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Approach to Control Practice with Logical Network Framework

Prologue

Physics: Continues Domain revolution in Discrete-time

Modeling: Quantitative representation of the State

Description with Logical variables
Why:

Essentially 
Stochastic system

Controlling precise 
value doesn’t make sense

Low sensitivity of 
actuator
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ThrottleOpening
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Air flow

Exhaust Gas

Cylinder

Intakevalve Ehxaust Valve

IntakeManifold

Combustion Engine
- Cycle-to-cycle revaluation

Discrete-time

:
:

Mass Mass Mass
Energ Energ Energ
Efficiency Efficiency

Efficiency

Quality Quality Quality

- Stochasticity in Combustion
Continuous variable
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ThrottleOpening

Rotational Speed

Air flow

Exhaust Gas

Cylinder

Intakevalve Ehxaust Valve

IntakeManifold

Inlet Compression Combustion
(expanding)

Exhaust The end of 
Exhaust

Beginning of 
Inlet

Current cycle The next cycle 

The residual gas (burnt and unburn) 
goes to the next cycle 

The residual gas fraction (RGF)

Mass of RG/ Total gas mass 
=10%±Delta

The RGF: internal exhaust gas recirculation
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Physics: Stochasticity

Cycle-to-cycle variation under fixed actuator value
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VVT=0
VVT=8
VVT=16
VVT=24
VVT=32

Kth-cycle vs k+1th cycle

Fitting distribution: different value timing

Stochasticity in combustion event

Modeling:



 Derivation of Optimal Control Policy

 Example i: 

RGF control of Combustion Engines

 Example ii: 

Energy management strategy design for HEVs



Developing an Design Method 
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External random  
disturbances

logical operator 
For example: 

[1] D. Cheng, H. Qi, and Z. Li, Analysis and control of Boolean networks: a semi-tensor product approach. Springer, 2011.

Stochastic Logical Networks: System Description
State space Control space

Dynamics
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■ Admissible policy (reachable logical set ) 

Stochastic Logical Networks: Optimal Control

■ Cost Index

per stage cost

■ Finite Horizon problem

■ Infinite Horizon problem
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Algebraic Representation

Transition probability matrix of 
“Closed Loop System under 
Control ¥mu” can be generated by  
multiplying a matrix

A



11IEEE CDC 2023, December 12 Dalian Minzu Univ., Dalian Univ. of Technology, Sophia Univ.IEEE CDC 2023, December 12 Dalian Univ. of Technology, Sophia Univ. 11

Optimal Control—Policy Iteration

Equivalently, this is nothing but minimization of “one step” 
in Bellman DP
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Optimality Condition

[2] Yuhu Wu, and Tielong Shen, A finite convergence criterion for the discounted optimal control of stochastic logical 
networks, IEEE Transactions on Automatic Control, 2017.

B

A
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Optimal Control—Policy Improvement
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☆ Transition Probability matrix of CLS            
multiply a policy-associated matrix M to basis vector

☆ Benefit from the definition of Q_¥mu matrix            

found that the optimal cost J^* is a “fixed-point” of Q!
provides a condition “policy evaluation” which enables us 
to construct a policy iteration algorithm.

Short Summary on Algorithm Developing 



Example of the Combustion Engine
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Testbench: getting the physics
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Testbench: Measuring and controlling
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The statistic properties of RGF displayed in Fig. 3 
implies VVT evidently affects the distribution of RGF. 

The probability density  of RGF under various constant VVT.

VVT can be regard as the control input 
with three discrete degrees 0, 8,16,24, 32.

Mean
Value

Standard
Variation

VVT=0 0.0628 0.0086

VVT=8 0.0707 0.0098

VVT=16 0.0849 0.0146

VVT=24 0.1069 0.0205

VVT=32 0.1316 0.0260

Modeling as logical system
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The range of RFG is divided into seven intervals A1,A2, · · · ,A7, where

The values of RGF are quantified in following identification way:
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Modeling: Quantization & Logical System Representation
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Conditional probability density  under 
different previous states and controls

Fitting Transition Probability under Control
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Maximum 
Likelihood 
Estimation

Then the transition probabilities can be calculated

The conditional probability density for Residual Gas Fraction

Fitting Transition Probability under Control
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Transition  
probability 
matrix

Per-stage cost function

Reduce the 
variance of RGF

Less change of 
VVT degree

Discrete distance function is defined by

The weight coefficients is chosen as
Remark：

Formulation of Optimal Control Problem 
Control design for RFG
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Engine speed is 1500 rpm
Water temperature is 353.15 K
Throttle stochastically  change  from 6.4-10.4 degree

The experiment is carried out on the test 
bench for the 5-th cylinder

Experimental validation for GRF control 
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Experimental validation for GRF control 
Experimental  Result with VVT
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[5] Yuhu Wu, Tielong Shen, Policy iteration approach to control residual gas fraction in IC engines under the framework of stochastic logical dynamics, 
IEEE Transactions on Control Systems Technology, 2016.

Experimental validation for GRF control 
Experimental  Result with VVT
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Example of Energy Management of 

Hybrid Electric Vehicles
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Energy Management 
Strategy

Contents

Wheel

ENGINE

Inverter

Battery

V2X

Long-term prediction

- Uncertainty
- Stochasticity
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Modeling by Quantization
Finite disjoint interval of state range:  

)
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Formulation of Optimal Control Problem
Approximate optimal control problem 
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Problem representation
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Driving route data  

Quantization values of state and control variables  

Simulation Results
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Validation Results



IEEE CDC 2023, December 12 Dalian Univ. of Technology, Sophia Univ. 35

Validation Results

engine provides more power
otherwise, 
motor provides the most 
demand power
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When take smaller quantification factors in terms of both the state and control 
variables, less cost is achieved, moreover, the fuel economy is improved.

Validation Results
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On-board optimization algorithm for super 
lean burn engines
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