














 

Overall, the agent performs well and demonstrates a clear 
ability to distinguish good links from bad, and effectively 
switch between them over time, to optimize data throughput. It 
is able to accomplish the core operating principle of a cognitive 
link: analyze the surrounding environment and respond 
intelligently to optimize data throughput. 

IV.  DISCUSSIONS 
This study showed that reinforcement learning presents a 

viable means of implementing a cognitive link. A high fidelity 
simulation environment was created which closely resembles 
the real operating environment, including the effects of link 
fading. Inside of this environment, a reinforcement learning 
agent approximated by a neural network was trained using a 
modified reinforce algorithm method. The agent architecture 
and hyperparameters were tuned using a grid search. The final 
model was trained on 337 training episodes and validated on 
113 validation episodes. Illustrative metrics were calculated 
based on agent performance, and strengths and weaknesses 
were identified. Overall, agent performance was positive and 
should encourage the continued application of reinforcement 
learning to cognitive communications. 

The environment created for this study can be used for 
testing other reinforcement learning agents. It can also be 
updated to use a different underlying simulation tool, without 
requiring a rewrite of agent training code, thanks to the 
decoupled nature of the simulation itself and agent training 
environment. There will always be drawbacks to simulating the 
training environment for an agent one hopes to deploy in the 
real world. Antenna slewing and competition for ground station 
resources were both excluded from the environment for 
simplicity in this initial research. These are important 
considerations for any cognitive link algorithm. The agent was 
not tested in an environment which incorporates these and thus 
its performance in such an environment cannot be estimated. In 
addition, downlink of data was simulated numerically and not 
using actual channels capable of introducing additional noise 
and interference. This meant that the link always performed 
exactly as its numerical characteristics predicted it would; in the 
real world, performance may be similar but not exact, and in 
some cases vastly different than the most current numerical 
characteristics would indicate. 


