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ABSTRACT: The objective of the paper is to design the robust discrete H∞ controller for dc motor position control 
using Frequency-Domain Robust Controller Design Toolbox. In this paper, the time performance characteristics of 2nd 
and 3rd order controller has been compared by taking dc motor as a design example.  The paper aims at demonstrating 
and simple modelling and robust discrete control synthesis strategies. 
 

KEYWORDS: transfer function, discrete systems, robust control, mixed sensitivity, H∞ controller synthesis, weighting 
functions. 

I. INTRODUCTION 

The Robust Control is very popular and powerful area. Robust control methods aim to design a controller for an 
uncertain model belonging to a bounded set. A large amount of research papers and books have been published in this 
subject and research is still in progress to develop new algorithms with less conservatism[18]. The conservatism can be 
related to the uncertainty modeling, specially during conversion of one type of uncertainty to one that can be treated by 
the robust control design algorithm[16]. 
 
The most efficient and established algorithms for robust control analysis and design are gathered in Robust Control 
Toolbox of Matlab together with additional commands for closed-loop and controller structure definition, weighting 
filter design for performance and uncertainty and controller reduction commands[2][4]. The main robust control 
synthesis commands are used for H∞ loop shaping, optimal H∞ control, μ-synthesis [1] and H∞ fixed-structure 
controller tuning. In this paper, the frequency domain robust controller toobox is used for designing the robust fixed 
order controller. The Frequency-Domain Robust Controller Design Toolbox [16] is a tool for finding the robust 
linearized parametric controllers in Nyquist plot. It can be used to design linearly parametric controllers of any order 
for parametric as well as for non parametric models. 

It should be mentioned that the Frequency-Domain Robust Control (FDRC) toolbox is available for free in [8]. This 
toolbox can be used to compute H∞ decoupling controllers for MIMO systems as well as gain scheduled controllers 
based on [16] and [17], respectively. It can also be used for PID controller design with constraints on the gain margin, 
phase margin and the crossover frequency [15]. However, in this paper we do not aim to presents all obtains and 
abilities of this toolbox and we limit ourself to robust controller design for SISO systems with H∞ performance. 
 
The paper is organized as follows. Next section recalls the H∞ controller framework. Then, section III shows the 
introduction of Frequency Domain Robust Controller Toolbox. The section IV describes the design model of Dc motor.  
Then, the simulations and results have been presented. 
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II. H∞ CONTROLLER 

Generally, the model has many uncertainties due to disturbances, parametric variations, noises and so on. Therefore, 
several robust control methods are available to solve above problems[3][11]. H∞ control theory can be one of the most 
powerful solutions for such problems. It is the method in control theory for optimal controller design.  

It is known that the H∞ control is an effective method for attenuating disturbances and noise that appear in the system. 
The “H” stands for Hardy space. “Infinity” means that it is designed to accomplish minmax restrictions in the 
frequency domain[3][11]. The H∞ norm of a dynamic system is the maximum amplification that the system can make 
to the energy of the input signal[12]. In this paper, a method for discrete robust controller for an electromechanical fin 
servo system of a missile is presented. In the mixed sensitivity H∞ design method, which utilizes the sensitivity 
function S(z) and the complementary sensitivity function T(z). The mixed sensitivity H∞ design method is expressed 
as:  

IzTzS  )()(
                                                     (1)  

Our aim is to find the discrete controller K that minimize the weighted sensitivity and weighted complementary 
sensitivity function over different frequency ranges.[10] This can be expressed in terms of linear fractional 
transformation ܨ(ܲ,ܭ) where P is generalized plant i.e nominal plant and their weighting functions and K is controller. 
The block diagram is shown in Fig. 2. 

 
Fig. 1   Block diagram of linear fractional transformation 

In fig.1., it shows the block diagram for the linear fractional transformation of the generalized plant with the robust 
controller. 

Here, the generalized plant comprises of nominal plant and its associated weighting functions. The sensitivity 
weighting function given by W1. This weighting function is used to limit the magnitude of the sensitivity function 
within a particular frequency range. This is performance function (measure) in the controller synthesis.[3][9] 

Whereas the complimentary sensitivity weighting function given by W2 , which is used to limit the magnitude of T 
within particular frequency range. This is robustness weighting function in the controller synthesis.[3][9][12] 

The weighting functions are such that the control performance specifications are satisfied as gven in TABLE I. 
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TABLE I: THE CONTROL PERFORMANCE OBJECTIVES FOR THE POSITION CONTROL 

 

 

 

In table I, the required  time domain performances for the plant with the controller are given. These are the objectives to 
be accomplished. 
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So, the definition is modified as : to find the controller k such that the H∞ norm of weighted sensitivity and weighted 
complementary functions are minimized over some frequency range[3] i.e. 
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III. FREQUENCY-DOMAIN ROBUST CONTROLLER  TOOLBOX 

The Frequency-Domain Robust Controller Design Toolbox is a tool for designing robust linearly parameterized 
controllers in the Nyquist diagram[16][17]. It can be used to design linearly parameterized controllers of any order for 
parametric models or nonparametric models obtained for example by the identification toolbox of MATLAB[19]. The 
robust controllers are designed in terms of H∞ performance or classical robustness margins such as the gain and phase 
margin, for single/multi-model, SISO/MIMO systems. The toolbox also supports designing gain-scheduled controllers.  
 
In all of design cases, linear or convex optimization problems are solved[16]. For linear and quadratic optimization the 
well-known linprog or quadprog (depending on the problem) commands of the Optimization toolbox of MATLAB are 
used[17]. While convex optimization problems are formulated with YALMIP [21] and can be solved with all available 
solvers. Many commands of the Control toolbox of MATLAB are used as well. The procedure of design comprises 
three steps. First the type (or structure) of the controller is determined.Then the desired performance characteristics are 
specified, and finally a controller with the desired type and required performance is designed. In the following comes a 
brief description of these three steps with corresponding commands. 

IV. DESIGN EXAMPLE 

The design model chosen for this case is of dc motor. The position of the dc motor is to be controlled using robust H∞ 
controller. The discrete model is represented in state space form: 

Rise 
time(sec) 

Settling 
time(sec) 

Overshoot% Steady 
state 
error 

Permissible 
input voltage 

< 0.5 sec < 1 sec < 5% < 1% +/-10V 
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Where u(k) and y(k) denote the model input and output respectively and x(k) is the state vector of  the system at time 
instant k. 

V. SIMULATION AND RESULTS 

A . Design Of H∞ Controller 

The robust H∞ controller has been shown in table II. These pulse transfer functions have been found out from the 
frequency domain robust controller toolbox. In table, the time domain performance characteristics of the different order 
controllers have been compared. It can be seen that the overshoots of the 2nd order controller is 4.11% as compared to 
3rd order controller which is 2%.  

TABLE II: CONTROLLER OF DIFFERENT ORDERS 

 

 

 

 

 

In table II, the pulse transfer functions for different order of controllers are given which are found from the toolbox. 

B. Comparison Of Time Domain Characteristics Of Two Different Order Controllers 

Now, the time domain characteristics of two different controllers based closed loop system are compared and analyzed 
as shown in table III. By reducing the order of the controller to 2, the response is still satisfactory. The advantage of 2nd 
order controller is that the cost and complexity is also reduced. The figure 2 shows the closed loop response for dc 
motor position control system. The two curves show the system with robust 2nd and 3rd order discrete controller. 

TABLE III:PERFORMANCE SPECIFICATIONS 

Characteristics 2nd order  3rd order 
      Rise time 0.52 seconds 0.01seconds 
     Settling time 3seconds 0.3seconds 
    Settling min 0.9364 0.01 

    Settling max  1.0411         0.23 
    Overshoot  4.11% 0% 
      Peak   1.0411 0.5 

     Peak time   1.9seconds         1seconds 

In table III. The time domain performances are given for both the type of controllers with the plant.  
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Fig 2 Step response of fixed order discrete controller for the dc motor position control 

In fig.2., it shows the step response of fixed order i.e. 2nd and 3rd order discrete controller for the position control of the 
dc motor . 

VI. CONCLUSION 

The modelling and design of a fixed order discrete time H∞ controller for the DC motor position control has been 
demonstrated with available modelling and control synthesis. The results show that 3rd order as well as 2nd order 
controllers have attained all the desired performance with the simplest hardware requirements for implementation. The 
design has been executed by using Frequency Domain Robust Controller Toolbox. 
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