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Figure 4.1 .Block diagram of system, measurement model, and discrete-time Kalman filter. 



4.2.1 	 Summary of Equations for the DIscrete-Time Kalman 
estimator 

The equations derived in the preceding section are summarized in Thble 4.3. In this 
formulation of the filter equations, G has been combined with the plant covariance by 
multiplying Gk-l and or-l' e.g., 

Qk-l = Gk-l E(Wk-1WL1)GLl 

= Gk-lQk-lG'f-l' 

TABLE 4.3 DISCRETE·TIME KALMAN FILTER EQUATIONS 

System dynamic model: 
z,. 	 = 
w,. 

Measurement model: 
z,. 	 = v,. 	 '" 

Initial conditions: 

E(zo} = Zo 


E(ioir) = Po 

Independence assumption: 


E (W,.vJ) ;::: 0 for all k ~ j 


State estimate extra lation

L~Z~,.(iI!;-)~~=~~~~~~-, i) redL-l,~,;t&-1.-~ 

Error covariance extrapo ation 
p,.(-) = 

State estimate observational update (Equation 4.21): 
-- z,.(+) = z,.(-) +R,. [Z,. - H,.z,.(-)] 
Error covariance update (Equation 4.24): 

.P,.(+) = [I - R,.H,.] P,.(-) 
Kalman gain matrix (Equation 4.19): 

R,. 	 = P,.(-)H,{ [H,.P,.(-)H'{ +R,.r1 

The relation ofthe filter to the system is illustrated in the block diagram ofFigure 
4.1. The basic steps of the computational procedure for the discrete-time Kalman 
estimator are as follows: 

1. 	 Co~pute Pk(-) using Pk-l (+), Wk-l> and Qk-l. 

2. 	 Compute Kk using Pk(-) (compU&led in step 1), Hk, and Rk. 

3. 	 Compute Pk(+) using Kk (computed in step 2) and PkH (from step 1). 

4. 	 Compute successive values of Zk(+) recursively, using the computed values 
of Kk (from step 3), the given initial estimate zo, and the input data Zk. 

Step 4 ofthe Kalman filter implementation [computation ofZk(+)] can be imple­
mented only for state vector propagation where simulator or real data sets are avail­
able. An example of this is given in Sertion 4.12. . 

~"-l.p,.-l(+)~r-l + Q,.-l 


