
SA305 Spring 2015 Submarine detection project

Problem Background: Maritime Patrol Aircraft like the P-3 and the P-8 search for sub-
marines using sonobuoys which they shoot out of the plane into the water. Each sonobuoy acts
as an underwater microphone (a hydrophone) and can be set to deploy to a specific depth setting,
e.g., 90, 200, 400 or 1000 feet. Typically, large bodies of water like oceans have a specific depth
(known as the sonic layer depth) where the speed of sound in water stops increasing and begins
decreasing. This can cause sound waves in the water to bend away from this depth, distorting
the way the sound waves are transmitted. This creates a tactical opportunity for submarines
to reduce the noise heard by a hydrophone on the opposite side of this layer. The submarine’s
depth relative to the sonic layer along with the specific depth setting of the sonobuoy affects the
sensitivity of the monitor.
The Navy has software to model the detection range for specific submarines types in specific
environmental conditions. The chart below gives a sample summary of the output of this software
for a given submarine. The values given are mean detection ranges (MDR) in yards. The columns
are buoy depth settings. The rows are possible depth choices for the submarine where a positive
depth is feet above the sonic layer and a negative depth is feet below the sonic layer.

Buoy depths

Submarine depth 90’ 200’ 400’ 1000’

150’ 1000 600 400 300
-20’ 500 800 700 600

-100’ 400 700 800 900

Problem Statement: Assume that a high MDR is a good thing for the P-3 and a bad thing
for the submarine. Using index sets and parameters, describe the MDR information that the
software would generate. In particular, assume that a finite set of depths for the buoys and
submarines are used to generate MDR information. Your problem is to model the problem of
determining what proportion of the buoys should be set at the given depths. Assume that for
the given proportions used, the MDR realized is the average for any particular depth. Also
assume that the submarine is “perfect” in the sense that MDR realized by the depth setting is
the minimum possible for the submarine depths given, i.e., the submarine chooses the correct
depth. So, for example, let’s if 30% of the buoys were set at 90’, 20% at 200’, 40% at 400’, and
10% at 1000’, then the MDR realized if the submarine was at the 150’ depth would be:

(.3) · 1000 + (.2) · 600 + (.4) · 400 + (.1) · 300 = 610

The MDR realized if the submarine was at the -20’ depth would be:

(.3) · 500 + (.2) · 800 + (.4) · 700 + (.1) · 600 = 650

The MDR realized if the submarine was at the -20’ depth would be:

(.3) · 400 + (.2) · 6 = 700 + (.4) · 800 + (.1) · 900 = 670

Thus, the overall MDR realized would be

min{610, 650, 670} = 610.

Formulate a linear program that determines the proportions of buoys to maximize the worst-case
MDR realized.


