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Abstract: This paper studies the performance of networked control systems with a receding horizon controller. It is also assumed that 

there exists exogenous noise signal in feedback channel, modeled as a stochastic process. The impact of this noise on the closed-loop 

system performance is examined through both theoretical analysis and numerical experiments. An adaptive compensator is proposed to 

assist the original receding horizon controller. The performance of this solution is verified through simulation. 
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1. INTRODUCTION 
With the advance of communication technology, the concept 

of networked control system is becoming more and more 

popular both in academia and industry. When a traditional 

feedback control system is closed with a communication 

channel (for example, wireless network), which may be 

shared with other nodes besides the control system, then the 

control system is termed as a networked control system 

(NCS).  A typical networked control system has four basic 

components: sensors, controllers, actuators and 

communication channel. Networked control system has many 

advantages over traditional control systems, for examples, it 

enabled the execution of several tasks from long distance; the 

complexity and maintenance cost of the system is potentially 

lower because of elimination of unnecessary wiring; 

upgrading or modifying components becomes relatively easy 

and low-cost. However, these advantages do not come for 

free. There are also technical challenges that come with the 

networked control system, which gave rise to important 

research topics.  

 It is well known that when sensors and actuators 

communicate with a remote controller over a possibly noisy 

communication network, estimation as well as controller 

design becomes challenging [1]. For example, stability of the 

closed loop requires additional conditions on the 

communication channel used. In [3, 4, 5, 8], it is pointed out 

that the capacity of communication channel in the feedback 

loop should be lower-bounded to guarantee closed-loop 

stability.  [6, 9, 10, 13, 14] studied the performance limitation 

of control system and related it to the information content in 

the feedback channel.  Various coding schemes for networked 

control are studied under different channel assumptions [2, 

11]. Event-triggered control is also proposed [7, 12, 15, 16, 

17] which can save transmission bandwidth while maintaining 

closed-loop stability.  

In this paper we are interested in the performance of a 

networked receding horizon controller, also known as model 

predictive control. It is assumed that there exists exogenous 

noise signal in feedback channel which corrupts the 

measurement. In this study package drop, delay and 

quantization effects are ignored to avoid unnecessary 

complexity. This setup is very realistic since model predictive 

control is widely used in industrial applications, noisy signals 

in communication network is also quite common.  We studied 

this scenario with both theoretical analysis and numerical 

experiment, an adaptive compensator is also proposed to 

improve the performance of the original receding horizon 

controller. 

The rest part of the paper is organized as follows: in section 2 

the problem formulation is presented. Section 3 describes the 

modified MPC algorithm with adaptive compensator, 

experiment results are in section 4 while section 5 summarizes 

this study.   

2. PROBLEM FORMULATION 

2.1 Model predictive control over 

communication channel 
Model predictive control refers to a class of control 

algorithms that rely on an explicit plant model to predict its 

future response. At each control interval an MPC algorithm 

attempts to optimize future plant behavior by computing a 

sequence of future control variable adjustments. The first 

input in the optimal sequence is then sent to the actuators, and 

the entire calculation is repeated at the next time intervals. 

Originally developed to meet the specialized control needs of 

power plants and petroleum refineries, MPC technology are 

now very popular in a wide variety of application areas 

including chemicals, automotive, and aerospace applications 

[18,19,20]. 

Figure.1 shows a closed-loop system with model predictive 

control and noisy feedback channel over the network.  We 

consider the case when the plant is linear, the equation that 

describe the system dynamics is: 

 (   )    ( )    ( )                  (1) 

Assume that the noise that corrupts the state measurement is 

i.i.d. Gaussian, denoted as  ( ), the model predictive control 

problem can be formulated as 

    ∑  ( ( )  ( ))   
                         (2) 

  ( ( )  ( ))                       (3) 

 (   )    ( )    ( )           -1, 

   ( )       (4) 



International Journal of Science and Engineering Applications  

Volume 2 Issue 6, 2013, ISSN-2319-7560 (Online) 

www.ijsea.com  116 

 

Here    is the noisy state measurement at time t.  

 

Figure.1 Model predictive control over noisy 

communication network. 

2.2 Effect of exogenous noise on 

performance 
The noise in the feedback channel has a negative impact on 

the performance of closed-loop system. With the noise  ( ), 
the initial state    at time t is no longer accurate. Optimization 

based on this inaccurate initial state may lead to sub-optimal 

control sequences in the following time steps. This sub-

optimal control gives rise to deterioration of closed-loop 

performance. 

3. MODIFIED MPC ALGORITHM 
In this section we propose a modification of the original 

model predictive control framework. This is achieved by 

adding an adaptive compensator to the original design, as 

depicted in Figure 2. Note that there is no noisy feedback 

channel in this figure. This compensator is actually an 

adaptive controller that helps the model predictive controller 

by adaptively correcting the state error in the measurement.  

 

Figure. 2  Modified model predictive control with adaptive 

compensator 

The adaptive controller takes both the reference signal and 

measured noisy state as input, with a high-gain adaptive law, 

it can track the state changes and generate a proper control 

action that adds to the control action of the MPC controller to 

compensate the effect of measurement noise. In the next 

section we use experiments to show the effectiveness of the 

proposed approach. 

Some theoretical analysis needed. 

4. SIMULATION 
In this section we use a simple example to illustrate the 

modified model predictive control approach we proposed. For 

a linear time invariant dynamical system with transfer 

function 

 ( )   
   

                
                     (5) 

 

we consider a tracking task where the objective is to make the 

output of the dynamical system track a given sinusoidal 

reference signal  ( )     (
 

 
 ) . The output  ( ) is also 

measured and sent to a model predictive controller through 

noise-corrupted communication channel. The noise is 

modeled as i.i.d. Gaussian with zero mean and variance value 

5. 

The model predictive controller has a sampling period of 0.1 

second. We chose a prediction horizon of 60 steps and a 

control horizon of 1 step. Quadratic functions are used as 

objective function of the resulting optimization problem: 

 (   )   ∑ (( ( )   ( ))  ( ( )   ( ))    
   

 ( )   ( ) )                   (6) 

Here  ( ) and  ( ) are the output and the sinusoidal reference 

signal, respectively. We implemented this control solution 

using MPC toolbox from MATLAB.  Our proposed modified 

MPC is also implemented with a carefully tuned adaptive 

control block. Here we made the assumption that the initial 

condition of the controlled plant is known to the adaptive 

controller. 

The performance of these two control solutions are compared 

in Figure.3. It can be observed that the output of modified 

MPC is much better. 

 

Figure 3. Comparing the tracking performance of 

traditional MPC and proposed modified MPC 

We also test the two control solutions with a square wave 

reference input. With large noise in the feedback channel, 

regular MPC cannot track the steps very well. Using the 

proposed modified MPC the tracking performance is much 

better, as depicted in Figure 4 and Figure 5, respectively.  

 

Figure 4.Tracking performance of regular MPC with 

square wave as reference input. 
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Figure 5.Tracking performance of proposed MPC with 

square wave as reference input. 

 

5. CONCLUSION 
In this paper we studied the receding horizon model based 

control (MPC) when the state measurements are obtained 

through noisy communication channel.  A modified MPC 

controller is proposed which use an extra adaptive controller 

to compensate for the exogenous noise. Experiment results 

show that the proposed method outperforms regular MPC 

solution in typical output tracking application.  
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