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Motivation




Proposed model + estimation

State-space model
Fortet*=1,2,...,T, ke k* C t*

Xt = g(Xr—1) +wy; f(wy) =U(0,p)
Yk = h(xx) +eg; f(er)=U(0,r)

- m-dimensional state x;;
n-dimensional output y;

- real vector function, g : R™ — R™;
- real vector function, h: R™ — R";
- state and output noises w; and e;;



Proposed model + estimation

Joint pdf
Fortet*=1,2,...,T, ke k* C t*

f(dl:OUT:T 0:T e

Hp,] 5] x)

prior information
S : ¢ state-space model
restriction on states



Proposed model + estimation

!/

The MAP estimate of X = [ (xO:t)/ pir ]

X = arg mingcg Zln pi)+ = Zln(rj)

i=1

The MAP estimate — non-linear programming form

@ missing data = missing inequality
@ off-line estimate
@ data at the beginning and at the end of data outage



Application

GPS/INS data — usage in the model

quantity (unit) notation  source in model as
true position No. 1 (m) (P<1, py1) - state

true position No. 2 (m) (Px2, Py2) - state

true azimuth (rad) © - state

true velocity (m/s) v - state

true yaw rate [rad/s] w - state
measured position No. 1 (m)  (Px1, Py1) GPS output

measured position No. 2 (m) w2, By2) GPS  output

—
Re1

measured azimuth (rad) & GPS  output
measured velocity (m/s) % INS output
measured yaw rate [rad/s] & INS output




Application

State model of moving vehicle

State equation:

Px1;t = Pxit—1+ hve_1singe 1 +wya;e
Pylit = Pyl;e—1+ th,1COSg0t,1 +wy1:t
Px2it = Px2t—1+ hve_1singpe 1 +wio;r
Py2;t = Py2;t—1 + th—ICOSSOt—l +wy2.t
PYr = Yr-1 — hwe + Wit
Vi = Vi1 +wWy;t

we = We—1 + Wit



Application

State model of moving vehicle

Output equation:

It ﬁxl;t —
ym ﬁyl;t =
It ﬁxZ;t -
z_1‘ ,F)y2;t —
I ¢r =
Ve =

Wy =

It(le t e €x1; t)
It(pyl t T ey1; t)
It(pr t + €x2; t)
Zi(p Py2;t + ey2,t)
It(g(pxl;tv Py1;t, Px2;t, Py2:t) + ecp;t)
Vi + €yt
W+ eyt

Z: € 0, 1 - measurement indicator



Problem of initial setting

APPROXIMATION

LINEARIZED MODEL

ESTIMATE \L \ \L ESTIMATE

r y
X X

LIN

Linearised model

@ states v, w — inputs

5= { Dt ... if GPS data are available

o = ~ .
Pt—1 — hwi—1 ... otherwise
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@ real data from training place
@ simulated outages in complete GPS data

@ result evaluation - absolute error of estimates
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Obrézek: Course of absolute error for estimates py1.¢, py1;t
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Obrézek: Course of absolute error for estimates puo.¢, py2;t
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Obréazek: Course of absolute error for estimates ¢,



linear — nonlinear model
choice of more appropriate quantities

definition of states, inputs, outputs

Gaussian — uniform noise



