
Chapter 4 

Proposed solution 
4.1 Development of state space model 

For a simple lowering and lifting application system, equations were obtained and it is 

observed to be nonlinear. In the next step, the system is lenearised in order to obtain 

the state space model. Nonlinear dynamic continuous-time systems (CS) can be 

described by non linear differential equations (or difference equations for discrete-

time system (DS)) as 

x - F(x,u) for CS 
(4.1) 

x(t + \) = F(x,u) forDS 

Where x e S.R" is the state vector and u e 9?m gives the control input vector of the 

systems. The equilibrium points (x ,u) (or fixed points) of the dynamic system satisfy. 

£ = {(x,u)e 9T+m| F(x,w) = 0 } for CS 

£ = {(x,u) e 9T+m |x = F(x,u)} for DS 

Neglecting higher order terms, we obtain a linearised model around any arbitrary 

point(x0,w0) e Cas follows; 

(4.2) 

x = A0(x-x0) + B0(u-u0) + F(x0,u0) 

x(t + \) = A0(x-x0) + B0(u-u0) + F(x0,u0) 

where 

A0 — {X0,U0), D0 — XQ,U0). 
ox du 

(4.3) 

The dynamics of the nonlinear system are approximated near an arbitrary 

point(x0,w0) e C. Then, equation (13) can be rewritten in the form: 

x = A,x + Bnu + dn 0 0 (4.4) 

x(t +1) = AQX + B0u + d0 

Where d0 = F(x0, u0) - AQX0 - B0u0. 

Note here that an arbitrary point (x0,u0) need not be an equilibrium 

point (x ,u) .linearized model of the PAM is given below: 

; C = [ 1 0 0]; D = 0 

0 0.4038 0.039" 0 

A = 0 0 1 ; B = 0 

0.706 5.72 0 0.34 
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Then the inverse based control technique can be applied directly to the above derived 

state space model. 

4.2 Inverse based control approach 

Reference state xa Actual state .v 

U=Ud+K(xd-x) 

Figure 4.1 Concepts of inverse based tracking. 

For a given system, the behavior can be described by a mathematical model. 

According to the mathematical model the system has a specific relationship between 

its inputs and outputs. Therefore system should have unique output for a given input. 

The key idea of inverse based tracking is to find out best input in order to realize 

desired output [28] [29]. 
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Figure 4.2 System transfer 

Mathematically, define the inverse model for a given System model Gq as follows: 

-lr Input = [G0 ] [Desired Output] 

Desired 
Output 

Desired 
Output 

[Go]-1 [Go] 

Figure 4.3 Inverse based control 
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This approach could be used in high precision control application specially for non 

linear application. 

4.3 Applications of inverse based control approach 

Model based inversion of system dynamics can be used to find inputs that achieve 

high precision output tracking. This input is referred to as the inverse input. The 

inversion technique has been applied to a number of output tracking applications. 

Here it can be listed as follow [30]-[32]. 

(1) In the precision control of flexible manipulator. 

(2) In air craft controller application. 

(3) In high precision positioning application. 

However the model based inversion approach suffers from two problems. 

(1) The inverse input will be erroneous if the modeling uncertainty is large and 

(2) The inverse input will be unacceptable if it violates input energy or bandwidth 

limitation. 
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