STATE FEEDBACK WITH INTEGRAL CONTROL
Normally, designing the state feedback controller by using only the pole-placement design will give one major disadvantage where large steady-state error will be introduced. Therefore, in order to compensate for this problem, an integral control is added where it will eliminate the steady-state error in the response to the step input. 

Fig.4 shows the block diagram of the system with the integral control added into it. In the dashed box is the state feedback controller which is designed before. A feedback path from the output has been added to the error, e, which is fed forward to the controlled via an integrator. The main function of adding an integrator is to increase the system type thus reduces the previous finite steady-state error to zero. Therefore, a design for zero steady state error for a step input can be obtained. 
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Fig.4: Detailed block diagram of system with state feedback 

and integral control. From the block diagram above, let the system matrix with integral control be given as [2]: 
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Therefore, the final derivation for the system matrix with the integral control is as follows: 
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In order to implement the Bass and Gura’s formula to find the state feedback gain matrix for the state-space system with integral control, some equation modification has to be performed. 
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The controllability matrix, S’, can be obtained using the F and G above. Now, the state feedback gain matrix can be obtained by rewriting equation (18) as follows: 
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Therefore
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and the gain integral can obtained is given as:
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An extra integrator in series with the plant it can remove the steady-state error due to a step reference. If the integrator comes before the injection of the disturbance, it will also cancel a step disturbance input in steady state. This changes our control structure so that it now resembles the block diagram. The integral of the error will be fed back, and will result in the steady-state error being reduced to zero. Now we must redesign our controller to account for the augmented state vector.
