Figure 2. Outline of weapon system placement (Lockheed Martin design). (U.S. Navy photo by Mass Communication 2nd Class Aaron
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Burden/Released.) [ERRATUM: The originally published figure and caption have been replaced with corrected versions.]

organizations. APLs contributions include the devel-
opment and demonstration of autonomy logic that is
applicable to sweeping for mines and identifying mine-
like objects.” Demonstration of this technology showed
that applying autonomy can reduce the time required to
identify mine-like objects from days to hours by elimi-
nating the need for unmanned vehicles to return to
the host platform for operators to conduct data analy-
sis.” Instead, the data analysis is pushed forward and
is done autonomously on the unmanned vehicles. By
pushing even more analysis and decision logic forward
to the unmanned vehicles, workload can be shifted from
human operators to hardware and software. The role of
the operator then becomes more focused on planning
the mission and evaluating its effectiveness. Once the
mission is planned, it is assigned to the autonomous
vehicles for execution. The operators monitor the execu-
tion of the mission but do not actively control the vehi-
cles. Potential applications of mission-level autonomy
include searching for and identifying mine-like objects
in a specific area and neutralizing mines in an area.
APL has demonstrated that when assigning a route
or area to be searched, a specific search pattern can
be assigned to an unmanned surface vehicle.” The
unmanned surface vehicle detects mine-like objects
during its search and communicates the locations of
those objects to UUVs loitering on the surface. It has
been demonstrated that once these locations are given,
the UUVs can autonomously develop routes to visit each
mine-like object and collect data to determine whether
it is a mine.” Once the search and data collection are
complete, all vehicles would return to the LCS seaframe

where operators could interpret the information, develop
Q-routes, and designate which mines need to be neutral-
ized. Once the mines to be neutralized have been identi-
fied, the UUVs would be deployed again to perform the
neutralization. Once the Q-routes are established, the
autonomous vehicles could conduct the periodic moni-
toring as well. The routes could be programmed into the
vehicles, and the vehicles would autonomously sweep
the routes and identify any new mine-like objects that
need to be identified and removed.

APPLICATIONS TO SUW

SUW is a broad mission area that refers to any action
taken against vessels on the surface of the sea. Search-
ing the surface, maintaining a tactical track picture of
surface vessels, engaging small boats within the visual
horizon, and engaging large vessels to ranges over the
horizon all fall within this mission area. The LCS is not
intended to perform the full range of SUW operations,
but it does have capability in each of these areas. When
integrated into the LCS, the SUW package augments
the ship’s capability to conduct surface surveillance using
offboard sensors and to engage surface threats both in
the line of sight and over the horizon. These compo-
nents include electro-optical/infrared sensors mounted
on a vertical take-off and landing tactical UAV to pro-
vide over-the-horizon detection, 30-mm guns to kill
close-in targets, and the MH-60R armed helicopter for
surveillance and attack missions.®

SUW can benefit from autonomy in the same way
that MCM can—by pushing data analysis and decision
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tasks forward to autonomous vehicles instead of requir-
ing those tasks to be performed on the LCS seaframe. As
an example, autonomy can be used for airborne search-
ing and tracking of surface targets over the horizon. The
LCS concept already includes sensors deployed on UAVs
for over-the-horizon detection. Autonomy could be used
on the UAVs to build and maintain a track picture and to
coordinate among UAVs to hand off and maintain tracks
as they pass from the field of view of one vehicle to that of
another. As operators classify tracks as friendly or hostile,
the UAVs can take action based on preplanned doctrine.
Another complex area of SUW in which autonomy
could provide great assistance is the protection of assets
from small boats in congested waters such as shipping
lanes.® Although the environment is complex and the
tracks are numerous, the rules of engagement are clear.
The initial forms of engagement in these situations are
nonlethal, typically visual and audible warnings to deter
suspicious vessels. In this environment, autonomous
vehicles could patrol a defined perimeter and, without
the need for operator involvement, deter vessels that
violate the perimeter. Vessels that are not deterred would
be passed along to the operators for prosecution using
the seaframe’s weapons or manned air assets. By push-
ing the control and nonlethal engagement functions to
the autonomous vehicles, the operator’s workload would
become focused on only those vessels that pose a poten-
tial threat and not the majority of the surface traffic.

FUTURE APPLICATIONS OF AUTONOMY

As stated previously, most unmanned vehicles have
some level of autonomy. To date, the military implemen-
tation of vehicle autonomy has been limited to surveil-
lance and nonlethal engagements. Autonomous vehicles
do not conduct lethal engagements without a human in
the loop to make the decision. The military has also
developed autonomous weapons, generally referred to
as smart weapons. Global positioning satellite (GPS)-
guided missiles and artillery rounds, torpedoes, and
cruise missiles use autonomy to deliver ordnance pre-
cisely on target.> With the deployment of weapons on
unmanned vehicles and the addition of data links and
cameras to smart weapons, the lines between autono-
mous weapons and autonomous vehicles are becoming
increasingly blurred. In the future, these two technolo-
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gies are expected to merge and produce a family of
autonomous combat vehicles capable of autonomous
search and engagement. There is an established prec-
edent for autonomous engagement. It has been used in
situations such as air defense, which requires reaction
too fast for human operators to perform, and in situa-
tions when communication with operators is not pos-
sible (such as when undersea).

This future paradigm has many advantages. Because
autonomy logic resides on the vehicle and not the host
platform, upgrades to the weapon systems can be made
with less impact to the seaframe. The use of common
control and communications standards will allow vehi-
cles deployed from one platform to collaborate and com-
municate with vehicles deployed from other locations. By
pushing search and engagement forward to the vehicle,
the operator is freed from one task that is tedious and
time consuming and one task that is dangerous. Vigi-
lance tasks required for searching and tracking con-
sume large amounts of operator time. Engagement puts
pilots and vehicle operators at risk. By implementing
autonomous search and engagement, the operator’s role
becomes focused on identifying which tracks are threats
and need to be neutralized. Implementing this paradigm
is important for the future of naval operations. As crew
sizes shrink, the importance and value of each crewmem-
ber to the execution of the mission increases. Autonomy
provides methods for simultaneously reducing the work-
load and reducing the risk of loss of each crewmember.
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