core memory , the memory used to

b u f f e r  the ground clutter map data from the processor to the disc memory , and
the disc memory.

In addit ion to the input core memory and the clutter map disc memory , the

MTD consists of approximately 900 TTL integrated circuits. The MTD includes

all of the digital timing for the radar and genera tes 31 MHz , 0.8 ~isec pulses
which are up—converted to S—band (in the t ransmi t te r )  to become the transmitted

pulses.

I 
_________

*The MTD is descr ibed in detail in References 1 through 6.
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B. Radar Video Digitizer (RVD—4)

The RVD—4 is a good example of a modern adaptive non—coherent sliding—

window detector system. Both log—normal and MTI video si gnals are generated

in the radar.  The RVD—4 adaptively chooses log—normal or MTI video si gnals

for coverage sectors measuring about 2 nmi by 2 .8  degrees . The choice is made

depending upon whether or not ground clutter , weather clutter or receiver noise

are sensed in each sector.

Sliding window detect ion is a double thresholding detection technique .

The f i r s t threshold , a rank order quan tizer , converts the video signals into

zeros or ones. The second threshold , a sliding window detector , declares the

presence or absence of an aircraft. This is a form of non—coherent integration .

Previous sliding window detection schemes have used fixed values for the leading

and t r a i l ing  edge values of the sliding window detector. Recently , however , it

has become apparent that the false—alarm—in—rain problem may be alleviated by

making the leading edge threshold value of the sl iding window de tec tor  dependent

a on whether the clutter is correlated or not (Ref .  8 ) .  The RVD—4 d i f f e r s  from

i ts  predecessor (the RVD—3) in that it measures the degre e of corr ela tion of the

clutter signals over the 2 nmi by 2.8 degree sector and uses this informat ion

to adaptively set the sliding window threshold for constant false alarm rate

operation . When used with the RVD—4, the ASR employs a staggered PRF to elimi—

nate blind speeds. A complete description of the RVD—4 is given in Reference 7.

V

I
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IV.  E X P E R I M E N t A L  SETUP AT NAFEC

Tile MTD wa~ i n t eg ra t ed  into an existing experimental facility, the Terminal

Fac i l i t y  f or  Automated  Survei l lance Test ing (TFAST) , at NAFEC . This f a c i l i t y

is used by the FAA for  test ing var ious  aspects of the augmented ARTS—Ill system

and o t her  radar developments .  The f a c i l i t y  was reconf igured  so tha t  the MID

could be operated either alone or simultaneously with the RVD—4 . When operated

alone the  MTD could process i—f signals from the ASR—5 , ASR—7 , or FPS— 18

located at the site . When the MID and the RVD—4 were operated simultaneously,

i t  was necessary for  the MTD to opera te  wi th  the FPS—l 8 , and the RVD—4 to pro-

cess video from the ASR—5 or ASR—7 . However , the radar antenna is only available

to the ASR—5 when the FPS— i 8 /ASR—7 complex is connected to the dummy load and

vice versa . The normal mode of opera t ion  fo r  t h e  MTD is in conj unction wi th  the

modif ied  FPS—1 8. Further details of the experimental setup are given in

Reference  1.

In order to analyze MID and RVD—4 test data , output track position data as

well as other data was output  to magnetic tape fo r  la ter  analysis. MTD, RVD—4 ,

and beacon threshold crossings , including timing and scan number information

were recorded and th is  bulk data W~I 5  then processed through the ARTS—Ill tracker.

It  should be noted tha t  the MID and RVD — 4 data were processed by the same radar—

beacon correlator and the same ARTS—Il l  tracker.

Track data was recorded and used to determine the performance of the radar ,

MTD , RVD—4 , and ARTS—I l l  tracker processed data.  Radar , beacon and t rack informat ion

was extracted for subsequent data reduction and analysis .

14
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V. DETAILS OF SPECIFIC TESTS

A. Detection Performance in Thermal Noise

The probabi l i ty  of detect ion vs s igna l—to—noise  r a t io  for  the FPS—l8/MTD

and the ASR—7/RVD—4 systems was measured in the presence of thermal noise .

The targets  used for  the measurement were generated by a coherent test  t a rge t

generator simulating 96 antenna scan modulated t a rge t s  per scan . T h i r t y — t w o

targets  are in each of three concentric r ings.  The targets are moved in range

and azimuth to average e f f e c t s  of range and azimuth s t radd l ing .  The FPS—

l8/MTD and ASR—7/RVD—4 systems were adjusted so that the average power divided

by the receiver no ise f igure was the same for  both systems . Under these

conditions the probabi l i ty  of detection of a test  target  per scan was measured
4 as a funct ion of the signal to noise rat io . This was done at a p robab i l i ty  of

false alarm of lO~~ for each system. A comp lete desc r ip t ion  of the measurement

techniques used is given in Reference 1. Figure V—l depic ts  the resul ts  of

these measurements. It is evident that both systems have es sen t i a l l y  the same

detect ion capabi l i ty  in thermal noise.

B. Comparative Test Flights — General

1. Obj ec t ives

The basic objective of the M TD/RVD—4 tes ts  was to determine which

processor would perform better as an element in a primary radar sensor f or
automated terminal radar air t r a f f i c  control .  Accordingly ,  the objec t ive  of

the f l i gh t  tests was to measure the relative ef fec t iveness  of the MTD and RVD—

4 in such a sensor. It was decided that the most effective way to do this

would be to make a direct  ~,cunparison between the MID operated wi th  a modi f ied
**FP S—l8 and a radar digitizer system , the RVD—4 operated with an ASR—7 radar .

*A f t e r  these measurements were made it was discovered that  the IF f i l t e r  used
at NAFEC in the FPS—l8 has been desi gned with a bandwidth of 2 . 6  MHz at the
1 dB points  rather  than the 3 dB points as had been assumed . This discrepancy
caused the actual noise bandwidth of the FPS—l8/MTD system to be about 1.5 dB
greater than was anticipated.

**The FPS—l8 was used because a coherent t r ansmi t t e r  was desired and ASR—8 ’ s were
not  available at the time of the MTD test and evaluat ion .

t
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The absolute detection sensitivity in receiver noise obtainable from a

given radar transmitter—receiver was not an issue in these flight tests. The

primary basis for comparison between the two processors was their relative per-

formance in detecting and reporting the position of aircraft whose echoes are

competing with clutter returns from any source (ground, weather , birds , etc).

Also, since several recent mid—air collisions have involved at least one

small aircraft not equipped with an ATCRBS transponder , another objective was the

eva1~ation of the processor ’s effectiveness in improving detection of small

aircraft. Such general aviation aircraft fly at relatively low airspeeds.

2. Normalization

Ideally, the flight testing should have been done with the MTD and

the RVD— 4 processors receiving information from the same radar . This

approach was considered initially but rejected because the radar pulse repeti—

-) 
tion rates required by the processors are different. Major redesign of at

least one of the processors would have been required to make single radar tests

4 practical. The approach chosen was to operate the two radar—processors through

a common antenna (by means of a diplexer), so that they could be operated

simultaneously while the test aircraft was flying.

The results of the simultaneous flight tests made in this manner would

have been easier to interpret if the two radars were identical. However, since

the radars were not identical, their performance was normalized : the quotient

of average power divided by system noise figure for each of the radars was

adjusted to be the same .

The difference in carrier frequency of the two radars necessitated by the

dip lexer remains as a potential source of error in the comparison of the two
systems . Rad ar frequency can a f fec t  target cross section , antenna performance
and radar propagation .

ii
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On a sin g le sca n , t a rget  s c i n t i l l a t i o n  can cause l a rge  d i f i  e r e s i & - es  in t h e  *

amplitude of radar  r e t u r n s  at  sl i g h t l y  d i f f e r e n t  f r e q u e n c i e s .  H owever , when

averaged ovt r many scans , differences in aircraft cross section due to small

differences in radar frequency are usually negligible.

As a function of frequency, the behavior of ASR radar antennas are a c m -

promise between constant aperture and constant gain. Antennas which are designed

for best aperture efficiency tend toward constant aperture , hence gain increases

as frequency is increased. On the other hand , antennas which are desinIlL- d

for outstanding sidelobe performance tend toward constant gain , hence i n c r e a s i n g

frequency causes decreased effective aperture.

Two propagation mechanisms seem important in these flight tests. At

shorter ranges and higher altitudes a free space model is appropriate . At

lower altitudes or longer ranges the radar propagation is better described

by including the interference zone pattern propagation factor in the radar

• equation .

4 The MTD was opera ted in conj unct ion wi th  the FPS—18 radar a~ a radar

frequency of 2710 MHz . The RVD—4 processed viieo from an ASR— 7 which

operated 85 MHz higher in frequency. It can be shown that differenc es in

received signal energy caused by that difference will be limited to less than

1 dB over all combinations of antenna performance and prop agi ting nechanisms

considered here.

3. A i r c r a f t

The p r i m a r y  t a r g e t  in all of the  f l i ght  t e s t s  was • c P ip s r ( . I c e r o ke c ,

a ~—p la ce , low—wing  a i r p l a n e  o r i g i n al l y  in t roduced  as • t  t r a i n i n g  p l a n e .  I t

has a 150—horsepower engine and fixed landing gear. ‘)ve r the  ‘ c a r s , v a r i a t i o ns

of t he  basic design with higher horsepowe r and retractab le landing ~~ar have

been developed and marketed. In size , speed , and gross weight c herokec s arc

typical , small , general aviation aircraft. I )eti iled radar cross section

I - ’
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measurements  have been made on a 150—horsepower Cherokee (Reference 9). ti le
*

specific aircraft used in the MTD flight tests were as follows

N—3553 — a Cherokee Arro~ with 200 horsepower and retractable

landing gear ,

N—56639 — a Cherokee Arrow similar to the one above ,

N—4i403 — a Cherokee Warrior (a later model) with 150 horse-

power , f ixed landing gear and a somewhat longer wing than  ea r l i e r

Cherokees. 
-

C. Detection and False Alarm Performance in Rain

On 6 August 1975, the aircraft detection performance of the MID and the

RVD—4 were measured in a rain environment.  A Piper Cherokee Arrow a i r c r a f t

was used for th is  t e s t .  The durat ion of the test  was about two hours (1600

scans) .  The beacon equipped aircraft was vectored through heavy rain clouds

during the test while the in tensi ty  of the ra in was measured on an A—scope .

I t s  i n t ens i ty  varied from 0 to 40 dB above the receiver noise level.  The

normal fideo of the radar is presented in Fig.  V—2 to show the location of

the storm . Data from the test was collected on magnet ic  tape for l a te r

analysis. Thirty scan blip—scan ratios of the radar reports after the corre—

l a tor/ in te rpola tor  for both the MTD and RVD—4 processed data  were measured

using the interact ive displays .  Fig.  V—3 plots the resu l t s .  (The gaps in the

data were due to the time required to rewind and change tapes). The sharp dips

in the de tec tab i l i ty  of the a i r c r a f t  during the f i r s t  hour were caused by

inadvertently vectoring the aircraft out of the radars elevation coverage.

The location of the a i r c r a f t  during these periods was at a range of greater

than 20 miles and an al t i tude of loss than 1500 f t .  During sig n i f i c a n t

por t ions  of the last hour of the est , the test a i r c ra f t  f lew through ra in

clouds whose backsca t t e r  i n t e n s i t y  was 30 to 40 dB above receiver noise.

As in Fig .  V—3 , the de tec t ion  performance of the MTD in these heavy r a i n  c louds

*- •
~ The aircraft used in the f l i g h t  tes ts  are not the same model as the one

measured in the RATSCAT tests (Reference 9). However , they are all similar
and t h e r e  is no reason to suspect  tha t  the radar  cross s ec t i on  of these a i r —
planes  is s i g n i f i c a n t l y l a rge r  than  that reported in that reference. there
is, conversely, reason to suspect that the Arrows with l anding ge a r  retract ed
present somewhat smaller radar cross section for at l e a s t  some aspect ang le s .

19
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s-ac e x c e l  l e n t  • w i t  i i  e t h e  det ect  ion p e r  lormanec o l  tile RVD—4 was p oo r .  lice

d i ps in  det cc  tab i 1 it . - of the R VD —4 - c c r r c  l a t e  we l l  with time s when t h e

I c~~- t  a i rcr .c ft t n t  ered areas o I heavy r a i n .  For t h u  tort ion of the  t est  fli ght

when  t i e  aircraft was within t i l e  radars  e l e v a t i o n  beam t h e  MT1) reports had an

,ivc r , l c c  measured bi h p—scan ratio of  0.98 while the RVD—4 processed data had an

Iverllge measured hi ip—s ean r a t i o  of 0 .66 .  Tile RVD—4 missed detect ions were

h i g h l y  c o r r e l a t e d  and caused  the  ARTS—I l l  t r a c k e r  to drop t r a c k  o f t e n  f o r  many

- - c l i i - .

In F i gu r e s  V—G t h r o u g h  V — 1 5 , the radar  r e p o r t s  and A R T S — I l l  r ada r—p lus—

ce Ilcotl tricker o u t p u t  is p r e sen t ed  f o r  both  the  >111 ) and RVD—4 processed data

(scans  1370 to 2 0 2 0 ) .  These scans correspond to p er iods  when the test  a i r c r a f t

was f l y  i n c ~ t h r o u g h  heavy r a in  clouds (30—40 dB c l u t t e r  to noise r a t i o ) .  Note

t h a t  du r i n g  t he se  pe r iods  the MTh had a b l i p—sca n r a t i o  close to u n i t y  whereas

t h e  h\ i)—4 p r o cesse d  da ta  had a b l i p—scan r a t i o  of less than  0.50. To o b t a i n

the tracking performance of the >11 1) da ta  w i t h o u t  beacon ass is tance , t he recorded

4 da ta  was p l a y e d  back t h r o u g h the ARTS—ITT tracker with the beacon data inhibited .

Tue MTI) and R\ D—G radar—only t racker  ou tpu t  is presented  in Fi gs. V—16 t h r o u g h

V — 3 9  J J ~ MTJ) and R VD — 4 dat a  fo r  a 40 scan segment of da ta  in the north west

portion of the radar ’s coverage is disp layed  in F i g .  V — 2 0  to i n d i ca t e  the

r e l a t i v e  f a l s e  alarm performance of the MTD m d  RV I )—4 radar  r e p o r t  and t r a ck

d a t a .  t h e r e  a r e  many fa l se  a larms and f a l se  t r acks  in the case of the R V D— 4 ,

whereas in the  case of the ~lT1) processed data  the  f a l s e  a larm s are con t ro l l ed

and v i r t u a l l y  no false tracks occur. In a d d i t i o n , the >1 [I) m a i n t a i n s  excellent

d e t e c t i o n  p e r f o r m a n c e  on all a i r c r a f t .  - - F ig u r e  \ — 2 l  shiews the  a u t o m a t e d  t r a c k e r

o u t p u t  fo r  the  ~1Tli and RVD—4 da ta  in Fig .  V—2 0 r eprocessed  t h r o u g h  the  ARTS—

I l l  t racker  w i t h  the beacon data inhibited. Again the  ~1 H )  t r a c k s  approach

u n i t . - b l i p  scan r a t i o  w i t h  zero fa lse  t r a c k s .  F i n a l ly  in  F i g .  \ — 2 2  long

exposu re  pho tog raphs  dep i c t  the  MTD and RV I)—4 A R T S — I l  I r a d a r — o n l y  tracker

o u t p u t  taken  d u r i n g  the de t ec t ion  in p r e c i p a t i o n  test  of 6 August  l~4 7 5. F i l e

norma l v i d e o  of the  r ad ar  is presented  along w i t h  t he  A k i g — l I l  o u t p u t  in o rde r

to show the location of the heavy r a in .
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D. Subc lu t te r  Vis ib i l i ty  Measurements w i th  a Test Target Generator

1. General

The NAFEC site is a rather unfor tuna te  one for  demonstra t ing sub—

clutter capability because there are only a few small areas for which ground

clutter returns are observed . There are, however , areas of point returns

which are relatively strong . These echos are from tall bui ldings in

At lant ic  C i t y ,  Ventnor City and Margate , N . J .  Echoes as strong as 70 dB above
*the system noise be fo re  STC are observed at ranges of 7 or 8 nmi . The area

of th i s  patch of ground c lut ter  is about 1 nmi x 6 nmi . Figure V—23 presents

a d ig i ta l  map of the ground clut ter  at NAFEC wi th  the patch used for  these

* tests indicated .

2. Expected MTD Subclutter  Visibili tj

The MTD is a linear system. Hence , the sensitivity to moving targets

should be independent of the presence or absence of ground c lu t ter  so long as

the ground c lu t ter  echo amp litude remains wi th in  the linear dynamic range of the

4 
system . The linear dynamic range of the MTD system at NAFEC was approximately

‘ 44.6  dB as measured at the analog—to—digital  converters . Results presented in

Reference 1 show that  the MTD exhibited a probabi l i ty  of detection of 0.5 when

the s ignal—to—noise  ratio in the i—f channel is between 2 .0  and 3.4 dB. Thus ,
**the MTD is expected to provide a subclut ter  v is ib i l i ty  of approximately 42 dB .

3. ~~ pected ASR — 7/ RVD — 4 Subc lut ter  Visibi l i ty

The ASR—7/RVD—4 system employs limiting at i—f to control the ampli—
I

tude of c lu t t e r  sent to the 3—pulse MTI canceller. This l imit ing at i—f
I’ degrades the MTI performance of the radar b y spreading the clutter spectrum .

The expected subclutter visibility of this type of radar has been calculated

to be about  23 dB (see References  1 and 10) .

*These echoes were a t t e n u a t e d  to about 30 dB above sys tem noise when the SIC
was appl ied .

**S u b clu t t e r  v i s i b i l i t y  is d e f i n e d  as the r a t i o  of clutter signal to target
signal when the target signal is exactly superimposed on the clutter signal
and producing a probability of detection of 0.5.
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[he i - i u b e l u t t e r  visibilit y m e a s u r e m e nt s  ( S i - C  F i g.  V — 2 4 )  w er e  made with

t h e  r a d a r  c o n n e c t e d  t o  t h e  a n t e nn a , t h e  t r a n s m i t t e r  on and the a n t e n n a  s c a n n i n g

n o r L i • i  l i v .  B a s i c a l ly ,  t he  ns thod was t o :

( a )  d e t e r m i n e  i Ta - r ange  and  a z i m u t h  of a l a rge , iso l a t ed , f i x e d

ee l ioi ,

(b )  a d j u s t  the  STC (or  o t h e r  f r o n t — e n d  a t t e n ua t o r )  u n t i l  the

e c h o was ve ry  nea r l y  l i m i t e d  b y the  A I D  conve r t e r s ,

(c)  su p e r i m p o s e  the  t e s t  t a r g e t  g e n e r a t o r  s igna l  on the  c l u t t e r

s igna l ,

(d )  reduce the a m p l i t u d e  of the  t e s t  t a rge t  s igna l  u n t i l  the

bl i p—scan  r a t i o  observed on the PPI d i sp lay  was 0 .5 ; oh—

serve the co r re spond ing  r ead ing  on the prec is ion  wave-

gu ide  a t t e n u a t o r .

(e) increase the amp litude of the Lest signal by adjusting the

precision attenuator until amplitude of the test signal

and the clutter signal were equal as observed on an expanded

A—scope display of the  i — f  output.

The measured subclutter visibility is the difference in dB between the

attN/s u itor readings taken in steps (d) and (e) above.

Precise measurement of subclutter capability using real radar returns is

d~~tf i cu l t because the amplitude and phase of even the most stable clutter echoes

flu ctua Lu slowly. These fluctuations , as observed on a bipolar video channel ,

ar estimated to cause variations in I or Q signals as great as 2 dB during

li e  t ine required to make a subclutter measurement.

There are other potent ial sources of error , particularly inaccurate posi-

t i o n i n g  a t  the t est  t a rge t  over t1ie clutter. During the NAFEC tests the

p r o ce d u r e  used was to o f f s e t  the  t e s t  t a r ge t  in range by a few p u l s e w i d t h s  in

a r I~-r  to m a t c h  the a z i m u t h  of the t e s t  t a r g e t  and tha t  of the c l u t t e r .  Once
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s — s t e - r n  an d  the A S R— 7 IRV I )— 4  sy s t e m .  R e s u l t s  — i n  ; i g r e e r c ’ n t  w i t h  t I n  - - r v  — at ’ -

p r e s e l i t N -d g r a p h i c ’ i l  ly  hi ) Fig. V — 2 5 ,  ‘Ihe I I P S _ I F / M ’ h h )  has a su b e lu t i e r  v i s i b i l i t y

~i b o u L  20 dli g r e a t e r  t h a n  t h a t  of  the -  A S R — 7 / C V D — 4 . in  a d d i t i o n , t h e  N I ! )  l i / I s

eve!) b e t te r  s ub e l u t t e r  v i s i b i l i t y  l e ar  z e r o  dop p l er  and t h e  h i  l i i i !  a p c ’ - ’ d b i - c i i i s e  o l  t u e

gr e~I te  r n u m b e r  01 p u I Si-S m l  - g r a t e d  coh e ren t ly .

E .  I ) , - t  c - c t  ion  of A i r c r a f t  in Gr o u n d  C l u t t i - r

‘l e s t  F l i g h t  — 12 A u g u s t  1975

\s m e - nt  ioned in t h e  p r e y  j a i l s  s e c t i o n , t i i e r N - is a l i m i t e d  a m o u n t  1

g round  c l u t t e r  i n  the N .-\ FE C a rea , the  m a i n  reg ion b e i n g  a 1 n m i  x C n m i  s t r i p

i i  ong t h e  N , - w  J e r s ey  coast  1_ inc ab o u t  8 m i l e s  SE of  the l EAF I’ site . () fl 12

A u g u s t  1975 , ii P i per  Cli ,- r ak s - e  was  f l ow n  over  th i  is reg ion  a g r o u n d  c J u t  t c r  f o r

two hours  to t e s t  t h e  d i - t  c - c t  i on p e r t  or m a n c e i  o I t h e-  N l i i  and t h e  Rt ’ l ) — 4 in  t i e

p r e s e nce  of  g r o u n d  c l u t t e r .  As w i t h  t h e  p r e c i p i t a t i o n  t e s t s , t h e  i n t e r ; i c t  h V e -

g r a p h i c - a  p r o g r a m s  w - r -  used t - ’  e x a m i n e  t h e  ih ; i t a  . T h i  r L v  scan  h l  j 1 -— s e a f l  r a t  ios

0 1’ t h e  M I T )  an d  h T V l ) — 4  r a d a r  r i - - r i  s 1 1 C c -  c r c - s e i l t ed in Fig . \— 214 .
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‘ 1114 M l i i  d e t e c t e d  t he  t e s t  i i i  i- c r a f t  on /111 b u t t  f i v e  o l  th e -  m on t h a n  1200

s c a ns  of  t h e  t i - s t  f i  h g u t  (a hi i ; — s -; in r a t  io of 0 .9 9 6 )  . I n  a d d i t i o n , t h i -r i -  - ‘ c r -

n e i th er  f a l se  t r acks  nor exi - c - s s i v e  f a l s e  a larms c aused by t he  ground c l u t t e r .

The average  bl iJ )  scan  r a t i o  of the R V D —4 da ta  was 0.82 . ‘I’ hi e  missed  d e t e c t  i ons

by the~ RV I)—4 were c o r r e l a t e d  s u f f  I c i en t l y f rom scan to scan to cause  t h e

A R T S — l I T  t r a cke r  to be e i t h e r  very i n a c c u r a t e  in p r e d i c t i n g  t r a c k  p o s i ti o n s  or

to drop the t rack  e n t i r e l y .

Figures  \ ‘—27 th rough \‘—38 p resent  40 scan segments  of the  ground clutt er

tes t  f l i g h t . These F igures  d i s p l a y , f o r  bo th  the MTD and R V I ) —4 p r o e i -~~sc-d

data , the radar r epor t  data  and the radar  p lu s  beacon A R T S — i l l  au toma ted  tracker

ou tpu t . In several  of the f i g u r e s  the  tes t  a i r c r a f t  was f l y i n g  t an g e n t  i a l ly

throug h the ground c l u t t e r .  The test  a i r c r a f t  is marked in the I i g ur e -s , and

WaS fly ing at an a l t i t u d e  of 1000 fee t  du r ing  the  t e s t .

The M T I ) da t a  was also processed t h r o u g h the A R T S — I l l  t r a c k e r  w i t h  the-

4 beacon da ta  i n h i b h t e d .  The t r a c k i n g  r e s u l t s  are e q u i v a l e n t  to t h i o s i -  obtained

when the beacon d a t a  was used.  F i g u r e s  V—39 t h r o u g h  V—42 p r e sen t  t h e  A R T S — I l l

tracker o u t p u t  fo r  t h e  M l i i  data in Figs.  V — 2 7  th r o u g h V—3 0 when the beacon data sas

i n h i b i t e d .  F i n a l ly , in F ig .  V—43 a compar i son  is shown of MTD and RVD—4 radar

o n ly  t r a c k i n g  whi le  the Ic -s t  a i r c ra f t  is f l y i n g  t a n g e n t i a l l y  through the ground

c l u t te r .  The normal video of the  radar  is also shown to d i s p l a y  the  l o c a t i o n

of the ground c l u t t e r .  Note the e x c e s s i v e- g round  c l u t t e r  in d u c e d  f a l s e - t r ac k s

for the RVD—4 at ranges less than 5 n m i .

2 .  Conclusions

The small test aircraft (nose—on cross section of about I m
2
) was f l own

ov- r the ground clutter near Atlantic City. The average-  d e t e c t i o n  p r o b a b i l i t  h i -s

of the  MTI) and RV I)—4 were 0.995 and 0.82 respectivel y. The RVI)—4 missed

de t e c t i o n s  were- hig hlY correlated from scan t o scan ca u s i n g  t h e t r ac k er t i c

drop t r ack  on m a ny  occas ions .
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Fig .V—30. MTD vs RVD—4 , radar  repor ts  in ground c l u t t e r .
(Scans 2100—2139 and 2230—2269 , 12 August 1975).
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I .  A c c u r a c y  ~~t u i i l  I r s

l i f t  a c c u t a c s  o l  t lie- r ada r  r e p o r t  cIa Ia i n p u t  to t h e  AR ’l ’ S — Ill t r a c k e r

st  cong I v  t n t  I , t i e f lcc -s t l ie pe r  I o r m a n c - e- o I t h e  t r a c k e r .  Mo re ac c u r a t e  r a d a r

repo r t s  w i  1, 1 a I l ow  the -  t r a c k e r ’ s p r i m a r y  a n d  se c o n d a ry  co r r e -  l o t  ion scare - li b i n s

t o  bc sma I I c r  and t h u s  re - d ic e -c f a l se  t r a c k  m i t  i~~t i o n s .  In  acId i t  i on , i n c r e - a s c - d

a c c u r a cy  w i l l  a I l ow  t h e  t r a c k e r to e l e t e - c t  a i r e - r a l  t t c u a n e - u I v e - r s  s oone r .  d i  t l i  t h i s

i n  mine ! , a c a r e f u l  s t u dy  of the range- and azimuth accllr a c5 ’ o f  I l i t - N i l )  and R\ I ) — -~
(s 1 Id  j u g  ~- -j n e I o w  d e t e c t o r )  r e - p o r t s  and tracks was tnad e .  One - h u n d r e d  a i r c r a f t

- S t a r g e t s  u I  o p p e t r t t i n i t V  were  s e l e c t e d  f r o m  t h r e e  clea r clay t e St s  f l o w n  i t  gAl l-:C on

2 , 2 1 A u g u s t  and 2 Se-pt e -n i h e- r 1975. These t r a e - ks w er e -  s e l e c t e d  as f o l l o w s :

. For 30 s u c ce s s i ve  scans of t h e  r ada r , a t  l eas t  27 M TD r a d a r

r e p o r t s  • 2 7  RVI ) —4 r a d a r  r e p o r t s  and 27 beacon r e p o r t s  were-

su c c e s s f u l l y  c o r r e l a t e d  and t r a c k e d .

A l l  t r a c k s  c ho se -n wer e - n e a r l y  s t r a i g h t  or gradua l t u r n s

( s m o o t h )

4
A va r i e ty  0)  t r a c k  i t r i e - n t a t  ions r e l a t i v e  to the  r ad ar  we-r e

ch osen .

- i
i 

l-o r c-ac it sc i c c  ted  t r a c k  • t h r e e  da ta  I Y I ~~~ were used

N T I ) and R V I ) — 4  r ada r  r~-p0 r t  d a t a  f t e r  in t r a s can  c o r r e l at  ion

and interpolation ,

. Beacon  r ep o r t  d i c t a ,

P r ed i c t ed  t r ac k p o s i t i o n  da ta  for  r a d a r / b e a c o n  c o r r e l a t e d  t r a c k s

F o r  e t c h  d a t a  t y p e  a leas t  squares  f i t  to a f i f t h  o rde r  p o l y n o m i a l  was app i  led

i n d ep e n d e n t  lv  to the  r a n g e  vs scan number  and a z i m u t h  vs scan number  d a t a .

A mea sur e -  of t h e  smoothness  or random e r r o r  in a set of d a t a  p o i n t s  I s

g i v e - n by t h e  r o o t — m e - a n — s q u a r e  d e v i a t  ion of the  measured  d a t a  p o i n t s  f r o m  a

c u r v e -  I i t t e d  t h r o u g h  t i t e t u t . This  d ev i a t  ion may he norma l ized by the - number  e c f

d a t u p o i n t s  a n d  t I t t -  n u m b er  o f  t e ras in t he  p o l y n o m i a l .  A c o m p u t e r  p r o gr a m  was

3 “ A d eu sc r i p t  ion  o )  t l i e -  c u r v e  f i t t i n g  tee-hn i q uic- s used in t h i s  a n a l y s i s  i s  p r i - —
s e-n te - d  i n  R e f e r c - n t -e I .
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written to perform the curve fitting and to -alculate the deviation. This soft-

ware- was interfaced to the interactive graphics program described in Reference 1.

This resulted in an interactive graphics program with which data could be

v isually scanned and , as appropriate , analyzed for range and/or azimuth accuracy.

Figures V--44 and V—45 present his tograms of the deviat ions  in range and

azimuth for the three types of sensor report data. The mean deviations are

also presented . The MTD, RVD—4 , and beacon report dat-i correspond to: beam

splitting in azimuth 10 to 1, 7 to 1, and 9 to 1 respectively, and in range ,

• (no in terpola t ion)  to a range accuracy of 1/3 range cell , 1/2 range cell and

1/3 range cell respectively . It should be noted that the MTD data is at least

as accurate in range and azimuth as the ATCRBS Beacon data. The accuracy

analysis was also done for the MTD/Beacon and RVD—4/Beacon tracker output

range and az imuth  d a t a .  The MID/Beacon data is near ly  twice as accura te  as

the RVD—4/beacon data in both range and azimuth. The results are presented in

Figs .  V—46 and V—47 .

G. Two Target Resolution

In order to compare the ab i l i ty  of the FPS— 18/MTD system and the ASR—7 /

RVD—4 system to detect and track aircraft which are in close temporal and

spatial proximity a special set of tests were perforrcied . On 2 September 1975,

two controlled aircraft , a Piper Cherokee Arrow and an Aero Commander , f l ew a
two—hour  mission near NAFEC . One aircraft flew at an altitude several hundred

f ee t  above the other. The Piper Cherokee ’s course was relatively straight while

the Aero Commander f lew a crisscross pa t t e rn  tha t  in te rcepted  the o the r  aircraft ’s

path both temporally and spacially (in range and azimuth). A schematic of

their trajectories is shown in Fig. V—48 . During the tests the angle w i t h

wh ich the two tracks crossed was varied from 0 to 9Q0• A graph of radar

b l i p — s c a n  r a t i o s  fo r  the two aircraft are presented in Figs . V—49 and V—SO

for hoth the MID and RVD—4 .
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- Fig.V—49. B l i p /scan  r a t i o  f o r  I c - s t  f l i g h t  of 2 Sep tember  1975.

(Aero Commander ) .
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The ave-rage  b l i p  scan rat Los fo r  th~ t e s t  are p~ c -~~ - n I - .-d in Table-  V — i  .

TABLE V— i

AVERA ( ;E SLIP SCAN RATIOS OF RA DA R R I - F U R L  S

MT I) < V I  ‘—4

Aero Commander 0 .96 5 0.80

Pi per Ci e-roke-e 0.95 0.81

Examp les of t h e d e t e c t ion  p e r f o r m a n c e  of t h e  N F L )  and RVD— 4 a t  t h e  r a d a r  N p er t

level  are p r u - s e- oted in Fig .  V—Si. N o t e  that the controlled a i r c r a f t  c ross  each

o t her  th ree  t imes.  In each case the  a i r c r a f t  are- u n re s o l v e d  f o r  a f~~w r a d a r

s c a n s .

Next , r a d a r — p lus—beacon r epor t  da ta  was processed  th roug h the A R T S — t i  I t i - at

and tile r esu l t s  we-r e  examined . F i g ur e s  V— 5 2 and V— 5 3 p r e s e n t s  l o r t y  s c a n s  o~
M i l l  and R V D — 4 au tomated  t r acker  o u t p u t  fo r  the r a d a r — p l u s — b e - a c on  and r a d a r — o n ]  y

d a t a  wh ich  corresponds  to Fi g .  V — S i .

The g rea te r  a c c u r a c y  of the -  ItTl) r e -po r t  d a t a  r e l a t i ve -  t o  t h e - F- D — 4  d a t a

causes  the  improved t racke-r  p e rf o r m an c e  in L i c e MTI) e l s e .  ‘th e r a d a r — o n )  y

t r a c k i n g  r e - sui t s  f o r  bo th  t i c  N I l )  and RVD—4 cr - poor  wh e -~ u - v c r  the - A R T S — I  11

t racker  has two t racks  whose t r a c k  ce i nd ,c s s  o v e r l a p  and t h u s  c~~u se- b o t h  I - e-p or t s

f rom b o t h  t r acks  to f a l l  j Ot o  ‘‘ b o t h t r i c k ’ ’  vj n dccws . l i c e  A R T S — I l )  t r a c k e r

t h e n  gives up and coas t s  eve- n whe n t he- c o r r e c t  c ’ co i c e - of r e p o r t s  w i th  t r a c k s

is obvious  - Th is t r a cke r  do f ic  i~-n cy  w i l l  he r e - m t - d i e d  when  u s i n g  t u e  MT D d a t a
s i O e ’ e- t h e  dat a is more c c - c c r , i t c - c ud s i n c e -  rod l a l  ve -loc i t \ -  and s t r e n g t h

i n f o r m a t i o n  w i l l  be used to resolve the  a m b i g u i t i e s  ( se-v  F i g .  V — 5 l )  - Fl i t -
t r a c k i n g  pe- r f o  r manc c - , wi  t i c  l,eacon d a t a  added , is improved  g r e - i t t  s b e c a u s e

the  beacon cod- s of e ; c c h i  b - i - o n  r e - p o r t  a r e -  us~-d by t h~ t r acke r  to c o r re l a t e

t he r e - p o r t  w i t h  I n  a I r e - a d v  e st  ib i  ishie -e l t r a c k .
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11. H i n g e - n t  i i i  A i r c r a i t  Pe t e- c t  i o n  Pe ’ r f o r n c i u u - e-

i -or  LIII a t t toni5t te ’cI  r ae l . i r  t ra t -k  i ic , .~ system to per form re - I i ;cb I ‘~‘ , m I ~, sc - d r a d a r

de t e c t i o n s  must he -o n t pl c- te -l v spa t  i c i l y  cnw-o rre -la te - d from Sc i l l — t O — O c i i I l  01 t h e -

r a d a r .  One w a y  t hu t  I c c ’r  r e - I  i i t e d  m i s s e d  r a d a r  d e t e c t  i o n s  c - an  o c c u r  i s  w h e n  a

c c i l l \ ’ e’ t I t  iona l ASk r a d a r  i s  op t - r a t e - el in t h e -  ~-1TI mod e- . l’ nde - r t he at c o n d i t i o n s  t h e -

goal of  t h e  ~-[I I c a n c e l  h e r  is to  r e - j e t - i  c o r r e l a t e d  r e - t u r n s  (g roe ind  I u t t e - r )  r uns

t i l e ’ r a d a r .  T h i s  of  c o u r s e -  c l O S e ’S poor dc - t c - c t i o n  o f  t a n g e - n t  t a l l y  m o v i n g  : i i r e :r a f t

s i n c e  the\ ’  a re -  e l c i r c e t e r  i zed  by l o w  or  ze ro rod l a l  y e-b c i t  v . ‘th e- ef f e - c t  o f  t h e

N i l  mode-  on t i n  e - l l t l a i  l y f l y i n g  a i r c r a f t  is  u - I c c c w n  i n  F i g .  V — 5 4 .  l i e - r e ’  o u t p u t  f r o m

t j u t - A S R — 7 i n  t h e  P t !  mode  is c -omp a r e-d w i t h  t h e -  t i n t  p i t  I r u m  t h e  ~- l Tl ) . T h e  R V h — -~
i t  I t  S j - t  S t O  31 l~ -c ; i i t t -  t h i s  p r o b l e m  by c h o o s i n g  I l ie -  n o r m a l v i d e o  or  N f l  \‘ i d e - u

cha i in e  1 f r  p r o - c - ~u i up d e p e n d  u p  oil W h ie t he r  or  no t  c i  Ut  t c r  is p r e s e n t .  L’n f o r t  u n t  e l y ,

t h e  S l / e  o f  t h e  s r u i l i e -s t c r c - c  w h i c h  i s  s w i t c h e d  b o I s e - c - n  c h a n n e l s  is ~~~~ i n

iz  I : u i t  Ii by  2 u m i  in  rang e- . ~ i t h  1— ti -h  a l a r g e - e e l  I , a s i  u p  i c  l a r p c -  c h i t  t e - r r e t u r n

c m  r in s e  t h e -  c u t  i r e -  2 . 8
11 

by 2 u m i  c r - - , t o  be- i n  t i l e -  N F l  u - o d e ’ a n d  t i t t i s  l I v e  poor

I t  ‘It lee i t v re -s  pc - l i-i c-

N - t cu t  f 1 I ght s we -re  r u i d e  c~ i L i t  t lie-  mj  in  p d i r p o s e -  U t  t , ’st i ng  t Ice - N F h )  and

h {V D—4 t a n gen t  i a l  m i r e - r i f t  d e t e c t  i i i  p e - r t o r m a n - e- . lh e wev e -r , mos t  of  the-  t e s t

I 1 ig i t t s  c o n t a i n  d a t a  f o r  s i t u a t i - i t s  i n  w i c i eh  t h e  c o n t r o l l e d  a i r c r af t  w e r e

I l y i n g  t , i ) i p c - u l t  j o l l y .  A n a l y s i s  of  t l c e - s e -  t e - u t  f l i g h t s  s h o ws  that the ’ N ’FD hod

e x c e - i l e n t  d e t e c t i o n  p e r f o r m a n c e  w ic en  t h e  a i r c r a f t  were  f l y i n g  t a n g e n t i a l ly

w i t e - t h e r  t h e  a i r e - r i f t  was in r a i n  or g round  c l u t t e r .  D a t a  a n a l  v s i s  a l s o  showed

t h a t  t h e  R V D — 3 s u f f e r e d  mon t ’  c o r r e l a t e d  r ad a r  d rop o u t s  when the  t e s t  a I r c r a f t

w e r e  f l y i n g  t a n g e n t i a l ly  n e a r  r e g i o n s  of  gr o u n d  or r a i n  c l u t te r .  Thes~- m issen i

d e t e c t  ions  cou s ed  poor  t rae-k i n g  p e r f o r m a n c e -  in r e g i o n s  of c l u t t e r .  Ex a m p l e s

of t i m e - s e  c l i  e - c t s  a r e -  p r e s e n t e d  in Se-c t i o n s  V — C  and 0 — F .

-S I . ( ;0O~
- 1

W h i l e -  b o t h  processors exhibite d adequate- det ection and false-—alarm per—

I ormoni -e- in the clear , the- detect ion and false- alarm per f o r m o n c e  u t  t h e ’  NT !)

was t a r  su p -n o r  to  t i c , i t  o f  t h e -  R V D — 4  in r a i n  and g r o u n d  c l u t t e r .  N I h

p ro --scd  r i I . i r  r e p o r t s  wt N s i g n  i t  j e u i i c t l y  more-  . c e u r . i t , -  tI muc RVh )— r .iuta r

r e - j - - r t s , antI the Ni l ) did n o t  s u i f f , - r  f r u - i  t r u c k  c l r u ’ j ’ i i l  s wit h he -  t r : m e k i n g

t i c u u - , - n l  i m I  l v  h l - . i ng  a i r c r a l t , as d id tI lt - RV D— 4 .
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The d e - v c’l  opn i - n t  u in d  I c - s t  i n g  of  I h i t - N i l )  S y St e ’ l u l  t o o k l O u m d r e -  t i m - u i  t I ? - y e - a r -  m d

b e - n e - f  i t e ’ el f rolic the- -L )n tr ib Uti ~)nS of a large ucuniiw- r ol  p e - op i c -  i n  sev e r a l  d i i  I~~- r -  i t

o r g a n i z u i t  i o n s . -\ s i l t e d - re- e- f f o r t  has  he-c-n mode to :ic-k uie wl c-dge- a l l  s i puc i f  i i i u m t

coutr ib~it i ons to this pro eet

‘ l ’hie -  N i l)  p roce-ssor was d e v e- i t i p L-d i n  Li neo In Lz ib o  ro tory ‘s Radar I’c-eh ii l q ies

(;Foel i) . In add i t  jotS td ) C . E . Muehi e- wh im ) is t h e  I ; r o u p  L e a d e r , M . Lab it t and P . Il

~L - L n r  isun cou tr  l b u t~ -d to t h e  s i - s tem  des i gn wic i be’ W - II. D r u r y  s u m s  r e i spons  P i e

f o r  most  of the  N i l )  ‘s di gital design .  ‘lice ceinst rue-lion of the N ID , the- modi Ii —

c - m t  i o n  of  lice Fi ’S— 18 radar , s y s tem  in t e g r a t  ion and t r a n s p o r t - i t  i o n  of  t i c e -  N i l )

f r o m  L i n c o l n  L a b o r a t or y  to N A F E C \~‘e’re made p o s s i b l e- by t h e  e-n t li u si :m st ic ef I t i n t s

of  :c n u m b e r  of L in c o l n  Laboro t o r y  personne l  i n c l u d i ng  W .  Crowder , A .  i - Di o u ’u - i i

II. P. McC abe  , R .  I’ . Me ’us e - .  N .  - \.  Nader , C— S  . L in and C - P . Cagnon con I r i bu t  t d

to  t u e  d e s ign  and c o n s t r u c t i o n  of the  NOV 1 , c o m p u t e r  s u b s v u - ; t em.  k .  I) .  Lewi s  u m o d

C. N . Hardy of Lincoln L a b o r a t o r y  and C .  H ay e s  e l  A R C I ) N  , I me .  d e ve l o pe d  mos t

of the  s o f t w a r e  used in the  NOVA and in the  n o n — r e a l — t  ime d a t a  ana ly se - s .  Also ,

the  c o n s t r u c t  ive d i  r eet  ion of H .  C. Weiss and P. H. l ) rou i  lhc ~~t was app l e- c i u c t c d  -

4 We- also want  to thank  Me-ssrs .  K .  C o o n l e y,  0 . i i u c l c s o n  and D .  l’u r n b ul l  of t i l e

FA A / R e - s e z c r c i m  and Deve lopment  f o r  t h e i r  con t  i n u i n g  s u pp o r t .

Time tests at NAFEC were made- p o s s i b l e-  by the e - o ope -r a t ion of t h a t  ( d r g u i l c  i—

z~It i o n .  We g r a t e f u l l y  acknowled ge the cooperation and Ice b p f ul  sup g e - s t  i o n s

r e c e i v e d  f r o m  ~J .  La cey and W .  Herget  and , p a r t i c u l a r l y ,  the-  many d i l f  i c d u h  t

hours and imaginative solutions contributed by R. Bassiord , P. Coodc h i l d  and

A .  D e L a N a r m ’ l ic -  . >1 . Holz and M.  Sch o c -n t h a l l  gave hel p  and guidanc e i n  the- inter—

• I at - ing and o b d e - r u i t  ion w i t h  tice ARTS—Ill s y s tem  ;it  NA1 - i - C .  C .  Decker of N Ai - i-N

a r r a n g e d  and f l e w  most  of the  t e s t  f l i g h t s .

We w i s h  to  acknowledge  the work of R .  ,ioi inson , K .  T s c he - t t e’r and L .  \‘~age l

of tIn ivac  who des i gned and p r o du c e d  t h e  A R T S— I  11 Sc) f t wa r e -  p o r t  i o n s  of t h u e  N

sys tem.

F i u c : i l  ly  , we acknowledge with thanks t h e  h o u r s  sp e n t  by  A - L . Sm i i i  and

L.  1. W e s l e y  in  the preparation of this manuscript.
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