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Abstract

Penalty kicks are among the most decisive and pressure-filled moments in football, often shaping
the outcome of matches. Their complexity lies in the split-second decisions made by both kicker and
goalkeeper, which traditional statistical or biomechanical approaches struggle to fully capture. In
this paper, we explore how Deep Reinforcement Learning (DRL) can optimize penalty kick strategies
using the Google Research Football (GRF) environment. We trained agents with two algorithms,
Proximal Policy Optimization (PPO) and Independent PPO (IPPO), to model realistic kicker-
goalkeeper interactions. Performance was analyzed through goal success rates, goalkeeper saves, and
decision heatmaps. The trained IPPO agents exhibit a goal success rate exceeding 85%, a notable

increase compared to baseline strategies which uses PPO agents (~65%). Spatial heatmaps further
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revealed a strong preference for low-corner shots, aligning with real-world tendencies. These
findings show that DRL-trained agents can learn adaptive and effective penalty strategies, offering

practical insights for football analytics, training, and tactical preparation. © 2026 IEEE.
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