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Offline reinforcement learning based on dual value correction

YANG Lu, WANG Xue-song, JIN Ke, CHENG Yu-hu'

(School of Information and Control Engineering, China University of Mining and Technology, Xuzhou 221116,
China)

Abstract: Offline reinforcement learning (ORL) leverages fixed datasets for dynamic decision-making, but is often
prone to extrapolation errors due to out-of-distribution actions. Existing approaches typically mitigate this issue by
constraining the policy distribution or applying conservative ()-value estimation, but the induced pessimism often leads
to suboptimal policies. To address this issue, this paper introduces a ()-value correction (QVC) Bellman operator from
the perspective of improving the accuracy of value function estimation. The QVC Bellman operator uses the difference
between the learned and behavior (Q-functions as a directional signal, applying bounded adjustments to the (Q-value
update target. Building on this, we combine the QVC Bellman operator with the in-distribution Bellman operator to
form a balanced Bellman operator, enabling more effective utilization of both in-distribution and out-of-distribution
data. Theoretical analysis confirms that the ()-function derived from iterative application of the balanced Bellman
operator is convergent, and its deviation from the true ()-function is bounded. Furthermore, we integrate the balanced
Bellman operator into implicit ()-learning and incorporate an adaptive correction mechanism in V -function update to
jointly address (Q-value overestimation and underestimation, thus propose a novel ORL method based on dual value
correction (ORL-DVC). Experimental results on the D4RL benchmark, including Gym-Mujoco locomotion and
AntMaze navigation tasks, demonstrate that the ORL-DVC achieves an average normalized score of 80.9 and 62.7,
respectively, outperforming existing state-of-the-art ORL methods with superior generalization capability.

Keywords: offline reinforcement learning; out-of-distribution action; Bellman operator; ()-function; V-
function; value correction
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9 end if
10: end for
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#F1 1E Gym-Mujoco £ EHIFHYI—LE S XIEE
1% TD3BC CQL PRDC SCORE IQL DMG ORL-DVC
halfcheetah-r 11.5+1 16+1 9.9+3.7 14.3£12.6 9.9+3.7 30.2+1.6 33.6+0.7
hopper-r 8.6+0.7 8.4+1 31.1+0.3 31.4+0.3 8.1£0.4 7.8+1.1 32.24+0.2
walker2d-r 3.1£2.8 4.7£1.7 0.0+0.6 3.4+4.8 6+0.8 9.1£2.1 15.6+2.7
halfcheetah-m-r 44.540.9 45.3+£0.7 45.4+0.5 47.840.8 44+0.7 50.9+0.7 52.1+0.6
hopper-m-r 68.6+23.8 85.3+17.1 96.6+2.7 98.2+3.2 44+4 101.7+0.4 103.3+0.6
walker2d-m-r 82+6.9 79+6.2 61.8436.3 78.5+8.5 73.249.4 93.6+2.9 94.9+3.4
halfcheetah-m 48.4+0.3 46.9+0.3 48.8+0.2 54.7+0.9 47.5+0.2 55+0.3 56.7+0.4
hopper-m 59.3+4.9 62.6+6.3 100.3+1.1 99.8+3.1 56.4+5 96.8+5.8 101.8+1.4
walker2d-m 83.5£2.4 81.4+2.2 85+1.6 85.9+11.6 82.4+2.7 87.2+6.9 84.9+£3.4
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Average 68.4+5.1 69.3+4.2 70.0£7.1 69.5+8 62.7£3.6 76.5+3.1 80.9+2.0
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