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Kalman Filter Example
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The kalman filter is a time series estimation algorithm that is mainly used combined with

maximum likelihood approach to estimate parameters for given data. Compared with pure

maximum likelihood,  which typically  assumes that  the  data  series  is  observed without

errors, and obtains the state variables by inversion, Kalman filter assumes that all data is

observed with measurement errors, which is one of the big reasons why it becomes more

and more popular in economics and finance, as many models in these fields depend on

data that are either non-observable, for example, bond prices are observable but interest

rates are not; energy future prices are easily observed but underlying assets are not, etc.;

or subject to noise, such as due to bid-ask spreads.

There are two basic equations of  a Kalman filter:  the measurement  equation and the

transition  equation,  as  the  names  suggest,  the  measurement  equation  relates  an

unobserved variable (such as interest  rates)  to an observable variable (such as bond

prices), and the transition equation allows the unobserved variable to change over time, for

example,  interest  rates follow a Cox Ingersoll Ross (CIR)  process.  Essentially Kalman

filter  is  a recursive algorithm,  it  starts  with initial  values  for  the state variables and a

measure of the certainty of the guess, and then use these initial values to predict the value

of  the  measurement  equation,  since  the  variables  in  the  measurement  equation are

observed, we can calculate the prediction error,  together with a kalman gain factor,  to

update the values in the transition equation, repeat the process for the next time period

and finally we are able to estimate the parameters values by maximum likelihood. The

following steps outline the specific procedures of a kalman filter example:

Step 1:  writing down the measurement equation and transition equation, initializing

the state vector;

Step 2: forecasting the measurement equation given the initial values;

Step 3:  updating the inference about  the state  vector  incorporating  kalman gain

matrix and the prediction error;

Step 4:  forecasting  the state vector  of  the next  time period conditioning on the

updated values of the previous period;

Step 5: calculating the log-likelihood function under a certain distribution assumption

and maximize the log-likelihood, usually a Gaussian distribution is applied.

For a detailed Kalman filter example in excel, please read the paper "A simplified approach

to understanding the kalman filter technique" for detail, I also wrote a sample tutorial file

trying to mimic the results but failed, possible reasons are poor performance of solver in
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