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Substituting this result in Equation 2
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Define terms for simplicity
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where Fy., Fyy and Fy, are defined by Equations 4, 5 and 6,
respectively.
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where F,,, F,, and F,, are defined by Equations 14, 15 and 16,
respectively.
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Computing 477, using taylor series expansion and retaining only the
first order terms
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where F,y, F, and F,, are defined by Equations 19, 20 and 21,
respectively.
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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

F(X + 6%, t) (23)
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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
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Using Taylor series expansion
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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
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Using Taylor series expansion
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Initially the accelerometer and gyroscope measurements, fﬁ’ and Jﬁf’b,

respectively, will be modeled as

A A (25)
Gb=ab + ASh (26)

where f% and (,D',‘-’b are the specific force and angular rates,

respectively; and Aff’b and Acﬁﬁ, represents the errors. In later
lectures we will discuss more detailed description of these errors.
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Initially the accelerometer and gyroscope measurements, ffz and Jﬁf’b,

respectively, will be modeled as

fh=fh 25
ib ib + these terms may ( )
oy} __ =b be expanded further

Wip = Wip b (26)

where f% and (,D',‘-’b are the specific force and angular rates,

respectively; and Aff’b and Acﬁﬁ, represents the errors. In later
lectures we will discuss more detailed description of these errors.

Inertial Measurements

(NMT) EE 5 ton and N



Error Modeling Example NEW MEXICO

SCIENCE  ENGINEERING « RESEARCH UNIVERSITY

Accelerometers
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Gyroscopes
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Accelerometers

Misalignment and SF Errors

Gyroscopes
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Non-linearity
Gyroscopes
GB = by + (T + M35 + Gof b + wy (28)
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Accelerometers

Fb = byt (T+ Ma)FE + iy + (@) (27)
Noise
Gyroscopes
5b = by + (T+ Mp)35 + G F b + ) (28)
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@ Position error

0F = Fhy— Tl (29)

o Velocity error .
5\7gb:\7gb—\75b (30)

@ Specific force errors

ofb =fb —fh (31)
Afh =AFE — AFE = —6F5 (32)

e Angular rate errors )
0@ =@ —dh (33)
Al = A&h — AGE = 0wk (34)

Inertial Measurements
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Define
5C) = CJCh = o) ~ T4 (537, ] (35)

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

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

Gl =(Z—[097,x))C) (36)

Similarly, . A
Gl =T+ [&bj{bx])Cg (37)

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

fh=Ffh—Afh (38)
Gh=dh - A5k (39)

where fﬁj and o?’f-’b are the accelerometer and gyroscope estimated
calibration values, respectively.

Estimates of Sensor Me

(NMT) 5 ion and N i Apl



	Attitude
	NAV Velocity Error
	Nav Position Error
	Summary
	Appendix
	Basic Definitions
	Linearization
	Inertial Measurements
	Attitude Error
	Estimates of Sensor Measurements


