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A Design of Navigation Algorithm

for Low-cost Launch Vehicle Navigation System
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Abstract

The small and low-cost launch vehicle navigation system is expected to enable the

flexible and responsive launch system, air launch mission or sea launch mission of small satellite
launch vehicle. In these cases, navigation system has to compensate inertial sensor errors and initial
alignment error during flight to meet the accuracy requirement of payload injection. This paper
proposes a design method of the navigation algorithm using Kalman filter for the IMU (Inertial
Measurement Unit) and GPS (Global Positioning System) receiver hybrid navigation system. The
effectiveness of this system is evaluated through numerical simulations.
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Fig.1 Inertial Coordinate System
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Fig.2 IMU Coordinate System
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Fig.4 Data Flow Diagram of Navigation Filter

e JO00ODOOOOODOOOODOODO

gogoobooobooboobioobooboo
e NIODOODOODODODODO
e JO0ODOOODOODOOOODODOO

ugboogooaoo
e NOODOODOODODDODOO

GpSOOOOOOO
e GPSOUOODOOIODOUODOOODOOODDOOO

gbooog
e JO0ODODOOODDO GPSODOOODDOOO
goooboooboo

Inertial velocity
Inertial position
(w/ error compensation)

e JOOOODOODOOODOODOOODOODO
obooooobooooon

gbobooobooobobOooobooobooooaoo
obooooooooooboooboobooboono
gobooooboooobooooboboooboooobbooo
goboooooboooboooboobooobooo
ooo

Incremental angle

4 0O0OOO0OOOO

gbobooobooooboboobooooobooooboooo
ooooooooboooooboooooooboooo
oobboooobooooooooooooooooo
ooboboooboooboooooooooooobooon
oooooDooOOOoOoOoOoOooooGepPSOO0O0O0OOO
oboooboooboooooooooobobooo
goboobooooooboobooboooooooboooo
ooboooboobooooooooobooobboooon
ooooooooooobobooooooboooo

000000D000000000000 Table1 OO
oooOOOooobOOo0oOooobo GpSOOO0ODOOOO
oobooooboboooooooobbooobooooo
ooooooooo

gbooooobooobool1oooooobooooboooon
gobe000D0OOvvo0oOOOOODOCOOOODOOOOO
FigbOOODODOODODOODODOO FigeO DO OOFig.bUO
obooboooooboooobobooooboooobobooo



G6-3

FE52E B EHENESHEES
20094E11 821, 22 A(KRKZ)

Table 1 Conditions of Simulation

Start time
End time

Start time of navigation error estimation

Inertial Sensor Error

Lift-off (0 s)

1500 s

640 s

10 through 100 times of current inertial

sensors using launch vehicle

Launch pad Tanegashima launch pad

Inclination 97 deg

Altitude 800 km

Sampling period of IMU 20 ms

Sampling period of GPS receiver 1s

Output period of navigation module 1s
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Fig.5 Simulation Result of Position
(solid line: estimated data, dashed line: reference data, and

dashed-dotted line: simulation data w/o error compensation)
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Fig.6 Simulation Result of Velocity
(solid line: estimated data, dashed line: reference data, and

dashed-dotted line: simulation data w/o error compensation)



