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Motivation 
1. In the optimal control framework, Bellman’s optimality principle and 

the Hamilton-Jacobi-Bellman (HJB) equation play the most important 
roles in finding solutions subject to various dynamics and constraints. 

2. For unknown nonlinear systems with uncertain dynamics, 
mismatches, and disturbances, where the optimal problem is 
governed by the nonlinear HJB equation, the adaptive dynamic 
programming (ADP) solution has turned out to be much more 
computationally complex and difficult.  

3. Recently adaptive fuzzy control has likewise become a productive 
research field for unknown nonlinear systems because of the powerful 
modeling and approximating capacities of fuzzy logic systems (FLSs). 
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Main idea 
1. Implemented in an adaptive actor-critic architecture, our methodology 

is extended to an alternative pattern of using the HJB equation aiming 
to approximate the optimal balancing control solution subject to 
optimal control cost and system dynamics in a Lyapunov sense. 

2. Different from previous work, this method effectively yields an indirect 
adaptive optimal balancing control scheme, which finds the adaptive 
approximation and balance between the optimal cost and optimal 
control policy in real time, while guaranteeing closed-loop stability. 
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Method 
1. Within the actor-critic framework, the interest of this study is to find a 

new adaptive optimal control method to manipulate and use the HJB 
function arising in the uncertain nonlinear circumstance. 

2. Considering the unknown and unpredictable nonlinear characteristics 
of the controlled system, we introduce a new self-learning fuzzy logic 
critic structure for the regulation and adaptation of the performance 
function Γ(x) to approximately balance and minimize the HJB value 
function ψ(x). 

3. According to Bellman’s principle, the performance function (index) 
Γ(x) stands for the optimal strategy, and its adaptation 
correspondingly adjusts and alters the structure and performance of 
the optimal control policy u*(x) for the adaptive control actor. 
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Major results 
The proposed indirect 
adaptive fuzzy-regulated 
optimal control (IAFOC) 
scheme 
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Major results (Cont’d) 
1. Test results of our IAFOC and ADP methods in case 1 
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Major results (Cont’d) 
2. Test results of our IAFOC and ADP methods in case 2 

 

Fig. 6  Chua’s circuit responses of ADP (a) and IAFOC (b) in case 2 
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Conclusions 
1. Without iteratively solving the HJB equation, a novel indirect 

adaptation methodology of approximately minimizing and balancing 
the nonlinear HJB equation has been proposed for the first time using 
the actor-critic architecture in the proposed scheme.  

2. Using a fuzzy-regulated performance function as reinforcement 
medium, the supervisory adaptive critic associated with the self-
organizing weight learning law ensured online approximation and 
simultaneous adjustment of both the optimal cost and the optimal 
control policy. 

3. For the control actor, an adaptive optimal feedback controller has been 
constructed with a new augmented Riccati governing equation, and 
fast and stable convergence of nonlinear system states and 
parameters have been achieved autonomously under diverse 
conditions. 
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