INS Initialization

| IMU Measurements |
a, f

e How can we initialize the INS? g

Prior
Attitude Update Transform

Prior Grav

Velocity Update Model

» Typically from GPS or other position . !
fixing source -

Updated Updated Updated
Attitude Velocity Position

= Attitude (Self-Alignment)

e Can be determined by a suitably accurate IMU if stationary

— For an ECI mechanization a star tracker is a common
alternative

= Position and Velocity

» Effectively, the IMU “sees” the earth rate vector and g-vector
(i.e. acceleration due to gravity)
— This will not work for low-grade inertial sensors

» The gyros must have biases much less than earth rate
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INS Initialization
Attitude Initialization (Self-Alignment)

* The three gyros “see” earth rate

@, cos(L,)
@, =C,C!&, =C )@, =C, 0
| —@, sin(L,)

 The three accels “see” the
g-vector

= gisa function of lat & lon

—

fi =C8 =C,| 0

n
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INS Initialization
Attitude Initialization (Self-Alignment)

« Can generate a third vector equation

0] [ @, cos(L,)
foxal,=C’||0|x 0
g | | —@,sin(L,) |

~
—

« Using measurements of the specific force (f;),
angular velocity @,), and cross-product ( 7’ xa )

~

g @ (Rxa)|-cle a (gxa)]
[A]=C![B]=[A][B]" = = ¢; =([A][B]") =[B]"[a]
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INS Initialization
Attitude Initialization (Self-Alignment)

* With some help from Mathematica™
= This is often referred to as course-alignment

 The DCM can now be reduced to Euler angles, a quaternion,
or other suitable orientation representations

i tan(L,) 1
g @, cos(L,)
1 :b = = = g
= 0 0 | .bxa).bﬂ
b ga)le COS(Lb ) |:f;b ib f;b ib
— 0 0
L 8 ]
o, fta@) o ftnld) e | fuand,)]
@, cos(8,,) 8 @, c0s(6,) 8 @, cos(6,,) 8
| Hetioe) (S0~ 1.0) S0+ o)
gw,cos(L,) g, cos(L,) g, cos(L,)
fe L L
i 8 8 8 ]
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INS Error Propagation

 Focus on errors due to deterministic error
sources
= Sensor errors

* Biases, misalignment, scale factor, ...

* Noise contributors (ARW, VRW, ...) are also significant
" |nitialization errors

* Imperfect initial position, velocity and attitude
= Mechanization equations introduce errors

e Can increase fidelity and/or update rates

e Gravity model
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INS Error Propagation

 Define orientation error as
= Measured X Truth! (DCM)

o0Cy = C’Zf Cl = e = e[@gﬁx}dt = e[a%x} =1+ [&73,3 X] +...

(6, x| =6Cs —1 = [5;;;;3 x] = 8C8

* Define linear (velocity, pos, ...) errors as
= Measured - Truth

=y _ Y Y
5V,30,—Vﬂ0, Ve

=b _ =b b
0w, = @, — @, =Db,

8fy=1s—1, =0,
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INS Error Propagation

* Want to build a state-space error model

= State vector k24
ov
. :{ 5(PVA) } _| s
Gyro [ Accel Biases -
- bg _
= This will allow us to model the system’s error dynamics
S
ov
X=Ax=A|OF b,=b, =0
b,
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e Recall that:

INS Error Propagation
Case I: ECI Error Model

 Error model state vector
= Attitude Error

Cli — Czi be

5C! =C cf - 5@' - é,;‘ C'+C ¢
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/ Cib = Czb Q;;
D,

—_7

B 1
oy,
i
oV,
— ]
5’?‘17

=
I

S S

| (Co)x|=Clox]C”

= Q"' =C'Q'C,
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INS Error Propagation
Case I: ECI Error Model

= Velocity Error
. =2 B B
Recall that: a, =v, = f,

_’l

5vlb = vlb vlb

=Cifr-7,-(Cifi -7,

* Now, by adding zero
Cif-Cif+(Cif-Cify) =
=[sc;c, -G |( /o

=| 6C,-1]C, f, +Cib,

= 8, XC, [, + Cyp,
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~i _ iph =
_%b_cbfib_

O0C, =1+ [51/71.2 x]
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INS Error Propagation
Case |: ECI Error Model
"= The remaining term
e Recall that: | re (L) :
Vio = E — ) 27/0(L)
(75 (L) + 1)

= Now, by ignoring gravitational variation w/ latitude and
making additional simplifications

AR

eS ‘1

i

= We finally obtain

lb reS

5%, ==[ CL x| 8w, +Ci, e 28, [f,;(rb) }55,;‘
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INS Error Propagation
Case I: ECI Error Model

® Position Error

S
o,
=i

oV,
=i
or, | _

b,

Sy

8

e Recalling that =i _ 3
n Summary:

- G fox]

O3><3

=i _ Q=i
= 01, =0V,

O3><3 03><3
0 |7 (7) |
Hrz‘b Ves
1 3x3 O3><3
03><15
03><15

— |
ov,,
.
oV,
.
5’?19

b S

8

= This continuous time model can be converted to a discrete
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INS Error Propagation
Case Il: ECEF Error Model

 Error model state vector

= Attitude Error
e Recallthat: C/=C/ Q"
e Leads again to
oy, x|=C |4, -, |

=l

 Thus _ - , *”b —
e el o e
oy, =C, @, ebﬂ/

=C; | (@, -Clay,)-(a, - Clax

oW, = Cib, —| @, x |67,
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INS Error Propagation
Case Il: ECEF Error Model

= \elocity Error L .
= fib +g, =282,V

ie eb

= Fo2Q0 T+ — QLT

ie eb ie eb

e Recalling that Ve

* Following the prior anaIyS|s

e e C—e
QieQieé‘reb

I —e
e 2"gzie 5veb

Veb

5veb _ Veb

- Cifax

- _ . 2 o _
5V, == Co x| 0, + Cib, ~200,67, + 50 74 (73) | o
r

reb eS
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INS Error Propagation
Case |l: ECEF Error Model

= Position Error
e Recalling that Fez :‘7:19 :5’—;;2 :5‘—;:[9
* |n Summary:

51//619 _|:a)ie X:' 03><3 03><3 03><3 Cb B 51/7:[9 ]
Ve e r i 28 e
5‘?1’ _|:Cb fil[j X] -2Q, T . [ Veb ( ) }5 G, O OV,
5’7;2 = reb reS 5}‘,.;2
;a 03><3 I 3x3 03><3 03><3 03><3 _ba
l; O35 I;g
- 0L O35 1 B
= This continuous time model can be converted to a discrete
model
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