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Feedback Vs. Feedforward Kalman Filter
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Loosely Coupled Approach
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Tightly Coupled Approach
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INS Alignment

® Determination of the angular relationship between the
navigation frame and the body frame

® Classification
— Phase : Coarse alignment and
Fine alighment( Gyrocompassing, Kalman Filter)

— Aided Information : Self alighment and Transfer
alignment

— Maneuver : Stationary alignment and In-flight alignment
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Coarse Alignment

® Using the knowledge of the gravity and earth rotation
vectors

® Algorithm
— Accelerometer output: /' =[f. f, f.1'=CJ0 0 -gl"=C/f"
— Gyrooutput: o’ =[o, o, o.] =Clo,cosL 0 -o,sinl] =Cwo

y
— New vector: v=f xo
b

1% z[vx v, vz]sz[O g, cosL 0] =Cv"
— Three vector relations

(T [T =y =y U]
(@) |=| (@) |} | > ' =|(o")"| [(@")]
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® Coordinate Transformation Matrix

((1/g)tanL (1/w,)secL 0 T
C, (0)= 0 0 (1/ gw,)secL || (o”)"
g 0 o ]
Ci G Gy g, w,,, L :Known values
=Gy Gy Gy <::| b b
17, o : Measurements
G Gy Gy
® Euler Angles
- Roll angle - Pitch angle - Yaw angle

C'23

[ -c lc
= tan‘l(—j O=tan | —13_ W = tan 1(12)
e e, f-c;
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(In-Flight) Fine-Alignment
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Observability: Trajectory Dependence
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Lever-Arm Effect
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Synchronization
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A5 19 BRA

0l 215t AIZtSI12XDt ZTHOHH T Al Hi

dol HIZBSH2E 2 2X1& EELAE

« L. Y. Bar-ltzhack, Y. Vitek(1985), "The enigma of false bias detection in a
strapdown system during transfer alignment”, Journal of Guidance and Control, 8, 2,
175-180

e
02

- JIESTAH HIOIO 2 0)l TSt 2 FZ A= BE 01S0t= Il
M2 X0l 10t =J1E

« H.K. Lee, J. G. Lee, and G. I. Jee(2002), “Calibration of measurement delay in

GPS/SDINS hybrid navigation”, Journal of Guidance, Control, and Dynamics, 25, 2,
240-247
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INS/GPS A|2I=ST|S L/ordrd
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GPS Integrity monitoring

® Integrity .
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RAIM
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HoIEE Edl S8&l= FM0IC.
— Hdltlul 49 (Range Comparison Method)

— ..*.Iill*o* Ui (Least-Squares-Residual Method)
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Range Comparison Method
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Least-Squares-Residual Method

Y=HX+V, V~(O,R), det(H H)=O0,

- least-square state estimate: X=H'Y=X+ I}

H" =(H'R'H)'H'R"

- residual: Z=HX-Y =[HH -1V

Z~(0,%)
>=[[-HH"R[I-HH']"
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Parity Method

y — Hx + Vv - GPS measurement eqguation
y,veR™ HeR™ xeR"

n>n

Y~ (0,0'2])

Q0'y=0"Hx+Q0'v=0"ORx+Q'v=Rx+Q"v

v |=|./\ A 04—1
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no -1 T A 4x1 .. . .
X = R1 Q1 Y xeR . least square positioning solution

p=0ry=0fv peR" ¥  parity vector

parity
vector

* Magnitude — Fault Detection
* Direction — Fault Identification

° 1l Al A o4
Ng?l;;.;ﬁ()% In Oan'ﬁior! Systems m;gt%
AN http ;// eeanangkong.ackr / nisl /




Cycle-Slip Detection

S,

I
H, (no cycle-slip) : SA{ ~ 2°(1,0)
Hy  (cycle-slp) S ~x'(Ly))
where

= (¢ ¢ )~ (XIS =1 X
9/ ~(0,1/)
Il =220, +(h{) U-F_)P_(I-F._) h
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Multipath Detection

Tkj—B+1/k — (dk—B+1/k )T (AB )_1 dk—B+1/k

where

A, =[G A6,

d, [ B-1 B-2 1] B+l
. 3
dy 552, 1 B
. 1 - L _
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. B = 5 S
/ 1 — |7 2 _
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Effects of Detection Performance
on Positioning Accuracy
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Application Areas
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Guidance, Control and Navigation

NS Velocity
accelerations — fen
UAV IMU |~ Nav » Position
angular rates | | —3
Orientation

Position, Velocity, Orientation
and Covariance correction
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+ X (navigation frame; n-frame)
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AUV (Autonomous Underwater Vehicle)
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Black-Box

STEATLOY
PAYD Insurance Data Collection

How ! When /
Where [ Howr

Insurer

Customised
Maonthly Bill
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Pavement Analysis
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Deformation Monitoring
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Radio-Enviroment Sounding

Probe-vehicle surveving radio environments
— < width GP¢ PR

i i landing path extended
glidepath Intercept point N / . ap XN

Localizer Intercept point

ca. 20/25NM 1

ca. 11-17km
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Probe-Car
for LBS, ITS , and Network Calibration

m\ FrAS: fleet management server

MSC: mobile services switching center
LCS: location service server

RTS: RF-ID tracking system

LPI3! local positioning information server
GPIS: dlobal positioning information server

Galileo

RFID T30

RTS
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SAR Mapping
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Aerial/Satellite Imagery
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Gravimetry
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Advices
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® GPS/INS : Synergistic Effect
® Accuracy, Availability, Reliability, Continuity &4t
® Accuracye= GPS 0fl Al 9&

e Availability, Reliability, Continuity= INS 0jl 3 Al
O|=

TH S0l 20 A= Reliability(Fault Detection)
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