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Simulation Results

| | | Each colored group of points represents the trajectory of a single craft for sixty seconds
— (Fig. 1 and Fig. 3) Larger open circles represent obstacles (ice rocks). In the initial trajectory
1607 / ' (Fig. 1) sharp spikes in energy/fuel usage occur as a craft attempts to bend around
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obstacles as well as avoiding others. This is visible in the trajectory of the blue craft as well
- as the red, gray, and orange crafts above it. The fuel consumed over time (Fig. 2) of the
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04 _ | blue craft (representative of entire swarm) converges to a steady state value of a little less
= | % 100 | || 1 than 180 J/kg of fuel used. Fuel does not continue to be consumed as the swarm converges
7 2 sl | | to a final formation traveling at a constant velocity in the forward x-direction. After
25 = | convergence of the genetic algorithm at 71 generations, optimal trajectory parameters are
-5 ~ 2 o0 |' 1 output and used in the dynamical model simulation to create the optimal swarm trajectory
oy ~ 60 40 -I,»' | (Fig. 3). The crafts no longer attempt to sharply swerve around obstacles (Fig. 3) and the
e , el 40 . f | steady state fuel usage is a little less the 60.J/kg (Fig..4). The rate of fuel consumption is
Despite the stigma that space travel is an incredibly advanced and 15 s o0 X | also not as sharp over the course of the trajectory (Fig. 4) due to smoother obstacle
technical area for humankind, this exact problem was already solved by v ° 5 e 0, - - " " - - avoidance maneuvers instead of sudden extreme changes in trajectory. All calculations and

Time (seconds) visual representations were done/created in the Simulink/MATLAB simulation environment.

nature millions of years before humans ever existed. A swarm of : .. : , }n ,

. . . . Figure 1: Initial Swarm Trajectory Figure 2: Initial Fuel Consumption . .
autonomous agents moving as a single unit can be seen in flocks of Future Direction
birds, schools of fish, and colonies of ants. They react to disturbances as . . . . .
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a whole and can continue to survive even if individual members of the o

swarm are compromised. An interesting area where something like this | o | / _ smoother as well as additions to the model that can make it more realistic. Pairing Monte-
could be applicable that is more specific than the general space e /’ Carlo simulation technlc!ues a.long with t.he ge.netlc algorithm to mtrodu.ce uncerFamty mtc?
exploration concept is the exploration of the rings of Saturn. What has ol _ the system can accomplish this. Comparing this approach to other possible solutions to this
held us back is the density and unpredictable size (meters to kilometers) el - / optimization problem such as using an MPC or a feedback control loop and using other
of the ice rocks that make up this region. Sending a large spacecraft into ) = ol ;__?/ _ methods ca.pable o.f optlmlz.mg a function Ic?cked as a solution of a system of coupled
an area of space like this is impossible. A swarm that can avoid o E nonlinear differential equations are all possible avenues to be taken.
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