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As technologies have been more quickly developed in this 4th Industry Revolution era, their application to defense industry

has been also growing. With these much advanced technologies, we attempt to use Manned-Unmanned Teaming systems in various

military operations. In this study, we consider the Location-Routing Problem for reconnaissance surveillance missions of the

maritime manned-unmanned surface vehicles. As a solution technique, the two-phase method is presented. In the first location

phase, the p-median problem is solved to determine which nodes are used as the seeds for the manned vehicles using Lagrangian

relaxation with the subgradient method. In the second routing phase, using the results obtained from the location phase, the

Vehicle Routing Problems are solved to determine the search routes of the unmanned vehicles by applying the Location Based

Heuristic. For three network data sets, computational experiments are conducted to show the performance of the proposed two-phase

method.

Keywords : Location-Routing Problem, Manned-Unmanned Teaming, p-Median Problem, Lagrangian Relaxation,

Location-Based Heuristic
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<Figure 1> An Example of the Results of Solving the
LRP on a 48-node Network when p=4
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Step 0. (Initialization) Select a tolerance value e > 0. Set
LB=—00,UB=c0,k=1,A, =0, VjEN.

Step 1. (Computation of a new lower bound) Solve the
Lagrangian relaxation P,. If Z > LB, set LB=Z\.
Step 2. (Computation of a new upper bound) Determine
the corresponding feasible solution. If
Z"(\F) < UB, set UB=Z"P(\F).

(Check of the stopping criterion) If
(UB—LB)/LB < ¢, Stop. LB and UB represent

the best lower and upper bound, respectively.

Step 3.

Step 4. (Update Lagrangian multipliers) Determine the
subgradient of the jth
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Step 1. Formulate the VRP as an instance of the CFLP
with v; =2d; and w;; =d;+d;;—d,.

Step 2. Solve the CFLP.

Step 3. Transform the solution obtained in Step 2 into a

solution for the VRP.

<Figure 3> The LBH Procedure to Obtain the Routes of the
usv
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<Table 1> Results for the location phase and comparison
of Lagrangian relaxation to IP model

Lagrangian relaxation IP directly
P LB UB | Gap ﬂ?‘g Optimal
49 node- | 5 | 11679.42 | 15771 | 035 | 317s 12866
network 10 | 6431.82 | 11188 | 0.74 | 233s 7841
88 node- | 5 | 21606.64 | 33140 | 0.53 | 325s 25359
network 10 | 10791.33 | 25707 | 1.38 | 334s 15696
150 node- | 5 | 34749.13 | 48555 | 0.4 | 507s 39058
network 10 | 1594420 | 39890 | 1.5 734s 23732
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<Figure 4> Gap between the lower and upper bounds
of the Lagrangian relaxation results as the
number of iterations increases
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<Table 2> LRP Solutions with the LBH using Location Phase

Results
# of usv .
o | Usts |opraton oot Fira LoF

used costs
49 node- | 5 10 500 13111 13611
network | 10| 12 600 11316 11916
88 node- | 5 17 850 20927 21777
network | 10| 17 850 18439 19289
150 node- | 5 | 24 1200 25982 27182
network | 10 | 30 1500 19399 20899
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