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Recall that

—

b _ rb~n
Wip = anin

Expressing the above equation in terms of estimates we get

Substituting this result in Equation 2
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Using Taylor series and retaining the first order terms
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Final Expression NEW MEXICO TECH
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517" no = FypdP iy + Fypu0V 2y + Fyr67 3y + CLOG0 (7)J

where Fyy, Fyy, and Fy, are defined by Equations 4, 5 and 6,
respectively.
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Velocity Cont.
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Velocity Cont.
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Velocity Error Cont.

After tons of algebra NEW MEXICO TECH

SCIENCE + ENGINEERING « RESEARCH UNIVERSITY

5V = FupdB " + FudV 0y + Fud? 0y + CLOF 5, (13)J

where F,y, F,, and F,, are defined by Equations 14, 15 and 16,
respectively.
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Velocity Cont.
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Computing 67", using taylor series expansion and retaining only the
first order terms

SF 0y = FrpbP "y + Fry 0V 0y + Frr67 0 (18)J

where F,y, F, and F,, are defined by Equations 19, 20 and 21,
respectively.
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Position Cont.

Fry, Frv and Fp,
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Given a non-linear system x = f(X, t)

Linearization
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Given a non-linear system X = f (X, t)
Let’s assume we have an estimate of X, i.e., X such that X = X + §x

+ 0% = (X + 6%, t) (23)

X

X =
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Actual Measurements

Initially the accelerometer and gyroscope measurements, f band @5,

respectively, will be modeled as

=fb+AfY (25)

ib

atil
ST

(26)

b ~ b
ib = Wiy T DG,

Su

where ?f?b and @ 2) are the specific force and angular rates,
respectively; and Af & and A@ b represents the errors. In later lectures
we will discuss more detailed description of these errors.

Inertial Measurements
March 19, 2014
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Actual Measurements
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Accelerometers
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@ Position error

T g =T 4= T fo (29)

@ Velocity error R
ﬁgb = vgb—vgb (30)

@ Specific force errors A
A A (31)
AFY = APl — AFh = —oF8 (32)

@ Angular rate errors

b G =&k — (33)
Al fy = A& — ADf = —665 (34)
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Define
5C) = el =~ T4 (597, %] (35)

This is the error in attitude resulting from errors in estimating the
angular rates.

Attitude Error
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Attitude Error Properties
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The attitude error is a multiplicative small angle transformation from
the actual frame to the computed frame

G = (ZT-[0%7,x)C) (36)
Similarly,
Cy = (Z+[69p],xE) (37)

Attitude Error
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Specific Force and Agnular Rates

Similarly we can attempt to estimate the specific force and angular rate
by applying correction based on our estimate of the error.

fb —fb _AfS (38)
b =dbh - ADE (39)

where f 2 and & & are the accelerometer and gyroscope estimated

calibration values, respectively.

Estimates of Sensor Measurements
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