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Abstract— In context to feedback control system, the 

problem of state estimation for a class of nonlinear systems 

with measurement noise is studied. It is well understood that 

when implemented in feedback loop, the high gain observers 

are sensitive to measurement noise but are robust to model 

uncertainity. A trade-off always exists between fast state 

reconstruction and attenuation of measurement noise. A 

nonlinear gain approach can be used to overcome this trade-

off between fast state reconstruction and measurement noise 

attenuation. In presence of measurement noise, the 

estimation error can be   noticeably compromised if the 

observer gain is chosen too large. To achieve this, a high 

gain of the observer is used in transient state and lower gain 

is generated when steady state is reached. The effect of 

noise on the steady state performance is reduced by reducing 

the observer gain after achieving satisfactory state estimates. 
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I. INTRODUCTION 

In state estimation and output feedback control of nonlinear 

systems, High gain observers have developed an important 

topic. In [1] the problem addressed is of state estimation for 

a class of nonlinear systems with measurement noise. In 

absence of measurement noise, this technique robustly 

estimates the derivatives of the output while achieving fast 

convergence. The purpose of the work in [1] is to construct 

a high gain observer containing a nonlinear gain that takes 

the form of a piecewise linear function with two distinct 

linear regions. The sections are chosen to correspond to the 

desired transient and steady state responses, respectively. By 

constructing the observer gain in this manner, we can 

achieve fast state estimation and reduced steady state error. 

It is known that the high-gain observers are much sensitive 

to the measurement noise. A high-gain observer is 

constructed containing a nonlinear gain that takes the form 

of a piecewise linear function with three distinct linear 

regions [2]. The innermost section of the function is 

designed to accelerate the transition between the desired 

transient and steady state observer gains.  The outermost 

sections are chosen to correspond to the desired transient 

and steady state responses, respectively. 

The sort of compromise, trade-off between state 

reconstruction and estimation error, does not exist when the 

primary interest is in the system tracking error. In [3] by 

constructing the system transfer functions from noise to the 

tracking errors it is argued that the error and its first 

derivative are bounded uniformly in “e”. By some 

simulation studies, it has been shown that the effect of the 

measurement noise on the tracking error is significantly less 

than the effect manifested in the estimation error. 

It has been studied till now that the steady sate 

estimation error has a component due to modeling 

uncertainity which can be attenuated by increasing the gain. 

But the error also has a component due to measurement 

noise that is amplified by increasing the gain. The purpose 

of [4] is to provide analysis for the nonlinear gain approach. 

The nonlinear gain approach bypasses the complications 

associated with switching, with not much appreciable 

degradation in the performance. In nonlinear gain approach 

[4], the idea of including the dead-zone nonlinearity in the 

high gain observer is to achieve a large gain when the 

estimation error is outside of the dead-zone and the system 

is still in the transient phase. This allows the state 

estimations to reach the true-state values significantly fast. 

The error is inside the dead-zone and the observer gain is 

small, when the estimation error is sufficiently small. This 

attenuates the measurement noise. The various difficulties 

that exist in applying the high gain observer in feedback 

control system are discussed in [5]. The paper surveys 

recent results on the nonlinear separation principle, 

conditional servo-compensators, extended high-gain 

observers and performance in the presence of measurement 

noise. Here a study has been done to improve the state 

reconstruction by reducing its trade-off with the robustness 

to model uncertainity. 

The problem of output feedback control of a 

nonlinear system with the high gain observer in presence of 

measurement noise is dealt in [6]. Here, it is shown that the 

state estimation error contains one term due to modeling 

uncertainty proportional to the observer parameter “e" and 

another containing the noise inversely proportional to 

“    ” where n is the observer dimension. In [6] a study has 

been done to explore the trade-off between fast 

reconstruction of the states and rejection of the modeling 

error versus the immunity to measurement noise. This is 

achieved by the use of high gain during the transient to 

quickly recover the state estimates. The system is switched 

to second gain, after the estimation error has reached a 

steady-state value, to reduce the effect of measurement 

noise. When the output estimation error reaches a 

predetermined zone, the switching of the gain to a low value 

is done. 

Reference [7] is an extension of Aldaheri and 

Khalil (1996). Here sensor dynamics is considered in 

addition to actuator dynamics. For any globally bounded 

stabilizing state feedback control, the closed loop system 

performance can be recovered by a sufficiently fast high 

gain observer in the presence of fast actuator and sensor 

dynamics. It is shown that the sensor dynamics should be 

sufficiently faster than the observer dynamics. The actuator 

dynamics should be sufficiently fast relative to the dynamics 

of the closed-loop system under state feedback but they need 

not be faster than the observer dynamics. A non-linear 

robust output feedback control is designed for the model of 

an induction motor in [8]. The control uses only 

measurement of the rotor position and stator currents. This 

paper has proposed a nonlinear control method for speed 

regulation of Induction motors. Flux measurement is not 

required as it uses position measurement in opposition to the 

speed measurement. The use of feedback provides integral 

action that guarantees zero steady state error when the speed 
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reference and load torque are constant. Measurement noise 

has not been considered in [8].  

This paper is study of the high gain observer in 

feedback nonlinear control system. A simple nonlinear 

system is considered as in [1] and the steps of the selection 

of observer parameter ε is followed which helps in the 

design of the nonlinear observer. By choosing different 

values of ε, different system states are estimated. 

II. SEPERATION PRINCIPLE 

The principle for LTI system guarantees that output 

feedback can be approached in two steps [10]: 

 Design a state feedback law assuming that the tate 

x is available. 

 Design an observer and replace x with the estimate 

 ̂ in the control law. 

If the true state is replaced by the estimate given by an 

observer, then in general exponenetial stability of the 

observer does not  guarantee closed loop stability. 

The combination of globally bounded state feedback control 

and high-gain observers allows for a separation approach 

where first to meet the design objectives, the state feedback 

controller is designed and then to recover the performance 

achieved under state feedback, the fast enough high-gain 

observer is designed. This separation approach is used in 

most of the papers that utilize high gain observers. 

A different approach to the separation principle 

was introduced by Maggiore and Passino. Unlike the work 

of Khalil and co-workers, they do not saturate the state 

estimates or the control. Instead, they use a dynamic 

projection algorithm to project the state estimates within a 

predetermined set. They prove a separation theorem for a 

class of nonlinear systems which are not necessarily 

uniformly observable. 

III. IMPLEMENTATION ISSUES 

To move high-gain observers towards practical 

implementation, three issues have to be addressed: 

measurement noise, unmodeled fast dynamics, and digital 

implementation. In [1-5], [7] the system is dealt with 

measurement noise and the unmodeled fast dynamics is 

discussed in [8]. 

Since high-gain observers extend the bandwidth of the 

controller as the observer gain is increased, it is important to 

study robustness to unmodeled fast (high-frequency) 

dynamics. 

The paper [11] develops a multi-rate sampled-data output 

feedback control for a class of nonlinear systems using high-

gain observers where the measurement sampling rate is 

higher than the control update rate. It is shown that if the 

sampled-data state feedback controller globally stabilizes 

the origin, then the multi-rate output feedback controller will 

achieve semi-global practical stabilization. This multi-rate 

scheme allows for more computationally intensive 

controllers because the control sampling period will not 

shrink as we increase the observer gain.  

IV. OBSERVER DESIGN 

High-gain observers have developed into an important topic 

in state estimation and output feedback control of nonlinear 

systems. High-gain observers are commonly utilized to 

estimate the states used in constructing the output feedback 

control, when such states are derivatives of the output. 

The state can actually be asymptotically determined under 

appropriate conditions, by means of a so-called state 

observer. The observer uses a model of the system along 

with past measurements of both the input and output 

trajectories of the system. 

The intuition behind the nonlinear observer gain [2] is as 

follows: 

 Without sacrificing the steady state performance, 

achieve the desired fast state reconstruction with 

  . 

 To reduce the steady state estimation error with    

while maintaining an acceptable rate of 

convergence in the estimates. 

Consider the following second order nonlinear system [10] 

 ̇    ; 

 ̇    
   ; 

      

which can be globally stabilized by state feedback controller 

     
        

The output feedback controller is taken as 

    ̂ 
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Where observer gain assigns the eigenvalues of A0  
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. The initial values of the terms are taken as 

  ( )      
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For different value of ε, the system is simulated and the 

simulation results are as shown in Figure 1 and Figure 3. 

 
Fig. 1: Estimate of state x1 vs time t with SFB and OFB 

 
Fig. 2: Close look for estimate of x1 with SFB and OFB 
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Fig. 3: Estimate of state x2 vs time t with SFB and OFB 

Here one of the major disadvantage or problem that is faced 

is the peaking phenomenon. Peaking is induced when   is 

sufficiently small by 
   ( )  ̂ ( ) 

 
 

   

 
. Figure shows a 

behavior where the response under output feedback deviates 

from the response under state feedback as   decreases. This 

is the impact of peaking phenomenon. 

If peaking of the state takes it outside the region of 

attraction, it could destabilize the system. This peaking 

phenomenon can be overcome by saturating the control 

outside a compact region of interest in order to create a 

buffer that protects the plant from peaking. 

V. CONCLUSION 

Over the past 20 years, despite the progress in high-gain-

observer theory, there are still challenging problems and 

open avenues for research. The work reported here 

on the basic study of high gain observer is still in an early 

stage. We believe that there is a lot to learn about how to use 

these tools to improve the performance of nonlinear 

controllers. 
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