










link updates from ten common track pairs or ten link 
updates from five common track pairs). Hence it was 
selected for the at-sea demonstration system. 

Finally, these algorithmic techniques have the ad
vantage that they require no navigational input, ex
cept for rough initial estimates, as long as mutual 
tracks are available. This permits precise data ex
change in the absence of external navigational aids. 
Navigation data are required, however, to maintain 
the alignment during periods when no common data 
exist between the two sites or during the possible ex
tension to geodetic gridlock. 

Implementation 

Implementation of the at-sea demonstration sys
tem encompasses equipment acquisition, computer 
program development, and testing necessary to pre
pare and operate the Gridlock Demonstration System 
aboard ship. Figure 8 presents the equipment config
uration for the current Gridlock Demonstration Sys
tem design. The equipment in the shaded area is re
quired for the actual operation of the system. The 
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Figure 6 - These before (a) and 
after (b) enlargements of the cor
related tracks in the region east of 
APL illustrate the effects of 
gridlocking. NRL tracks are shown 
in green and have been translated 
to APL by using exact curved-earth 
coordinate transforms. APL tracks 
are shown in red . The misalign
ment in the uncorrected (ungrid
locked) data is obvious. For the 
corrected data, the improvement 
in the alignment is dramatic. 
False correlations in the corrected 
data base, however, are evident. 
Misalignments can also be ob
served near the ends of corrected 
tracks as one site loses contact 
with the target but continues to 
extrapolate its position sufficient
ly to maintain a rough correlation 
with the other site track. 

other equipment is required for documentation and 
control of the demonstration. Only one Gridlock 
Demonstration System suite is required because the 
GRU needs no gridlock function. 

Development activities at APL include develop
ment of the demonstration system as well as of a 
wraparound simulator, i.e., a computer that simu
lates all the interfaces (both inputs and outputs) nec
essary to evaluate the detailed computer program de
sign and that permits the introduction of recorded ra
dar data. Subsequent activities include testing be
tween land sites and between land site and ship. 
These tests will use the facilities of the Fleet combat 
Direction Systems Support Activity (FCDSSA) at Dam 
Neck, Va., and various ships in the area. The final 
testing process entails the installation of the Gridlock 
Demonstration System aboard a ship, followed by a 
series of tests, first with the land-based FCDSSA facil
ity and the AEGIS Combat System Engineering Devel
opment Site at Moorestown, N. J., and ultimately 
with another ship at sea. Data collected during these 
demonstrations will be returned to APL for evalua
tion. 
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Figure 7 - To quantify the differences in alignment quali
ty achieved via various gridlocking techniques, the average 
distance in nautical miles between NRL tracks translated to 
APL and APL radar tracks was evaluated for each scan. Plot 
(a) illustrates this distance for navigational alignment only, 
i.e., the known geodetic positions of both sites that were 
used to align the two data sets. No other alignment correc
t ion was applied. Plot (b) illustrates the quality that could 
be achieved with a properly redesigned NTDS algorithm, 
which corrects for constant translational and rotational 
biases only. Plot (c) illustrates the alignment achieved 
when an algorithm accommodates the bearing-dependent 
biases as well as translational and rotational biases. This 
value is comparable to an estimate of the measurement 
noise for the AN/SPS-39 radar used; thus, it represents es
sentially the statistical limit that could be achieved with 
these data. Fluctuations in these curves are a consequence 
of measurement error of the radars and the variations in the 
spatial distributions of the tracks observed. 

CONCLUSION 
It is essential to rapidly distribute precise radar 

track information on threats confronting a Battle 
Group to all ships and aircraft of the Battle Group in 
order to coordinate the individual combatant's re
sponses to the threats. As the relationship between 
the threat data distributed and the response required 
of the Battle Group has evolved, the need for tighter 
Battle Group coordination has emerged. This has, in 
turn, increased the requirement for precise data ex
changes to ensure effective employment of the Battle 
Group. Fundamental to meeting these requirements 
is the improvement of the data registration, or grid
locking, of the indi vidual combatant ships and air
craft. 

Experiments conducted with APL and NRL 
equipments have indicated that significant improve
ments in the quality of gridlock alignment can be 
achieved by properly utilizing track data generated 
by the automatic tracking systems currently being in
troduced into the Fleet. Further, these improvements 
can be realized , at least for the intra-Battle Group 
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Figure 8 - The suite of equipment shown, currently pro
posed for installation on the Gridlock Demonstration unit, 
is the only equipment installation necessary to support the 
gridlock demonstration. (Only small procedural changes 
are required on the Gridlock Reference Unit.) Equipment in 
the shaded area is required for the actual gridlock opera
tion; the other equipment is needed to document and con
trol the demonstration. 

problem, without having to upgrade greatly the navi
gational capability of ships and aircraft to modify the 
current data links or tactical data systems. Once im
plemented, the improved gridlock system should be 
realized with a minimum of operator intervention. 
Alignment can be maintained continuously and auto
matically thereafter, without operator burden, as 
long as common track data are available. 

Gridlocking improvements are being pursued ac
ti vely as part of the BGAA we Program at APL. Suc
cessful demonst ration will be followed by the intro
duction of improved gridlock throughout the Fleet. 

REFE RENCES and NOTES 

I The term track as used here should not be confused with target tracks pro
d uced by fire control tracking radars. The laller typically operate in a 
dedicated mode from target acquisition lO larget kill evaluation and pro
duce high-qualit y trac k data, with accuracies on the order of one millira
dian or less. Search radars such as the A / SPS-48C operate at a much lower 
data rate as constrained by their mechanical antenna scan period and 
hence prod uce position eSlimates of much lower qualilY, on the o rder of a 
few milliradians at best. The term track fo r these radars is used for reasons 
of convenlional acceptance. The radars sho uld mo re properly be termed 
plulling radars. 

The A / SPY-IA AEGIS radar combines bOlh sea rch and fire control func
tions in a sing le radar and provides q uality track data comparable to that 
prod uced by dedicaled fire conlro l radars. This capab ilit y results primarily 
from the use of coherenll y int egra ted hig h-resolutio n waveforms and 
phased-array noninertial beam scan ning. 

2H istorically, the coordinate frames used by sh ips or aircra ft to report 
target or track positions are ca lled grids. The process of a li gnin g the grids 
to a common standard became known as g ridlocking. 

3The Nava l Taclical Data Sys tem employs comput ers, displays, a nd digital 
data links, w hich function lO sha re track and idenli fica ti o n lasks a mo ng 
Batlle Gro up element s. 

4R . E. Kalman , "A New Approach to Linear Filtering and Prediction 
Problem," J. Basic Eng . 82 , 35-45 (Mar 1960). 
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