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Motivation 
1. Due to the uncertainty caused by the environment, most 
practical systems always suffer from external disturbances. H∞ 
control is one of the most effective approaches to attenuate the 
effect of disturbances on the system performance. However, 
obtaining the H∞ controller requires solving the nonlinear 
Hamilton–Jacobi–Isaacs (HJI) equation. 
 
2. Reinforcement learning (RL), or adaptive dynamic 
programming (ADP), is an efficient machine learning technique 
for dealing with H∞ control problems, because RL overcomes the 
curse of dimensionality and achieves the goal of online learning 
controller design. 
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Motivation (Cont’d) 

3. Over the past few years, many model-free Q-learning 
approaches have been developed for H∞ control problems. Note 
that most of the existing Q-learning methods are based on value 
iteration. Meanwhile, theoretical foundations for policy-iteration-
based Q-learning are relatively lacking in the literature. Inspired 
by off-policy RL and adaptive control, we develop a novel policy-
iteration-based minimax Q-learning method for H∞ control of 
linear discrete-time systems.  
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Main idea 
1. First, we prove the 

convergence of the model-
based offline policy iteration 
algorithm by proving its 
equivalence to Newton’s 
method for solving the 
related game algebraic 
Riccati equation (GARE). 

2. On the basis of the model-
based offline policy iteration 
algorithm, we develop the 
model-free minimax Q- 
learning algorithm. 
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Method 
1. We define the following Q-function: 

 

 

By using the Kronecker product quadratic polynomial basis 
vector, we have 

 

 

Then the policy evaluation problem is translated into the 
following parameter estimation problem: 

. 
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Method (Cont’d) 
We use the recursive least squares (RLS) method to learn the 
true value: 

 

 

 

2. After performing 
policy evaluation, we 
carry out the policy 
improvement step by 
using the following 
normalized gradient 
method:  

 

 

 

. 

. 
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Method (Cont’d) 
Compared with Algorithm 1, Algorithm 2 is completely model-free, thus 
robust to the drift in system dynamics and the inaccuracy in system 
modeling. In addition, both policy evaluation and policy improvement 
are carried out in an online adaptive way using the state samples 
generated by the behavior polices. 

 

 

Front In
form

 Technol E
lectro

n Eng



Major results 
Convergence of the minimax Q-learning method: 
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Major results (Cont’d) 
Convergence of the value-iteration-based Q-learning method: 
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Major results (Cont’d) 
Disturbance rejection performance of the obtained controller: 
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Conclusions 

1. A policy-iteration-based minimax Q-learning method is 
developed for learning the H∞ controller online using the 
state samples generated by the behavior policies, without 
querying the system model. 
2. By employing a normalized gradient method, a novel 
policy improvement scheme is proposed. 
3. The rigorous convergence analysis of the proposed 
minimax Q-learning method is established under some 
persistence of excitation conditions and learning rate 
constraints. 
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