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Motivation

e For modern complex launch vehicle missions on-board
navigation capability ts required

« GPS-based navigation (s the pre-eminent method for
on-board navigation

 Extensive research ts necessary tn the following areas:
— Advanced non-linear estimation
— Optimization of the GPS receiver for high dynamics

 High fidelity stmulations are cructal
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ynamic model of a launch vehicle
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Jynamic model of a launch vehicle
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Imulation procedure

Simulated GNSS
signal corresponding
to the vehicle motion

Generated vehicle Conversion to .umt
motion format

SPIRENT
GSS8000
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Imulation procedure

SPIRENT

1 i ! 1
P Reference ! | — :
! simulator and trajectory ! ! i Estimation :
X SimGen - ! : _ Error '
, ) generation ! b = 1
: environment | : :
! 1
1 1 ! 1
1 1
! i ! MATLAB |
! v ! , environment !
1 | ! 1
; ! i :
! 1
! SimGen ! GPS measurements 1 !
i ! : Estimation E
i i GPS sat. position i algorithm !
1 1 > .
! ! l '
: ! : :

& UNSW IGNSS 2016 Sydney Australia | 7

LEN.) AusTrRALIA



ACSER SNA

AUSTRALIAN CENTRE FOR
SPACE ENGINEERING RESEARCH L a b

Imulation procedure
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nscented Kalman Filter (UKF)

A generic estimation problem:

Y() = f(t,Y,v(0))
Z(k) = h(Y(k)) + w(t)

a posteriori state

es deterministic sampling
jori mean and error h
p g

' State propagatu> L
t t+ot
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Unscented Kalman Filter (UKF)

* 2n+] sigma points has to be propagated separately
using numerlcal tntegration for n dimensional state
vector

* Computational time ts higher than the EKF

« (Cannot be used (n a real-time application with limited
computational resources

« SSUT and MUT were developed to reduce the
computation time of UKF
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Stngle Propagation Unscented Kalman
Filter (SPUKF)

e Only one sigma point ts propagated to the next time
step

« Other 2n sigma points are calculated from previous
Information

Y; (¢ +6¢t) = F(t,Y*(t),v(0)) + Day,F

a posteriori state

) oL ,aY
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Extrapolated Single Propagation Unscented
Kalman Filter (ESPUKF)

Estimation error for the SPUKEF is higher than the UKF and the SSUKF due
to the 2" order Taylor series terms

ESPUKEF reduces the error using Richardson Extrapolation

N1(AY;)) = F(t,Y*(8),v(t)) + Day,F ‘Y+

AY;
N, ( = ‘) = F(t,Y*,v) + Day,F ‘w + DAy.F‘
2

1wa 3DAY
2 3! 4 41

Y7 (t + 6t) = 2N, (A; i) _ N,(4Y,) — [
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SPUKF(new)
ESPUKF(new)

IGNSS 2016 Sydney Australia | 14



ACSER

AUSTRALIAN CENTRE FOR
SPACE ENGINEERING RESEARCH

esults

Error (m)

Down-range

E
i
g
L

—EKF
——SPUKF
——ESPUKF
——UKF

IGNSS 2016 Sydney Australia | 15



ACSER

AUSTRALIAN CENTRE FOR
SPACE ENGINEERING RESEARCH

esults

N
o

Error (m)
o

Down-range

o
o

N
o

mA
gé
= 510
£ b
< |

o

IGNSS 2016 Sydney Australia | 16



AUSTRALIAN CENTRE FOR
SPACE ENGINEERING RESEARCH

L a b

Concluston

e Simulation of a multi-stage launch vehicle
trajectory s presented

* Procedure for generating corresponding GPS
signals and measurements are shown

» Launch vehicle position estimation capability of
KEA receiver s demonstrated

e Two new estimation algorithms are tested and
compared with the existing estimation methods
using the simulation method

& UNSW IGNSS 2016 Sydney Australia | 17

[as [»53]



Thank you

all: s.biswas@unsw.edu.c

IGNSS 2016 Sydney Australia | 18



