

















Average distance between track after gridlock
alignment (nautical miles)

NRL/APL data - scan number

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-
tion 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 individual 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-
tively as part of the BGAAWC Program at APL. Suc-
cessful demonstration will be followed by the intro-
duction of improved gridlock throughout the Fleet.

REFERENCES and NOTES

IThe term rack as used here should not be confused with target tracks pro-

duced by fire control tracking radars. The latter typically operate in a
dedicated mode from target acquisition to target kill evaluation and pro-
duce high-quality track data, with accuracies on the order of one millira-
dian or less. Search radars such as the AN/SPS-48C operate at a much lower
data rate as constrained by their mechanical antenna scan period and
hence produce position estimates of much lower quality, on the order of a
few milliradians at best. The term track for these radars is used for reasons
of conventional acceptance. The radars should more properly be termed
plotting radars.

The AN/SPY-1A AEGIS radar combines both search and fire control func-
tions in a single radar and provides quality track data comparable to that
produced by dedicated fire control radars. This capability results primarily
from the use of coherently integrated high-resolution waveforms and
phased-array noninertial beam scanning.

2Historically, the coordinate frames used by ships or aircraft to report
target or track positions are called grids. The process of aligning the grids
to a common standard became known as gridlocking.

3The Naval Tactical Data System employs computers, displays, and digital
data links, which function to share track and identification tasks among
Battle Group elements.

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