Chapter 1

Jacobian Derivation for EKF
and Gyro

As the system function used in our model is only affected by the state, it
can be expressed as &y = Az + wi where Az, = f,. Using the state
transition matrix and state matrix of Chapter 77, the full set of equations
contained by f, can be shown to be:
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As in Equation 7?7, the Jacobian V f can be found using:
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and work through all the differentials to produce:
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Some useful properties

Using the chain rule, we have
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which provides the following outcome:
Sy oy 00, by 8% ., y
59_5tx(5t) _5tx(5t2) P (1.5)
Also if
F = f(a(t), b(t)) (1.6)

where F does not depend directly on t, then the second outcome (using
the total derivative rule) is:
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Deriving the elements of the Jacobian

Bear in mind that the following differentiations are for a discrete process,
t has been used for familiarity’s sake, and only at points to remind us that all
the variables are time based. It is also assumed that the signal dynamics are
varying sufficiently slowly between samples that the system can be assumed
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continuous in terms of differentiation. Also the sampling, with a rate of dt is
of a signal containing frequencies below 2% =¢ so that the continuous signal can
be reconstructed (according to the Nyquist theorem). See [?] for situations
where this is not the case.

The first differential follows along the same lines as Equation 1.5:
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In a similar fashion to Equation 1.8 we get:
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The next equation is initially expanded based on Equation 1.4 and later
the total derivative rule (Equation 1.7) is used:
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For this next differential, the product rule followed by the result of Equa-

tion 1.8 is used:
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The following uses the outcome of Equation 1.5:
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In the following six equations, dt is the sample time, which is treated as
a constant.
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