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SECOND FLEET SURVEILLANCE

ANOTHER EXERCISE IN FLEET AIR DEFENSE
[Unclassified Title]

INTRODUCTION

(S) Since NRL's detection of the USS Forrestal (27 knots) and the merchantman

Grotcdykc (17 knots) in the summer of 1968 (1), interest has been stimulated at NRL

and elsewhere to promote over-the-horizon (OTtl) surveillance in solving the Fleet Air

Defense (FAD) problem. NRL has enjoyed several successful interactions with elements

of the Second Fleet in simulated FAD scenarios (2). The Stanford Research Institute,

through its experiments with First Fleet units (3) as well as with container ships plying

the Pacific Ocean to South Viet Nam, has generated an awareness of the use of an OTH

sensor for ocean surveillance (4). The efforts of the OTt1 community should bring forth

more experimental evidence to convince naval planners to consider OTH as a solution to

one of the Fleet's most pressing problems.

(S) It is the purpose of this report to review, in part, a FAD exercise in which

NRL cooperated with COMSECFLT to provide OTH surveillance of the USS Independ-

ence (CVA-62) during her transit of the Atlantic Ocean in September 1971. A descrip-

tion of the OTH radar coverage for the six-day exercise is given in addition to corrobora-

tion of NRL radar data points with FAA position points. A summary of warning-message

traffic is examined on the basis of separation distance of the "threat" and the CVA-62.

A brief description is given of the NRL computer tracking algorithm along with tracking

results for September 23, 1971.

(S) Inadequacies in NRL's FAD capability are cited. Current work, as well aEs en-

visioned modifications, are shown to enhance slow-ship discrimination, aircraft-azimuth

estimation, and real-time communication.

EXPERIMENTAL RESULTS

(S) The radar coverage of the operating area of the USS Independence during the

period from September 19 through September 24, 1971, is depicted in Fig. 1. The hori-

zontal lines in this figure indicate the range extent covered by the Madre radar during the

daylight hours of operation of the system. Unusually good propagation conditions pre-

vailed during the observation period on September 23. A two-hop propagation mode per-

mitted the detection of many commercial air carriers over the North Atlantic at ranges in

excess of 200 naut mi. During the period from 1100 through 2230 GMT on the 23rd,

the USS Indeprendence was steaming on a northeasterly course at a range of from 1960

Note: Manuscript submitted October 26, 1973.
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Fig. 1 (S)-Radar coverage for the CVA-62 transit

to 2070 naut mi from the Madre site on the Chesapeake Bay. It was during this periodthat 33 warning messages of approaching aircraft were passed to the ship.
(S) Figure 2 is a photograph taken of the doppler-vs-range display at 1704 GMT onSeptember 23. Several aircraft are clearly discernible, as indicated by the arrows in thefigure. In addition to these aircraft, there are a number of others that are unlabeled.The vertical trail of echoes to the right of the range strobe at about 1836 naut mi islikely to be a meteor echo. The large dispersed signal at about 2096 naut mi is alsolikely to be a meteor echo. Occasionally a large and/or high-velocity meteor can cause anoverdense ionization trail which may persist for seconds or even minutes. Often thesetrails will collapse slowly and appear on the display as becoming less spread in dopplerwith each radar integration period. Just prior to disappearance, the discreteness in dop-pler of the meteor-trail return may be such that it strikingly resembles the typical oblongcharacteristic shape of an aircraft return. The trained operator should have little diffi-culty in distinguishing between the two if he has been alert to note the location of themeteor when it was more dispersive in doppler.

(S) Figures 3 and 4 are plots of slant range vs time, which depict the track of the
USS Independence between 1300 and 2300 GMT on September 23. Additionally the
tracks of westbounid air traffic (plus two eastbound aircraft), as deduced from flight strips
provided by the Gander Air Traffic Control Center, are plotted in these figures. Becauseof the density of the traffic, it was decided to plot some of the tracks on a separate fig-ure (Fig. 4) to maintain the discreteness of the tracks. Data points as provided by theMadre system are also plotted. For the period of time that the Madre system was oper-
ated on the 23rd (from 1130 to 2300 GMT), good agreement can be seen between the
Madre data and the tracks are plotted from information provided by the Gander Air Traf-
fic Control Center.

(5) During the five-day interval from September 19 through 23, 54 messages werepassed to the USS Independence warning the ship of approaching aircraft; a summary ofthese messages i s provided n Tablen 1. Figure 5 charts the number of aircraft reported vsthe range interval from the rhp to be uaircraft existing at the time each aircraft was re-ported. The detection of 25 aircraft at ranges beyond 200 naut mi demonstrates the use
c ul t y i n dis ti n g ui sh g bet .heT i w iv in d 2.
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of an OTH radar as a means for early-warning detection of hostile aircraft at ranges out-
side the range capabilities of air search radars currently used aboard ship. This capability
coupled with a real-time system for communicating this information to a ship operating

under emission-control (EMCON) conditions would be a great asset to Fleet Air Defense.

COMPUTER TRACKING OF AIRCRAFT TARGETS

(S) NRL has been active in evolving a computer tracking algorithm in the recent

past. This software at present does not run in real time with operator-designated targets

or with automatically acquired targets. The program accepts as an input manually ex-

tracted aircraft-data-point triplets-time, range, and doppler frequency. The algorithm as

presently configured accomplishes track synthesis by attempting a match both in doppler

and range of a given candidate point with those values believed consistent for a prior data

point or last point in a current track. Prediction is accomplished only in the range param-
eter. Doppler predictions will be implemented shortly.

(S) The program is versatile in that it permits various tolerances to be flexible.
Range estimates, doppler tolerances, and the time to drop a track are all modifiable pa-
rameters.

(S) Figure 6 is a range-time plot generated for the time 1515 to 1740 GMT for

data extracted from tape records for September 23, 1971. L' bat vere unavailable between

1651 and 1703 GMT. The total number of tracks plotted is 51. This should be qualified:
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UTLEY, HEADRICK, HOFFMEYER AND LIEBERMAN

Table 1 (S)
Reports of Approaching Aircraft Made to the USS Independence

During the Period Sept. 19 to Sept. 23, 1971

SECRET,

Radar
Date Assessment Range Time Message Passed

(GMT) (naut mi) (GMT)

19 1952 851 2010
1952 747 2010
2020 927 2032
2040 855 2051
2130 682 2137
2205 696 2212
2237 675 2243

1650
1710
1730
1733
1853
1910
1935
1956

1732

1342
1355
1355
1540
1545
1607
1623

990
1180
899

1092
1018

974
958

1113

1307

1594
1602
1684
1594
1616
1675
1745

20

21

22

23

1700
1717
1737
1745
1857
1921
1942
2002

1753

1350
1408
1408
1556
1556
1614
1636

1334
1334
1334
1343
1403
1350
1355
1403
1412
1435
1503
1550

Time Differential = Radar
Assessment Time to the

Time Message Passed
(min)

18
18
12
11

7
7
6

10
7
7

12
4

11
7
6

21

8
13
13
16
11

7
13

24
19
9
8

23
5
5

11
10

5
4
8

Table continues

6

1310 2060
1315 2025
1325 2115
1335 2235
1340 2040
1345 2220
1350 2200
1352 2157
1402 2301
1430 2207
1459 2312
1542 2220,

S.. . - '. •
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Table 1 (S) (Continued)

150 200 250
RANGE INTERVAL (MOP WA

Fig. 5 (S) -Number of aircraft reported vs the range interval
from the ship to the aircraft r , .

I k r - I-

SECRET

SECRET

Radar Time Differential = Radar
Assessment Ground Time Message Passed Assessment Time to the

Time a(GMT) Time Message Passed
(GMT) (naut mi) (min)

23 1548 2170 1553 5
1557 2290 1607 10
1600 2370 1607 7
1603 2345 1612 9
1615 2335 1619 4
1628 2297 1639 11
1633 2330 1639 6
1758 2217 1806 8
1817 2467 1836 19
1834 2140 1848 14
1838 2435 1848 10
1847 2385 1857 10
1900 2355 1911 11
1902 2275 1911 9
1929 2322 1935 6
2050 2223 2104 14
2050 2325 2104 14
2100 2200 2104 4
2120 2160 Message not forwarded -

2130 2215 Message not forwarded -

2250 2340 2259 9
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Fig. 6 (S)-Computer-synthesized range-vs-time tracks for Sept. 23, 1971, 1515 to 1740 GMT

even though several of the tracks beyond the data gap are obviously extensions of tracks
existing earlier in the record, the machine counts such a track as two tracks; hence there
are 51 tracks. The tolerances used for this plot are shown in the upper right-hand corner.
No tracks are shown that possess fewer than 15 points. The doppler is allowed to change
by ±0.2 Hz between consecutive track points. The tolerance on the predicted range point
is ±5 naut mi/min for the maximum unambiguous doppler target. The range tolerance is
scaled for slower targets.

(S) Some of the tracks persist for an hour or more. In several areas of the plot
there seem to be several tracks that are close spaced. The reason for this has not been
fully resolved. It is believed that multipath echoes may be contaminating the track syn-
thesis by giving parallel close-spaced tracks. At the ranges of these targets the Madre
radar beam is likely several ed miles broad. It is also conceivable that multiple air-

craft at dissimilar azir lgwith iii the radar beam could supply such confusion of tracks.
Intensive investigatili as o6 "the nhchanism is indicated.

SIt1ET 8
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(S) In the manual extraction (a tedium) of the more than 3100 data-point triplets,

it was determined (on the basis of the algorithm configuration) that data acquired at, too

frequent an interval precipitated a disruption in track continuity. When the 10-second

spaced data was critically examined, it was determined that short-term ionospheric-path

instabilities were more prominent than aircraft motion, the net effect of the anomaly be-

ing that the aircraft echo would move a disproportionate distance in the short elapsed

time and would hence exceed the predicted range (within tolerance). When samples were

taken every 30 s on each available target, the track disruption noted was relieved. Im-

proper inferences should not be made from these considerations. It is very possible that

a more adaptive tracking program would accommodate some of these anomalies.

(S) Figure 7 is a plot of a housekeeping parameter which is maintained by the pro-

gram for each track. The software computes a running average of the elapsed time be-

tween points of a given track. When the track is dropped, the cumulative average is

printed. The population distribution of these average times between points for the 51

tracks of Fig. 6 is shown in Fig. 7. It is rather interesting that the elapsed time between

track points peaks at around 80 s. The reason for the average being so large is not

known at present. A study is being made to ascertain if any subtle idiosyncrasy of the
algorithm is involved.

10C I I I iI I I
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Fig, 7 (C)--Number of occurrenceq vs average time between track points

REFLECTIONS

(S) In the Fleet exercise reported in the preceding, certain deficiencies were noted:

0 Too large a delay in reporting the warning message to the operations con-

trol center in Norfolk. This excessive delay was due to the necessity of encrypting the

message in NATO numerical code and passing it over a telephone circuit. In contrast to

the rather long delays experienced in the USS Independence exercise, the USS Wa.qp exer-

cise was conducted with a real-time phone circuit between the radar site and the ship

group. Warning-mesage delays were no more than 1 to 2fnlt: - r .. . -

9 
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* Inability to detect the USS Independence • V•iis. The Ship was h' i

tinguishable from the clutter part of the time, however a r ction 'ine:' dlutien:-ll -s•i I •
would have increased the amount of time that the ship was visible.

* Excessive beamwidth dimension, which compounds a high-density scenario.
A narrower receiving bandwidth would have been desirable.

(S) In response to these previously mentioned deficiencies, certain corrective modi-
fications are being made. Additional improvements are envisioned consistent with funding:

* The Naval Electronic Systems Command (NAVELEX) is funding a pro-
gram for developing a communication modem at NRL. The implementation of this de-
vice will permit the reception of phase-coded transmissions (on the radar pulse), resulting
in a very reliable low-data-rate (75-baud) channel.

* Modifications are now being made to the wide-band exciter (WEX) to per-
mit the generation of the phase-coded transmissions mentioned previously as well as chirp
waveforms. Compatible receiver Channels are being developed in parallel to process the
chirp waveforms.

* NAVELEX has funded the development of monopulse receiver channels, as
well as modifications to the signal processor, to permit the analysis of monopulse infor-
mation. Monopulse angle estimates dependent on target signal to noise may permit angle
specification to 0.2 of the radiation beamwidth or at times to perhaps 0.1. This assess-
ment will be performed on one operator-designated target per integration period.

(S) Figure 8 gives conceptual meaning to an integrated. system permitting the real-
time detection of slow targets (ships) or conceivably small fast targets (ASM) and the
specification of location of those targets in latitude/longitude (or in ship-oriented coordi-
nates), with concurrent real-time relay of the threat scenario to friendly forces.

FAEOPERATOR DESIGNATIONFRAME -

TIME
REPLICA -- ----- I CAPABILITIES:

IINTERACTIVE I "<TRACKING TA RIGHETNSEPRTIO
__DISPLAY . . --- 7] COMPUTER - HIGH DENSITY

Lj PREDICTIVE TRACKA " .MAINTENANCE
-I COORDINATE POSITIONI I ESTIMATION

HARDWARE: REAL-TIME OUTPUT
ADR EXISTING OF SCENARIO STATUS

DISPLAY PROCUREMENT
NEED

Fig. 8 (8)-Real-time, computer-aided track synthesis
for the operator designated targets
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SUMMARY

(S) NRL continues to be excited about potential capability resident in the OTH
sensor to accomplish:

"* Real-time FAD

"* Wide ocean surveillance.

With the system improvements cited previously, the Madre radar should be able to accom-
plish the objectives implicit in Fig. 8.
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