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[bookmark: _Hlk31901643]An Integrated Robust Design and Robust Control Strategy using the Genetic Algorithm
[bookmark: _Hlk51190880]Abstract—Sequential strategies and integrated design and control (IDC) strategies have been developed to optimize engineering systems. Nevertheless, neither of them considers the impact of uncertainty when optimizing system performance. To improve the robustness of the system performance and ensure the systematic optimality, this paper proposes an integrated robust design and robust control (IRDRC) strategy for a general engineering system using the genetic algorithm (GA). The proposed IRDRC strategy is applied to a rocket flight attitude control system to test its effectiveness. The results show that the IRDRC strategy outperforms existing sequential strategies and IDC strategies, concerning system-level optimization and system robustness. 
[bookmark: PointTmp]Index Terms—genetic algorithm, integrated robust design and robust control, system decomposition, uncertainty.
I. INTRODUCTION
T
HE ability to keep normal performance facing uncertainty is referred to as the robustness of a system in this research. The aim of robust design and robust control is thus to optimize a system so that its performance is insensitive to unavoidable uncertainty [1]. To deal with the uncertainty, some techniques have been developed [2-4], such as fuzzy control [5,6]. However, only robust control has been discussed in such studies, in which design parameters are seen as static parameters during the system optimization process. The influence of the uncertain design parameters in improving the robustness of the system performance has been omitted. To improve the robustness of system performance under uncertainty and to ensure better optimality than sequential strategies, an integrated robust design and robust control (IRDRC) approach using an AI-based optimization algorithm is desired.
[bookmark: _Hlk43650960][bookmark: _Hlk40891391]To a general engineering dynamic system, typically, it is first to design the structure of the system and then to design its controller (sequential strategy) using an optimization technique [7-16]; for example, Rao [17] proposed an approach to first design the structure for a minimum weight and then to design the controller for minimizing the consumption of energy. However, this strategy may cause low optimality due to overlooking the two-way effects (i.e., the influence parameters) between control and design. Some integrated design and control (IDC) methods have been proposed to deal with the two-way influence between control and design. They have been shown to be a more effective way to improve system performance than a sequential strategy [18-21]. Initial IDC methods were proposed for simple systems with one-layer design and control. However, these methods could not guarantee the optimality of engineering systems that include more than one layer of design and control. Gao et al. [22] developed an advanced IDC optimization strategy considering the system decomposition for a general engineering system, where the two-way influence between design and control has been examined for each layer. Although progress has been made to solve integrated design and control problems for an engineering system [23,24], few researchers have considered the effects of uncertainty (including internal variations, external disturbances, or measuring deviations). Traditional algorithms have strict requirements for optimization models and cannot ensure the global optimality of the results [25,26]. Alyaqout [18] used a gradient descent method to solve an optimization problem, but a multi-start points technique must be introduced to improve the global optimality. Compared with traditional gradient-based algorithms, intelligent optimization algorithms (e.g., Genetic algorithm (GA)) exhibits advantages in outputting global optimality and having few requirements for mathematical models. GA provides an effective and efficient technique for optimization and has advantages in getting the global optimal results among existing AI-based optimization methods [27]. Particularly for complex combinatorial optimization problems, GA outperforms other optimization algorithms [28, 29].
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 The rest of this work is organized as follows. Section II illustrates the IRDRC problem and presents its mathematical model. Section III applies the proposed strategy to a rocket flight attitude control (RFAC) system. Section IV presents the solutions steps of the IRDRC strategy and compares the results outputted by the IRDRC strategy, IDC strategy and the sequential strategy in Section V. Section VI summarizes the work by discussing the contribution of this research and future research direction.
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Fig. 1. The system decomposition of an engineering system A
Note that Λd and Λc represent the I-design-subsystem and I-control subsystem obtained after the decomposition of Λ; Λdd and dc represent the II-design-subsystem and II-control subsystem obtained after the decomposition of Λd; Λddd, Λddc represent the III-design-subsystem and III-control subsystem obtained after the decomposition of Λdd, etc.
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[bookmark: _Hlk32081749]Fig. 2.  The IRDRC problem of a two-layer engineering system
II. INTEGRATED METHODOLOGY
[bookmark: _Hlk41058355]A dynamic engineering system Λ may include multilayer structures and controls (see Fig. 1[22]).  Λ can be then divided into i-layer subsystems based on its function and structure. Each subsystem in layer i () may consist of a design subsystem and a control subsystem in layer i+1.
[bookmark: _Hlk60493733]The division process of a specific dynamic system mainly depends on the unique characteristics of the system’s structure and functionality, and is a process to establish an interaction relationship between subsystems based on the input and output parameters of the subsystems. For electro-mechatronic systems (such as a linkage system), its structure and control system may respectively represent the I-design-subsystem and I-control- subsystem; then, the control subsystem (such as motor) typically consists of its structure and controller. Particularly, the upper bound of the number of subsystems is 2i (i denotes the number of layers) in layer i, as not all subsystems in layer i-1 can be divided into design and control part [22]. For example, to a four-bar linkage system, the motor can be divided into its structure (II-design-subsystem) and a controller (II-control- subsystem), while the I-design-subsystem cannot be further decomposed. The maximum number of subsystems in layer i is thus taken only when each subsystem in layer k (k=1, 2, …, i-1) consists of two subsystems (design and control).
Simultaneous design of the structure and the controller of a system is sometimes necessary, as the structure of the system follows a modular architecture [30], which means that once a particular module is chosen, all the parameters that describe the module are determined, and these parameters may refer to different objectives [31]. However, the work in [31] does not include the robustness property in its design.
[bookmark: _Hlk41059581]We consider an engineering system with two layers to illustrate the optimization model using the IRDRC strategy. The IRDRC strategy optimizes the system considering uncertainty and the two-way impact between multi-layer robust design and robust control (see Fig. 2). Referring to robustness as “the ability to keep normal performance facing uncertainty”, or equivalently, “the ability to minimize the maximum adverse effects caused by the disturbance” (Eq. (2)), we optimize it by formulating a minimax problem such that the system performance is optimized under the worst case of uncertainty. This strategy integrates the objective functions 
TABLE I 
PARAMETERS IN THE IRDRC MATHEMATIC MODEL
	Notation 
	Interpretation

	F
	Objective function of the target dynamic system Λ

	findex
	Objective function of the subsystem Λindex

	βindex
	Weight of the objective function for the optimization of subsystem Λindex

	index
	Indicator of systems, =d, c, dd, dc, cd, cc

	rdc
	State function of the subsystem Λdc 

	rcc
	State function of the subsystem Λcc

	Xdd
	Design variables of subsystem Λdd, 

	Xdc
	State variables of subsystem Λdc, 

	Xcd
	Design variables of subsystem Λcd, 

	Xcc
	State variables of subsystem Λcc, 

	Udc
	Control input variables of subsystem Λdc, Udc

	Ucc
	Control input variables of subsystem Λcc, Ucc

	Uc
	Control input variables of subsystem Λc, Uc

	Xd
	Variables in the optimization problem of the subsystem Λd, , 

	Xc
	Variables in the optimization problem of subsystem Λc,, 

	
	Parameters used in the optimization for Λindex. , , . The value of elements in  depend on the uncertainty, which can be shown as .

	
	Parameters’ fluctuation compared to , 

	
	Equality constraints in the optimization problem of the subsystem Λindex

	
	Inequality constraints in the optimization problem of system Λindex

	
	The value of • is influenced by the uncertain parameters

	I
	Influence parameters without considering uncertainty

	
	Influence parameters between subsystems considering the uncertainty

	
	Influence parameters from subsystem Λd to subsystem Λc considering the uncertainty

	
	Influence parameters from subsystem Λc to subsystem Λd considering the uncertainty

	
	Influence parameters from subsystem Λdd to subsystem Λdc considering the uncertainty

	
	Influence parameters from subsystem Λdc to subsystem Λdd considering the uncertainty

	
	Influence parameters from subsystem Λcd to subsystem Λcc considering the uncertainty

	
	Influence parameters from subsystem Λcc to subsystem Λcd considering the uncertainty



of subsystems to obtain systematic optimization using a set of weights, with decision variables (i) design variables Xd, (ii) control variables Xc, and (iii) inner interaction parameters .
With the employed parameters interpreted in Table I, the IRDRC optimization model is developed as follows:

                                                              (1)
subject to
Objective functions of subsystems:

                                                      (2)

[bookmark: _Hlk33278632]                                                      (3)
[bookmark: _Hlk57328375]State equations of control subsystem:

                                                                (4)

                                                              (5)
[bookmark: _Hlk33278647][bookmark: _Hlk57328494][bookmark: _Hlk57328801]Equality constraints in subsystems:

,

                                                          (6)

      ,

                                                          (7)
[bookmark: _Hlk57328821]Inequality constraints in subsystems:

,

                                                         (8)

,

                                                        (9)
[bookmark: _Hlk57328988]Impact parameters between two I-subsystems:

                                                              (10)

                                                          (11)
Influence parameters between two II-subsystems:

                                                              (12)

                                                         (13)

                                                              (14)

                                                         (15)
where


,                                                 (16)


,                                                       (17)          

                                                      (18)
III. Model’s Application
We apply the IRDRC strategy to a rocket flight attitude control system, which is a typical engineering system with two layers (see Fig. 3), and its objective is to realize the stability of the flight attitude of the rocket in three dimensions (i.e., pitch, yaw, and row) [28]. The main uncertain parameter in the system is the hinge moment generated by the unit rudder angle, i.e., Mδ.

[image: ]
Fig. 3.  The IRDRC problem of a rocket flight attitude control system 

[bookmark: _Hlk41853490]TABLE II
PARAMETERS IN THE OPTIMAL MODEL OF THE RFAC SYSTEM
	Notation 
	Interpretation

	idd
	Reduction ratio of deceleration devices

	
	Motor input voltage

	I
	Motor input current

	[bookmark: _Hlk41769888]Mτ
	Rudder hinge movement in terms of unit deflection angle 

	Jδ
	Rotor inertia of moving elements of motor shaft

	T
	[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Motor output torque, T(t)[T1, T2]

	ω
	Motor angular velocity, ω(t)[ω1, ω2]

	M
	Rudder hinge moment for the motor shaft

	[bookmark: _Hlk41579469]kdp
	Proportional gain of the PID controller in the actuator system

	kdi
	Integral gain of the PID controller in the actuator system

	kdd
	Derivative gain of the PID controller in the actuator system

	εδ
	Error of rudder deflection angle response

	τd
	Desired rudder deflection of pitch channel

	τφ
	Actual rudder deflection of pitch channel

	kdp
	Proportional gain of the PID controller in the attitude control

	kdi
	Integral gain of the PID controller in the attitude control

	kdd
	Derivative gain of the PID controller in the attitude control

	φc
	Programming pitch angle

	φ
	Actual pitch angle

	ε
	Pitch angle response error

	m
	Mass of the rocket

	V
	Centroid velocity of the rocket

	l
	Length of the rocket

	C
	Normal force coefficient derivative generated by the rudder angle of pitch channel

	q
	Dynamic pressure of pitch channel

	
	Reference area

	P
	Engine thrust

	
	Trajectory inclination angle

	
	Stability moment coefficient derivative of pitch channel

	
	Damping moment coefficient derivative of pitch channel



Figure 3 shows the system decomposition of an RFAC system and its IRDRC problem. The attitude control in one dimension is formulated for illustration and its optimization objectives including: (1) I-control-subsystem (attitude controller): minimizing the pitch angle response error; (2) II-control-subsystem (actuator controller): minimizing the rudder deflection angle response error; (3) II-design-subsystem (actuator structure): minimizing the actuator power consumption. 
The notation of parameters used in this section is presented in Table II.
The mathematical models in Part A1 (II-design-subsystem), A2 (II-control-subsystem), and B (I-control-subsystem) respectively optimize the three subsystems. The sequential strategy optimizes the subsystems A1, A2, and B, sequentially. In contrast, the IRDRC strategy performs the optimization simultaneously (Part C), considering the impact of two-layer design and control.
Optimization of The Actuator Subsystem:
The robust design of the actuator aims to minimize the power consumption (Part A1) and minimize the rudder deflection angle response error (Part A2), which is under the worst case caused by the uncertainty of Mτ. 
A1. Robust Design of Actuator Structure
The objective of the robust design of the actuator structure is to minimize power consumption [32]. We formulate the optimization problem as:

                                                             (19)
subject to

[bookmark: _Hlk60560939]                                                                                 (20)

                                                                   (21)

                                                                (22)

                                                         (23)       

                                                                                 (24)

                                                                          (25)

                                                                         (26)

                                                                          (27)
[bookmark: OLE_LINK68]The sign of M depends on the relative height of the pressure center and rotation center [24]. The influence parameter from the attitude controller is φ, and the parameter from the actuator controller is .
[bookmark: _Hlk41847235]
A2. Robust Control of Actuator controller 
[bookmark: _Hlk41579308][bookmark: _Hlk41772425][bookmark: _Hlk41773023]A proportional integrate derivative controller is used in the actuator controller. The influence parameters from the actuator structure design are and . The objective of the robust actuator control is to minimize the error of initial input angle of the actuator controller under the worst case caused by uncertain parameters :

                                                              (28)
subject to

                                                  (29)

[bookmark: _Hlk33652666][bookmark: _Hlk60565084]                                                                (30)

                                                                    (31)                                                       
Optimization of Attitude Controller 
[bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: _Hlk59720613]The objective of the optimal attitude controller is to minimize the error of the Attitude Controller (i.e., the rocket flight attitude response). The parameters from the actuator system to the attitude control system are  and . PID controller is also used in this controller and the robust attitude control problem is formulated as:

                                                                (32)
subject to

                                                     (33)

                                                                       (34)

                                            (35)

                                                                     (36)

                                                                     (37)
In the attitude control problem, the uncertain parameter in the robust control of attitude controller is , and  is generated by the variance of . b1, b2, b3, c1, c2, and c3 are used to describe the state of rocket dynamics, and their values are determined by aerodynamic and structural parameters:

                                                                  (38)

                                                                         (39)

                                                                         (40)

                                                                      (41)

                                                                      (42)

                                                                       (43)
Integrated Robust Design and Robust Control of the RAFC System
Combining the optimization models of robust design and control subsystems in sections A and B, the objective of the IRDRC strategy is to jointly optimize the attitude controller, the actuator structure, and inner controller of a RAFC system, taking into consideration of the worst case caused by the uncertainty. We formulate the optimal IRDRC strategy for a RAFC system as:

                                    (44)
subject to the constraints: Eq. (20-27, 29-31, 33-43)
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	(a) sequential strategy

	[image: ]         
	                         [image: ]

	b) IDC strategy [22]
	(c)IRDRC strategy


Fig. 4.  The structure of the sequential strategy, IDC strategy, and IRDRC strategy
[image: ]
Fig. 5. Flow chart of the IRDRC strategy
The variables, parameters, and interactive parameters are summarized as follows:
Variables:

[bookmark: _Hlk33260143][bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: _Hlk60564321][bookmark: _Hlk60568654]Xd=(idd , kdp, kdi, kdd) T, Xc= (kcp, kci, kcd)T                                             (45)
Parameters:
[bookmark: _Hlk41845003][bookmark: _Hlk41838203][bookmark: OLE_LINK49][bookmark: OLE_LINK50]      Pd= (τd, I, Mτ, Jτ, T1, T2, ω1, ω2, M )T, Pc=(c(t), I) T                                   (46)
Interactive parameters:
 =  , φ,= (,)T, dc= () T                                        (47) 
The interactive parameters are determined by the variables and parameters in subsystems:           

                                                                                 (48)


                                                            (49)

                                                              (50)

                                                          (51)
As formulated, the initial uncertain parameter is  and its uncertainty propagates to other parameters by the two-way interaction between subsystems.
IV. PROBLEM OPTIMIZATION SOLUTION
[bookmark: _Hlk62675374][bookmark: _Hlk62675983]    The IRDRC strategy, IDC strategy [16], and sequential strategy are used to describe the optimization problem of a RAFC system (see Fig. 4); in particular, the uncertainty of parameters in the IRDRC strategy and sequential strategy is considered. Figure 5 shows the flow chart to solve an IRDRC problem. To the RFAC system optimization, the sequential strategy considers the uncertainty and optimizes the II-design--system, II-control-subsystem, and I-control-subsystem sequentially; the IDC strategy optimizes the subsystems simultaneously considering the impact parameters between subsystems. It can obtain a system-level optimum, but the system robustness is not addressed; while the IRDRC strategy can realize a robust design and control by optimizing the performance under the worst case of parameters, and can achieve a systematic optimal result. Please note that Icd in Fig.4a is not randomly initialized, where the value of each of its elements is pre-given according to the experts’ knowledge and experience.

TABLE III
THE OPTIMIZATION RESULTS WITH THREE STRATEGIES (SEQUENTIAL STRATEGY, IDC STRATEGY, AND IRDRC STRATEGY)
	Description
	Experiment 1
	Experiment 2
	Experiment 3
	Experiment 4

	Strategy
	Sequential strategy
	IDC strategy
	IRDRC strategy
	IRDRC Strategy

	Robust (Y/N)
	Y
	N
	Y
	Y

	Algorithm
	GA
	GA
	GA
	SQP

	Objective F= 0.1 fd+0.9 fc
	0.2191
	0.1609
	0.1724
	0.1746

	Worst F
	0.2739 
	---
	0.1925
	0.1918 

	Actuator Power Consumption (kw), fdd
	11.4816 
	5.7621 
	5.8264
	5.8320 

	Rudder Deflection Angle Response Error (rad), fdc
	0.1416 
	0.1415 
	0.1590
	0.1589 

	Worst fdd
	13.1455 
	---
	6.0183
	6.0224 

	Worst fdc
	0.2637 
	---
	0.1601
	0.1641 

	Actuator Performance fd= 0.05fdd +0.95fdc
	0.7086
	0.4225
	0.4424
	0.4425 

	Worst fd
	0.9086 
	---
	0.4530
	0.4539 

	Pitch Angle Response Error (rad), fc
	0.1647 
	0.1318
	0.1424
	0.1448 

	Worst fc
	0.2065 
	---
	0.1636
	0.1644 

	Reduction Ratio of Actuator, idd
	446.7242 
	136.5955 
	187.6925
	187.6927 

	Proportional Gain for Actuator Controller, kdp
	8.5943 
	6.5339 
	8.0687
	8.0678 

	Integral Gain for Actuator Controller, kdi
	0.0195 
	0.2569 
	1.6490
	1.6463 

	Derivative Gain for Actuator Controller, kdd
	0.3545 
	0.0456 
	0.0082
	0.0103 

	Proportional Gain for Attitude Controller, kcp
	0.9654 
	0.8387 
	1.0213
	1.0230 

	Integral Gain for Attitude Controller, kci
	0.3805 
	0.0259 
	0.0523
	0.0465 

	Derivative Gain for Attitude Controller, kcd
	0.0103 
	0.0042 
	0.0018
	0.0011 

	Computation time(min)
	1.3 
	2.6 
	3.5
	2.9




The proposed IRDRC strategy begins with the calculation of the worst case under uncertainty, i.e., maximize the value of the objective functions under uncertain parameters. Based on this worst case, this strategy then optimizes the system performance and identify the value of decision variables. Compare with the existing sequential strategy and IDC strategy, the IRDIRC strategy considers both the two-way impact between subsystems and the worst case caused by uncertain parameters. The optimal model is closer to real cases. 
[bookmark: _Hlk41852466]The sequential strategy, IDC strategy, and IRDRD strategy are nonlinear programming (NP) problems with multiple equality and inequality constraints. The GA algorithm has been proved as one of the most effective algorithms to solve such NP problems, and has been implemented in many packages for different programming languages. We use the “gatool” in MATLAB to output the optimal results for three strategies. The fitness function of the optimization problem is the objective function. 
V. Discussions
[bookmark: _Hlk41854369][bookmark: _Hlk41854197]This section shows and compares the optimal results of three strategies. The data of the target RAFC system is adopted with pre-treatment for confidentiality. The weights of objective functions are set according to the previous research [22], where =0.1, =0.9, =0.05, =0.95. The results of using a sequential strategy, IDC strategy, and IRDRC strategy are shown in Table III.
We firstly make a comparison between the sequential strategy and the IRDRC strategy. The difference between the two strategies is whether examining the two-way impact between subsystems; in particular, the sequential strategy only considers the one-way influence from design to control. It can be seen from the table that the optimization performance of objective function using the IRDRC strategy is better than that using a sequential strategy under the same uncertainty. The optimized F under the worst case using the IRDRC strategy under uncertainty is 0.1724, while the counterpart of the sequential strategy is 0.2191. This advantage of IRDRC is also found in most of the objective functions of subsystems. It proves that the optimal results outputted by the IRDRC strategy are more robust than those outputted by the sequential strategy. One exception is the optimal results for the actuator controller (i.e., the rudder deflection angle response error); the actuator controller performance using a sequential strategy (0.1416) is better than that using IRDRC strategy (0.1590). This is because we make an optimal design of actuators firstly in the sequential strategy without considering the influence of control on design, which means a sequential strategy gives priority to the design part. However, the better result of one subsystem cannot guarantee the system-level optimization, as we can see that the system performance in IRDRC strategy is much better than that in a sequential strategy.
The comparison of the results between the IDC strategy and the IRDRC strategy is used to illustrate the influence of uncertain parameters on the optimal results. The IDC strategy assesses the impact parameters between multiple subsystems considering system decomposition, but this strategy has limitations in its application because of the ignorance of unavoidable uncertainty. No results under the worst case have been outputted in the experiment of IDC strategy. The IRDRC strategy is developed based on the IDC strategy, where the uncertain parameters are considered to improve the system robustness facing uncertain parameters. It can be seen from Table III that using the IRDRC strategy outputs the worse system performance than using the IDC strategy, e.g., the optimal system performance of IDC is 0.1609, which is better than that outputted by the IRDRC strategy (0.1724). It is caused by that the IRDRC strategy performs the optimization based on the worst case of system condition, not a nominal condition (IDC strategy). Based on the results, designers are advised to use the IRDRC strategy to output a more practical result for an engineering system, instead of an IDC strategy. Table III also presents the results of IRDRC using SQP solution (a gradient- descent based method), which proves the effectiveness of the proposed approach. Compared with the SQP method, GA outperforms in the global optimality although it cost more computable efforts.
We compare the response of three subsystems using the sequential strategy, the IDC strategy, the IRDRC strategy, respectively. As shown from Fig. 6 to 8, the response of three subsystems followed a similar trend, but integrated strategies (IDC and IRDRC) yielded a faster response with no overshoot than the sequential strategy. But integrated strategies have low efficiency in computation; they require more time for computation. The IDC strategy performs more quickly and more smoothly than the IRDRC strategy because the uncertain parameters increase the computation load.  
[bookmark: _Hlk60086762][bookmark: OLE_LINK62][bookmark: _Hlk41870716][bookmark: _Hlk62678216][bookmark: _Hlk41874195]Designers may select the proper optimization strategy according to the characteristics of the target problem. Several insights are summarized as follows: (1) The integrated strategies (IDC or IRDRC) output better systematic optimization results than sequential strategy. If the system-level optimization is desired in a real-world problem; integrated strategies are suggested for designers. (2) The sequential strategy may yield better performance for subsystems, especially for the design subsystems. A sequential strategy can be applied when the optimization of the I-design-system subsystem is much more significant than other subsystems. (3) Third, the IRDRC strategy realizes a more robust system than the sequential strategy. Using the IRDRC strategy can obtain system-level optimization and high system robustness simultaneously. 
[image: ]
Fig. 6. Power response comparison
[image: ]
Fig. 7. Rudder deflection angle response comparison
[image: ]
Fig. 8. Pitch angle response comparison
VI. Conclusion
To improve the robustness of a system performance facing uncertainty and ensure better optimality, this paper proposes an integrated robust design and robust control (IRDRC) strategy for a general engineering system, using the GA algorithm. The proposed approach is applied to a rocket flight attitude control system to test its effectiveness. The results show that the IRDRC strategy outperforms existing sequential strategies and integrated design and control (IDC) strategies, considering the system-level optimization and system robustness; also, the AI-based GA algorithm has better global optimality compared with traditional optimization algorithms. The main contribution of this research is that the proposed approach improves the system robustness than sequential strategies; moreover, this method outputs more reliable results than the IDC strategy due to involving potential uncertainty.
[bookmark: _Hlk59560586]We plan to explore the application of IRDRC strategy in the area of service systems in future studies. For a service system, the control and design of the I-layer mean its operation subsystem and infrastructure subsystem, respectively. The I-layer subsystems are then divided into II-subsystems based on the system function and structure. For example, the infrastructure subsystem may consist of the physical structure (II-design-subsystem) and electronic control (II-control-subsystem). The application of IRDRC strategy may bring some novel insights for the optimization of service systems.
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